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CxaHj^OaNa S emicarbazone of 5-cj/cZoliexanesjww2/cZopentan-3'Qne-l-earb- 
oxylic acid (Ingold and Thorpe), 373. 

12 IV 

GiaHsOdNaSea Di-m-nitrophenyl diselenide (Pyman), 170. 

C 12 H t ,0 8 N a As 3:3'-Dinitro-4:4'-dihydroxydiphenylarsinic acid (Faroh- 
E.r), 986. 

:C u H„0,N 4 As 3:3 / 'Dinitro'4:4 / -diaininodiplxenylar8inie acid (Fargher), 
989. 

| 12 V 

j CxjHuOaNaClAs SiS'-Diamino^i'-diliydroxydiplienyiarsenious chlor- 
j ide, dihydrocliloride of (Fargher), 987. 

| Ci 3 Group. 

CiaHiaN a-Indenyl-3-jfc-bixtyronitrile (Ingold and Thorpe), 154. 

CiaHjjOj O ' and p-Hydroxybenzylidenenxesityl oxide (Ghosh), 298. 
CiaH^Oj cis-3-Hy dr oxy-4-cx/cZohexy 1-1-methyl cycZobu tan-2-one-3:4-dic a rb- 
oxylic anhydride (Ingold and Thorpe), 372. 
m-Lactonio anhydride from y-hydrox y-fi-cijclo lxexy 1-a-metliyltricixrb- 
: allylic acid (Ingold and Thorpe), 371. 

OisHiaOi) 5-ci/eZ<5Hexanes;pm>-2-ethylcycZope:ntan-3-one-l-carboxylic acid 
| (Ingold and Thorpe), 379. 

-OjjHxbOb cis - and Zrcms-3-H ydro x j - i-cyclo liex y 1-1 -inetliy 1 cyclo b u t a n-2- o n e 
3:4-diearboxylic acids (Ingold and Thorpe), 371. 

; cis - and Zmis-Lactonic acids from y-hydroxy-A«/cZohexyl-a-methyltri- 
l carballylic acid, and their silver salts (Ingold and Thorpe), 368. 

I C la H 18 N* 2:5-’Dimethyl-l-»i-butylbenzinxiiiazole, and its picrate (Reilly 
^ and Hioicineottom), 178. 

VC M Hg 0 0 4 Acetyl derivative of 5 - «/cZo b o x a n e spirocyclo pentan-3-ol-l-carb- 
oxylie acid (Ingold and Thorpe), 374. 

I C u H m 0 7 cis- and trans- y-H y d r o x y * j8 -cyclo h e x y l-ct-nx e t h y 11 r i c a r b a 11 y 1 i c 
acids, barium salts (Ingold and Thorpe), 369. 

13 III 

j C 13 H 70 <tN 6-Nitro>l:2-«-naplitbapyrone (Dey and Goswami), 540. 

I CigHfiOaNa Quinolinanil (Giiosu), 1103. 

i C 18 Hb 0 2 N 9-Methyl i(/-l:8-wonaphthoxazone, and its salts (Dey and. Gos- 
4 wami), 539. 

; |C 13 H a 6 a K 3 Quinolinylphenylliydrazine (Ghosh), 1103. 

JCmHuON, Harmine, and its salts (Perkin and Robinson), 946. 

Methylnorharinino (Perkin and Robinson), 951. 

"tC u H M 0 # N a Nitroso-5;6:7:8-tetr ally dro-9-methyl-i|/-l:8-isonaphtboxaz one 

| (Dey and Goswami), 539. 

| ) 13 H 13 ON Aceto-j8-uaphtbylmethylamide (Morgan and Evans), 1143, 

§ l 18 Hi,O a N 5:6:7;8-Tetrahydro-9-methyl4-l:8-isanaphthoxazone (Dey and 
GosWami), 539, 

,!|C X5 H h ON 2 Harmaline, and its salts (Perkin and Robinson), 951. 

M Ci 3 R'^"' K eto isonor in e thy 1 tetr ally dr o bar mine (Perkin and Robinson), 

| 95»^ 

iCx 3 HMOgIl4% H jA.cetylainino-4-j?-aoetylaminoplxouyIgly ox aline, and its 
1 hydrochloride (Eargiier and Pyman), 240. 
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The Conception of the Chemical Element as Enlarged 
by the Study of Radioactive Change . 

A Lecture delivered before the Chemical Society on 
December 19th, 1918. 

By Frederick Soddy. 

The Council of the Chemical Society have honoured me with the 
invitation to deliver one of three lectures bearing on the ultimate 
constitution of matter, and I accepted the invitation in my desire 
to show how greatly I appreciated it rather than with any pro¬ 
spect of being enabled, when the time came, to say anything on 
the subject which has not already been said before. The problem' 
of the ultimate constitution of matter belongs to another world 
than that through which for the past four years we have been 
living, and although hostilities have at length ceased, and we may 
look forward to an opportunity of resuming in the future the 
thread of our philosophical investigations, philosophy herself is 
not so easily to be resumed. Novel in one sense as are the ideas 
introduced into the concepts of physics and chemistry by the study 
of radioactivity, four years’ interruption has made them appear 
rather as a remote historical accomplishment than as a contem¬ 
poraneous development. Although no longer new, however, the 
more as the subject matures does it become apparent that these 
advances are of fundamental and increasing importance to the 
chemist. 

One would perhaps have expected that on the first and most 
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fundamental conclusion arrived at in the study of radioact 
change that the change is of a transmutational character, involv.ii 
the spontaneous disintegration of the radio-element into others, 
it would have been the chemists who would have been most deeply 
interested, and who would have weighed the evidence and pro¬ 
nounced a decision. Yet judgment on the view, which was put 
forward more than fifteen years ago, on evidence in my opinion 
even then deserving of serious consideration, although accepted and 
universally adopted by the workers in the subject and by physicists, 
has gone by default so far as the majority of chemists are con¬ 
cerned. From the first, much of the most important evidence has 
been of a singularly simple and convincing chemical character. 


The Transmutational Character of Radioactive Change. 

If a chemist were to purify an element, say lead from silver, 
and found, on re-examining the lead at a later date, that silver 
was still present, and, again and again repeating the process, found 
always that silver, initially absent, reappeared, would lie not be 
forced to conclude that lead was changing into silver and that 
silver was being produced by lead ? It is because of the absence 
of evidence of this kind that the doctrine of the unchangeability 
of the elements has grown up. One positive example of the kind 
in question and that doctrine would be at an end. The con¬ 
clusion to which in 1902 Sir Ernest Rutherford and I were forced 
with regard to the element thorium was based on evidence of this 
direct and simple nature. Ry simple purification, by chemical 
and physical means, constituents responsible for the greater part 
of the radioactivity of thorium can be separated, and as often as 
they are separated they are regenerated at a perfectly definite 
and regular rate. One of these constituents, the emanation, is 
gaseous, and it can be separated from the thorium by no more 
elaborate means than by a puff of air. Certainly the actual 
quantity of thorium emanation is infinitesimal, but this did not 
hinder its complete chemical characterisation, for it was found to 
pass unabsorbed through every reagent tried, one or other of 
which would have absorbed every known gas with the exception 
of the gases of the argon family. The conclusion that the thorium 
emanation was a gas of the argon family produced by thorium, 
later extended to the similar gaseous products of radium and - 
actinium, was a purely experimental conclusion reached before any 
theory whatever as to the nature of radioactivity had been 
advanced. 

Another constituent responsible for part of the radioactivity wo 
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failed thorium-J. It .is left in the filtrate when a solution of 
thorium is precipitated with ammonia, although not when the 
thorium is precipitated hy other reagents, such as sodium carbonate 
or phosphate. After this removal, however, thorium-A re-forms in 
the thorium. Moreover, it is thorium-A, not thorium, that pro¬ 
duces the emanation. The latter in turn produces the non-volatile 
active deposit, in which the successive products, called thorium-A, 
-B, -G, and -D, are now recognised. The false interpretation of a 
similar phenomenon in the case of radium, before the radium 
emanation had been recognised, led to the view that inactive 
matter could be rendered temporarily radioactive by “ induction,” 
through contact with or association with radioactive matter. In 
the case of- thorium, the discovery of the chemical character of the 
thorium emanation rendered the nature of the phenomenon clear 
almost from the first. 

This, taken in conjunction with the atomic character of radio¬ 
activity, recognised hy Mme. Curie from the start, and with the 
fact that the law of radioactive change proved to be the same as 
- the law of unimolecular reaction, made the conclusion that the 
radio-elements were undergoing a series of successive changes, in 
which new elements are produced, of chemical and physical 
character totally distinct from those of the parent element, the 
only one capable of explaining the facts. 

Novel and unexpected as it was to find transmutation spon¬ 
taneously in progress among the radio-elements, the phenomena 
this explanation explained were equally novel and transcended 
what to a. generation ago would have appeared to be the limits of 
the physically possible. 

It is to pay chemistry a poor compliment to represent this con¬ 
clusion as in any way contrary to the established foundations of 
chemistry. If it had not been for the correct conception of the 
nature of chemical change, the clear distinction between atoms and 
molecules, and the conclusion that in all changes in matter hitherto 
studied the element and the atom of the element remain essentially 
unchanged, which we owe to the founders of chemistry, the 
character of radioactivity would not have been arrived at so 
quickly. On the other hand, if radioactivity had not been almost 
instantly recognised as a case of spontaneous transmutation, then, 
if you will, there would have been something radically wrong with 
chemistry and the training it affords in the elucidation of the 
metamorphoses of matter. 

With regard, however, to the various claims that have been made 
since that transmutational changes can he artificially effected, hy 
the aid of the electric discharge in gases or the rays from radium, 

b 2 
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1 have, always regarded the evidence in this field as capable of 
simple alternative explanation. Different investigators have 
obtained entirely opposite results, ami there is not that consensus 
of evidence one finds among those who have investigated radio¬ 
active change. 

In another direction there has been a tendency to underrate 
the unique and unparalleled phenomenon of radioactive change, 
and to connect what is entirely and solely a development of the 
new experimental science, of radioactivity, with the somewhat older 
isolation of the electron and the electronic hypotheses of the con¬ 
stitution of matter to which that discovery have given rise. For 
example, Sir J. J. Thomson in his Romanes Lecture, 1914, says: 

Since the electron can be got from all the. chemical elements we 
may conclude that electrons are a constituent of all the atoms. 
We have thus made the first step towards a knowledge, of the 
structure of the atom and towards the goal towards which since 
the time of Prout many chemists have been striving, the proof 
that the atoms of the chemical elements are all built up. of simpler 
atoms—primordial atoms, as they have been called." The removal 
of electrons from matter occurs in physical, chemical, and radio¬ 
active changes alike, exampled, respectively, by the electrification 
of a glass rod by friction, the ionisation of an electrolyte, by solu¬ 
tion, and by the j3-ray change of radioactive substances. ,It is 
only in the latter case, however, that the electron can be regarded 
as a primordial constituent and the change as transmutational. 
Even to-day it is in radioactive phenomena, and in these alone, 
that the limits reached long ago in the chemical analysis of matter 
have been overstepped and the Rubicon, which a century ago 
Prout vaulted over so lightly in imagination, lias actually been 
crossed by science. 


Ft rut and Second Phases of Development. 

Looking backward to the first recognition of the character of 
radioactive change in 1902, it is possible to distinguish broadly 
two phases. The first phase, concerned mainly with the dis¬ 
entanglement of the long and. complicated series of successive 
changes, commencing with the two primary radio-elements uranium 
and thorium, and including ultimately all the known radio- 
elements, added little to the conceptions of chemistry beyond the 
disturbing fact that the radio-elements, although in every other 
respect analogous to the ordinary elements, are in process of con¬ 
tinuous transmutation. But in the second and more recent phase 
of radioactive change, the study of the chemical character of the 
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successive products and the law connecting this with the type of 
ray expelled in the change, the discovery of elements with different 
radioactive hut identical chemical character, the recognition of 
these as isotopes, or elements occupying the same place in the 
periodic table, and the interpretation of the significance of the 
periodic law, conceptions are arrived at which are not merely 
novel, but upsetting. In this phase, an aspect of the' ultimate 
constitution of matter has been revealed that, although well within 
the scope of the conceptions of elements and atoms which we owe 
to the nineteenth century, nevertheless has totally escaped recogni- 
- ion. I am not much concerned with definitions, but I think the 
Chemical Society might safely offer a prize of a million pounds 
to any one of its members who will shortly and satisfactorily define 
the element and the atom for the benefit of and within the under¬ 
standing of a first-year student of chemistry at the present time. 


Chief Features of Radioactive Change. 

The features that distinguish radioactive change from chemical 
change, and which have made it possible in a few short years to 
reduce to some degree of finality aud completeness the intensely 
complicated series of successive changes suffered by the elements 
uranium and thorium in the course of their disintegration, are 
chiefly two. In the first place, the whole phenomena are inevit¬ 
able, incapable of being changed or deviated from their allotted 
course by any means whatever, independent of temperature*, con¬ 
centration, or the accumulation of products of reaction, the 
presence of catalysts, irreversible and capable of being accurately 
and” quantitatively followed without alteration or disturbance of 
the changing system. The mathematical theory, although for 
many successive changes it becomes cumbrous and unwieldy to a 
degree, involves only the solution of one differential equation by 
a‘ device quite within the compass of anyone possessing a know¬ 
ledge of the bare elements of the calculus to employ. The second 
feature is in the magnitude of the energy evolved, which, weight 
for weight- of matter changing,- surpasses that evolved in the most 
exothermic chemical changes known, from one hundred thousand 
to a million times. Manifested in the form of rays, by their 
fluorescent, photographic, or ionising power capable of being put 
Ddq^'ddeuce in almost inconceivably minute amount, changes are 
capable of being followed, aud by the electroscope accurately 
measured, which would conceivably require’to continue for millions 
of years before they could be experimentally detected by chemical 
or even by spectroscopic methods. The disintegration of the single 
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atom is ascertainable, for example, in the spinthariscope of Sir 
William Crookes, where each of the scintillations separately visible 
is due to the impact of a single a-particle on the zinc sulphide 
screen. On the same principle, methods have been developed and 
are in regular use for counting the number of atoms disintegrating 
per minute, whereas to the spectroscope at least 3'10 13 atoms as 
a minimum must be present, 25,000 times as many atoms as there 
are human beings alive in the world, before any element can be 
so detected. By the most curious compensation, almost of the 
nature of a providential dispensation which some may have found 
difficult to believe, the quantity of matter of itself is not of import¬ 
ance in investigating radioactive change. The methods depend 
on the rate of emission of energy, and this is proportional to the 
quantity of the changing element multiplied by its rate of change. 
In the disintegration series, the various members accumulate in 
quantities inversely proportional to the rates of change, and so it 
comes about that all changes within the series are equally within 
the scope of the method whether, as in the case of the parent 
elements, they involve periods surpassing the most liberal estimates 
of the duration of geological ‘time or, as in the case of the C' 
members, are estimated to run their course in a time so short that 
light itself can travel but a very few millimetres, before the next 
change overtakes the changing atom. 

The condition of radioactive equilibrium in which the quantities 
of the successive products assume the above stationary ratio is of 
course entirely different from chemical equilibrium, and is the 
condition in which for each member of the series except the first 
as much is produced as changes further in the unit of time. 

The foregoing applies so long as the changes continue. When 
they are finished and it is a question of ascertaining the ultimate 
products, the task may be likened to that of searching for a meteor 
which a moment before lit up the heavens and now has vanished 
into the night. 

The Ultimate Products . 

It is a matter for surprise that in all radioactive changes so far 
studied there appear to be only two ultimate products, helium and 
lead, the former constituting the o-particles and the latter being 
produced both by uranium and thorium, withal, as we now know, 
not the same lead in the two cases. There are sufficient experi¬ 
mental reasons for doubting whether the disintegration of an atom 
into more nearly equal parts would be within range of detection 
by any of the known methods. A heavy atom like oxygen, for 
example, if expelled as a radiant particle, might not attain 



ENLARGED BY THE STUDY OE RADIOACTIVE CHANGE. 7 

sufficient velocity to ionise gases, or, even if it did, the range over 
which the ionisation would extend, as we know from the ionisation 
produced by the recoil atoms, would be extremely small. It must 
be a matter for comment, however, that hydrogen never appears 
in these changes, as, if it were produced, it would almost certainly 
be as easy to ascertain as helium. It has always seemed to me a 
possibility that some genetic connexion may exist, after all, between 
thorium and uranium, although I have never been able to frame 
even a possible mode of so connecting these two elements. With 
a difference of atomic weight of six units, it is impossible to pass 
from one to the other by addition or expulsion of helium atoms 
alone. 

Both with regard to helium and lead, the composition of radio¬ 
active minerals gave the first clue to the identity of the ultimate 
products. After the discovery of radioactivity and the elucidation 
of its nature, the fact that helium was found only in minerals 
containing uranium and thorium assumed a totally new interpret¬ 
ation, borne out by the spectroscopic proof of the production of 
helium from radium by Sir William Ramsay and myself, and later 
from actinium, polonium, and even from uranium and thorium, 
all at the rates to be expected from radioactive data. The identifi¬ 
cation of the a-particle with helium, after the weight of the 
a-particle had been shown by new physical methods to be four 
times that of the hydrogen atom, was accomplished by enclosing 
the radium emanation in a glass tube thin-walled enough to allow 
the a-particle to go through, but perfectly impervious to the 
passage of gas. In these circumstances, helium in spectroscopic¬ 
ally detectable quantity was proved by Rutherford to make its 
appearance outside the tube. 

Such confirmations by the spectroscope, welcome and gratifying 
as they are, are nevertheless in a sense subsidiary to the main 
problem, namely, the task of unravelling the complicated series 
of changes into its individual steps, and the characterisation by 
their radioactivity of the several intermediate members of the series, 
such as by the determination of their periods and the physical 
constants of the radiation a-, 0-, or y-, to which they give rise. 
The determination of their chemical character, although equally 
important, was only later fully accomplished. 

The Radiations. 

In the successive radioactive changes, a- or /3-particles are ex¬ 
pelled, one a-particle per atom disintegrating for each change, 
although for the 3-particles our knowledge is less exact. In some 
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cases, certainly, although these are exceptional, j8-particles seem 
to he expelled along with a-particles. The a-particle is an atom 
of helium charged with two atomic charges of positive electricity, 
or, as we should now say, is the helium nucleus, deprived , of the 
two electrons which are combined with it in the helium , atom. 
The /3-particle is the negative electron, and when expelled'*jP4h 
sufficiently high velocity is accompanied with y-rays. The 1 fatter*, 
are X-rays of exceedingly short wave-length, varying from 1 * 3- to 
0'1 Angstrom units.* A connexion exists between the speed \of 
the change and the speed of the particles expelled, and the mor'-e 
rapid the change the faster in general and the .more penetrating * 
are the attendant a- or /3-particles. In the case of the a-particle, 
an empirical logarithmic relation, known as the Geiger-Nuttall 
relation, enables us to calculate approximately the period of the 
changing element from the velocity or range of the a-particle, and 
vice, versa, and by this means periods too long or too short to be 
directly measurable have been estimated. In the case of the 
/3-rays, no definite quantitative law has yet been made out, but it 
is clear that a similar relationship must exist. One of the 
important corollaries is that changes much slower thau the slowest 
known, namely, those of uranium and thorium, would probably 
not be detectable, as, even were a- or /3-particles expelled, they 
would be of too low velocity probably to ionise gases or show 
fluorescent or photographic actions. Indeed, for mesothorium-7 
and actinium this appears to be the case. No detectable radiation 
is expelled, although the products conform to what would occur 
in /3-ray changes. The period of both substances is long, and it 
is probable that the /3-partiele is expelled, but is undetectable by 
ionisation methods. For the slowest 3-ray change, that of 
radium-D, with a period of twenty-four years, the 3-radiation is 
of such low velocity as to be only capable of detection by special 
care, and is far less penetrating- than average a-rays. These facts 
serve to show that changes may be going on in tho non-radioactive 
elements which at present are beyond experimental means of 
detection. 

Period of Average Life. 

The law of radioactive change, which is the same for all cases, 
is that of unimolecular reaction, the rate of change, or quantity 
changing in unit of time, being a fraction, designated by A and 

* The shortest wave-length so far resolved by the crystal reflection method 
is 0-072 A. in the spectrum of the y-rays of radium-6'. Ishino and Rutherford 
have recently concluded, however, that tho main y-radiation of radium-6' 
must have a wave-length lying between 0 02 and 0-007 A. (Phil. Mag., 1017, 

[ vi], S3, 120; 34, 150.) 
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known as the radioactive constant, of tin* amount, present. The 
value of A, although vastly different, for different radio-elements, 
is an absolute constant, so far as is known, for any one element, 
independent of every consideration whatever. The period of 
average life is the reciprocal of this constant, but the actual life 
of any one atom may assume any value. This is an experimental 
fact very difficult to account for. For example, it is quite easy 
to compare the value of A for a collection of atoms (1) only just 
produced and not in existence a short interval before, and (2) 
that have remained undistinguished from an originally very much 
greater number, and each of which has been in existence many 
times the period of average life. In both cases the value of A is 
the same. This fact excludes from consideration as a conceivable 
cause of disintegration any gradual progressive alteration in the 
atom during its period of existence, as, for example, was at one 
time suggested, a gradual radiation of internal energy by the 
electrons in their orbits within the atom. So far, we must admit, 
the cause of atomic disintegration remains unknown, although 
Lindemann (Phil. Mag., 1915, [vi], 30, 560) has attempted, with 
some success, to frame a theory to account for it. 


Branch Series. 

The development of the various radioactive sequences revealed 
that sometimes the series branches, and that in the change of one 
radio-element sometimes two products result, in general, in 
different amounts. Thus the uranium series at one point branches 
into the radium and actinium series, in proportion 92 to 8 out of 
100 atoms disintegrating. Again, in the case of radiuimC' and 
thorium~(7 a similar branching occurs, and here in one branch an 
ct-ray change is followed by a jB-ray change, and in the other branch 
the sequence is reversed. These cases are sufficiently explained if 
it be supposed that two simple radioactive changes are in progress 
in the same substance simultaneously, and that each obeys the 
law of simple change as though the other did not occur. The 
distribution of the original substance into the two products is 
then proportional to the relative rates of the two changes. If 
Aj and A 2 are the radioactive constants of the two changes, the 
proportion between the two products is as Aj to A a , and the constant 
of the double change as a whole, Aj + A 2 . For thorium-<7, the ratio 
is as 65 to 35, but for radium-(7 99 - 97 to 0‘03. The first is 
relatively easy, but the second extremely difficult to follow experi¬ 
mentally. It is, for example, impossible to follow further what 
occurs to the minor branch owing to the minuteness of the quantity 

B* 
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of material, and although this has to be represented as not. further 
changing, we have only negative evidence U> go on. This 
branching is very important as showing how from one element- two 
products or more in very different quantity may result, and may 
be the explanation of the excessive rarity of certain of the elements 
in nature. 

History of the Analysis of Matter, 

The second, and in many respects even morn revolutionary phase 
in the development of the study of radioactive change arose out 
of the chemical characterisation of the successive products, hut 
some historical comment, on the various influences which have gone 
to shape the current conception of the chemical element may he 
of interest before dealing with this development. 

The analysis of matter into different chemical elements was at 
first concerned with known materials obtainable in abundance. 
The question, then, was not as to- the existence or otherwise of 
certain elements, but whether certain thoroughly well-known sub¬ 
stances were elements or compounds. Boyle’s original celebrated 
definition was a purely practical one. That was to be regarded 
as elementary which could not by any means be separated into 
different substances. Almost at once, however, there crept into 
the interpretation of this conception two fallacies, or two aspects 
of the same fallacy, implicit in all the later characterisations of 
the elements, right up to the present time, namely, first that, 
chemical analysis was necessarily the most fundamental and search¬ 
ing kind of material analysis, known or to he discovered, and, 
secondly, that chemical compounds were necessarily more difficult 
to resolve than simple mixtures. Any means soon came to mean 
any chemical means, and the element, in consequence, the chemical 
element. So was taken the first step which ultimately was to 
make the term chemical element , as it is at present understood, 
denote a definite but highly complex chemical conception, incapable 
of being defined or even understood without long years of training 
in the science, and totally different in every single respect from 
what a plain man or a beginner in the subject might reasonably 
suppose the term element ought to connote. The elementary and 
even the homogeneous character has departed from the conception 
of the chemical element, but the conception remains, and, what¬ 
ever we choose to call it, will remain. The criterion of the chemical 
element soon came to be, in fact, the possession of a unique 
chemical character, distinguishing it and sufficing for its separation 
from all .other elements. To this Dalton added a hew criterion, 
the magnitude of the weight of the atom of the element, and each 
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element, unique in chemical character (as it. happened) proved 
also to possess a unique atomic weight. 

The discovery of the periodic law introduced the idea of families 
of chemically analogous elements, the members of which recurred 
after regular intervals when the elements were arranged in order 
of atomic weight. With the exception of hydrogen, every element 
became one of a group all totally distinct, but with obvious simi¬ 
larities. Boyle’s practical definition of the element as that which 
conld not he further resolved, more and more, as the century 
advanced, fell into desuetude. It became replaced by a theoretical 
conception, to which subsequently I propose to apply the term 
“heterotope,” meaning the occupant of a' separate place, in the 
periodic table of elements. With this place came to be associated 
the unique chemical character, unique atomic weight, and later 
unique spectrum. On the claims of a substance to the title of 
element, as in settling disputes as to what multiple of the equi¬ 
valent was to be adopted as the atomic weight, the periodic law 
became the court of appeal. Did a claimant to the title of element 
fit into, a vacant place in the family of related elements? If it 
did, not only was there no doubt as to its atomic weight, but it 
certainly could scarcely be an ordinary compound or mixture. 
Whatever the elements were, it was clear that they were all of a 
class, the limits of chemical analysis, and, if complex, then all 
probably of the same kind of complexity. 

Incidentally, also, the periodic law showed that although there 
was a connexion between atomic weight and chemical character, 
there were exceptions, like tellurium and iodine, where the atomic 
weights appeared to have been reversed. This made it perfectly 
plain that it was merely a chance that no two elements happened 
to possess the same atomic weight. Dalton, as we shall come to 
describe, discovered in the atomic weight not merely a new atomic 
property, but a new class of atomic property which, until the 
present century, remained the only one of the kind known, and is 
concerned with a different region of the atom from that to which 
physical and chemical character, position in the periodic table, 
spectrum, and other identifying characteristics are to be referred. 

The discovery of spectrum analysis led to-the recognition of 
many new elements, caesium and rubidium, thallium, indium, 
helium, and gallium all being so recognised before anything at 
all was known as to their other properties. In each case unique 
spectrum was later found to correspond with unique chemical 
character—except for the argon gases, all characterised by absence 
of chemical character—and unique atomio weight. 

Again, the first fruits of the discovery of radioactivity were the 

B* 2 
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recognition of the new elements polonium, radium, and actinium 
by their unique radioactive character in the first place. Then, in 
the case of radium, its claim to the title of element was confirmed, 
first hy its exhibiting a unique spectrum, then by its possession of 
unique chemical character and atomic weight and by its occupy¬ 
ing a vacant place in the periodic table. The emanations, next, 
as occupying a place in the family of argon gases, were easily 
characterised, and for the radium emanation unique spectrum 
was proved. Its origin from radium by loss of one a-particle gives 
the atomic weight as 222, which agi v ees with determinations of its 
density and rate of diffusion. The chemical characters of 
polonium and of actinium are different from those of the elements 
they most closely resemble. Polonium, or radium-? 1 ', by its close 
chemical analogy to both bismuth and tellurium, was characterised 
as an element of the sulphur family occupying the vacant place 
contiguous to bismuth. Actinium, by its resemblance in chemical 
character to the rare earths, and especially to lanthanum, although 
capable of being' concentrated fractionally from that element, was 
reasonably supposed to occupy the vacant place in Group LIT, 
between radium and thorium. As will later appear evident, both 
these elements in due course may he expected to show unique 
spectra. 

Further progress in the elucidation of the chemical character 
of successive products then underwent an abrupt and, at first, 
very puzzling change of direction. As member after member in 
the series was distinguished and characterised by its unique radio¬ 
active character, by its disintegration in definite and characteristic 
ways at definite and characteristic rates, no further chemically 
new elements were discovered. Unique radioactive character dim 
not, always, as it, did with radium, imply unique chemical and 
spectroscopic character. The new members resembled known 
elements in chemical character so closely that they could not he 
separated from them by chemical analysis, although, sharply 
differentiated from them by the radioactive properties. Radio¬ 
lead or radium-2? cannot be separated from the lead which, being 
a product of uranium, accompanies it always in uranium minerals. 
Ionium, the direct parent of radium, cannot be separated from 
thorium; hut the most instructive case, historically, which shows 
well how the new method of radioactive analysis serves to dis¬ 
tinguish different elements, where chemical analysis fails, was the 
case of radiothorium. 
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Chemically Non-separable Elements. 

Ramsay ancl Halm, in the course of working up a large quantity 
of thoriauite for radium, observed in fractionating the radium 
from the barium in the usual way that the activity of the material 
concentrated at both ends of the fractionation. The activity 
accumulating in the more soluble fractions was due to a new pro¬ 
duct,. which they termed radiothorium. It produces thorium-A', 
the thorium emanation, etc., in successive changes. Naturally 
enough, they thought they had separated radiothorium by chemical 
processes from thorium, but they had not, for that, as we know, 
is quite impossible. Then Hahn found along with the other end 
fraction, containing the radium, a further new product, .meso¬ 
thorium, which is intermediate between thorium and radiothorium. 
The radiothorium they had separated from thoriauite was not 
that present in the mineral when they started, but that which 
had re-formed from the mesothorium after it had been separated 
from the thorium in the mineral. Could any more elegant 
extension, not merely of knowledge, but of the means of obtaining 
knowledge, be imagined ? Two different elements, thorium and 
radiothorium, which on account of their chemical resemblance could 
not be individually recognised, and in the original interpretation 
of the thorium disintegration series were taken as one, became 
individually knowable, because the latter is the product of the 
former through the intermediary of a third member, mesothorium, 
possessing chemical properties totally unlike either. Radioactive 
change thus became the means of a new analysis of matter, for 
which there is no counterpart outside the radio-elements. 

In turn, mesothorium suffered analysis into two* successive pro¬ 
ducts, mesothorium -1 and - 2 , the first distinguished by long period 
of life and a rayless disintegration into' the second, which has a 
short life and gives powerful j3- and 7 -radiation in its change into 
radiothorium. 

I then found that mesothorium -1 was chemically 11011 -separable 
from radium, a discovery also made by Marckwald at the same 
time, and in 1911 I pointed out that in an a-ray change, such as 
ionium into radium, radium into emanation, thorium into meso- 
t-horium- 1 , and other cases, the expulsion of the a-particle causes 
the radio-element to shift its place in the periodic table by two 
places in the direction of diminishing mass and diminishing 
valency, whereas in successive changes in which o-particles are not 
expelled, it frequently reverts to its former position, as, for ex¬ 
ample, radiothorium from mesothorium and lead from radio-lead. 

To those actually engaged, in the task of trying to separate the 
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successive products of radioactive change by chemical analysis, it 
soon became clear that the chemical resemblances disclosed between 
certain of the members was such as to amount to chemical identity. 
The most obstinate cases of similarity previously known, among 
the rare earths, for example, cannot he compared with them. In 
all cases, radioactive methods afford the most delicate means for 
detecting the least alteration in the concentration of the con¬ 
stituents, and the most prolonged and careful attempts fail to 
produce a detectable separation. 

At my request, Fleck undertook in my laboratory a systematic 
chemical examination of all the members of the series still 
imperfectly characterised, from the point of view of first finding 
which known element they most resembled and then finding 
whether or not they could be separated from that element. His 
researches were the means of finally unmasking the extreme 
simplicity and profound theoretical significance of the process of 
* radioactive change. All the members of the series so far 
chemically uncharacterised he found to he chemically nou-separable 
from one or other of the known elements, mesothorium-2 from 
actinium, radium -A from polonium, the three j?-members and 
radium-D from lead, the three (7-members and radium-7? from 
bismuth, actinium-7) and thorium-7) from thallium. 


Radioactive Change and the Periodic Law. 

In February, 1913, EL. Fajans in Germany, from electrochemical 
evidence, and in this country A. S. Russell and I independently, 
from Fleck’s work, pointed out the complete generalisation which 
connects chemical character and radioactive change. In addition 
to the shift of two places in the periodic table caused by the 
expulsion of the a-particle, it was now clear that the expulsion of 
the /3-particle caused a shift of one place in the opposite direction. 
Since the a-particle carries two atomic charges of positive electricity 
and the /3-particle one atomic charge of negative electricity, the 
successive places in the periodic table must thus correspond with 
unit difference of charge in the atomic structure, a conclusion 
reached later for the whole periodic table, as far as aluminium, as 
the result of Moseley’s investigations on the frequency of Barkla’s 
characteristic X-radiations of the elements. 

The non-separable elements, with identical chemical character, 
on this scheme were found all to occupy the same place in the 
periodic table, and on this account I named them isotopes. Con¬ 
versely, the different, elements recognised by chemical analysis 
should be termed ''listeratopee/’ that is, substances occupying 
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separate places in the periodic table, but themselves mixtures, 
actually proved or potential, of different isotopes, not necessarily 
homogeneous as regards atomic weight and radioactive character, 
but homogeneous as regards chemical and spectroscopic character, 
and also physical character, so far as that is not directly dependent 
on atomic mass. 


Spectra of Isotopes. 

As regards the spectrum, the first indication that chemically 
non-separable elements probably possessed identical spectra arose 
out of the failure of Bussell and Bossi and of Exuer and Haschek 
in 1912 to detect any lines other than those of thorium in the 
spectrum of ionium-thorium preparations that might reasonably 
be supposed to contain an appreciable, if not considerable, per¬ 
centage of ionium. The work of Honigschmid on the atomic 
weight of ionium-thorium preparations has fully confirmed this 
view. The isotopes of lead of different atomic weight separated 
from uranium and thorium minerals have been found to possess 
identical spectra. For this element, lead, Butherford and Andrade 
have shown that the secondary y-radiation excited by the impact 
of j8-rays on a block of ordinary lead gave by crystal reflection 
two lines identical in wave-length with the two strongest lines in 
the y-ray spectrum of radium-B, an isotope of lead, as Fleck 
showed, of atomic weight 214. This is of importance as indicating 
that A'-rays and y-rays, although no doubt originating in a deeper 
region of the atom than the ordinary light spectrum, do not 
originate in the deepest region of all to which the weight of an 
atom and its radioactive properties are to be referred. 

Description of the Figure . 

The generalisation, brought up to date, is set forth in the 
accompanying figure, which is to be read at an angle of 45°, 
making the lines of atomic weight horizontal and the division 
between the successive places in the periodic table vertical. Start¬ 
ing from uranium and thorium, the series run in an alternating 
course across the table and extend over the last twelve places as 
far as the element thallium. At this point, it is interesting to 
note that the expulsion of an a- instead of a /J-particle would have 
resulted in the production of an isotope of gold, and so literally 
have realised, the goal of the alchemist. As it happens, a 
-par tide is expelled and lead results, so far as the changes have 
yet been traced, in all cases as the final product. 

It has been neceesBry, in order to separate the series from one 
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another, to displace the actinium series to the right and the radium 
series to the left of the centre of the places, blit this displacement 



within the single place is not intended to .express any physical 
significance; but for the fact that many members would be super- 
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imposed, they would all be represented in the centre of the places. 
The periods of average life, which are always T443 times the 
periods of half-change, are shown for each member above or below 
its symbol, a ? indicating that the period is estimated indirectly 
from the Geiger-Nuttall relation. 

The figures at the head of each place represent the atomic 
numbers or number of the place in the periodic table, starting 
with hydrogen as unity, helium as 2, lithium as 3, and so on. 
Moseley found that the square-root of the frequency of the charac¬ 
teristic X -radiation of an element was, for the K -series of radia¬ 
tions, proportional to integers less by one than the atomic numbers. 
Strictly speaking, there is no means of determining the absolute 
value of the atomic number, but the starting point having been 
fixed for any one element, the others can then be found in terms 
of it. Moseley assumed the atomic number of aluminium as 13, 
as it is the thirteenth known element in the list starting with 
hydrogen as unity. It is unlikely that any new elements will he 
discovered between hydrogen and aluminium,* although if they 
were it would be necessary to alter the whole of the subsequent 
atomic numbers to correspond. For .X-radiations of the other 
series, the square-roots of the frequencies are not proportional to 
integers even, although the differences are nearly integral for 
successive elements in the periodic table. The actual numbers in 
the figure, 92 for uranium, for example, are derived from the 
assumption that the atomic number of aluminium is 13, but it is 
well to remember that, although relatively to one another based 
on experimental evidence, the absolute value is to some extent 
arbitrary. 


The Chemical Character of the Radio-elements. 

The simple connexion between the sequence of radioactive 
changes and the chemical character of the products has effected 
an enormous simplification, not only in the theory, but also in the 
practice of radio-chemistry. The series extends over twelve places, 
two, namely, those in the families of the halogens and the alkali 
metals, being entirely skipped. In the ten occupied places are 
forty-three distinct types of matter, but only ten chemical 
elements. Seven of these ten, thallium, lead, bismuth, emanation, 
radium, thorium, and uranium, can now in every respect be con¬ 
sidered, both chemically and spectroscopically, thoroughly well 

4 The position of the stellar elements of Prof. Nicholson i t is unnecessary 
to consider here, as the Chemical Society is shortly to be given a first-hand 
account of this fascinating question, 
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known. These seven places accommodate all but nine of the known 
radio-elements, and these nine, the isotopes of polonium, actinium, 
and ekatantalum, respectively, are the only members the chemistry 
and physics of which cannot be referred to well-known elements 
.obtainable in sufficient quantity for ordinary chemical and spectro¬ 
scopic examination. 

Of these three, polonium, although the element of which at 
present the chemistry is best known, is likely to remain the most 
difficult to bring into line with the others, for, although a vast 
amount of exact information has been obtained as to its reactions, 
it would seem to remain hopeless ever to obtain it in anything but 
infinitesimal amount owing to its relatively very short period. 

The chemistry of actinium has been enormously simplified by 
the discovery that mesothorium-2 is isotopic with it, for the latter 
may be used as an indicator to show in what way the actinium 
distributes itself after any chemical treatment. Owing to its 
relatively small quantity as. a branch product and to the fact that, 
itself, it gives no rays, the characteristic radioactivity of its pro¬ 
ducts only making their appearance slowly after it has been 
separated, actinium has always been a difficult element to extract 
from the mineral and very easy to lose in chemical operations. 
There is now, however, another reason which will assist in the study 
of this element. 


The Origin of Actinium. Ekatantalum. 

The generalisation has now led to the elucidation of its origin 
and the discovery of its direct parent. From its constant associa¬ 
tion with uranium minerals, and the relative activity therein of 
its products in comparison with the activity of those of radium, it 
was considered to be a branch product of the uranium series, only 
8 per cent, of the atoms of uranium disintegrating passing through 
the actinium series and 92 per cent, through the radium series. 
Its definite location in the periodic table, by virtue of its isotopy 
with mesothorium-2, made it elear that its parent must either be 
in the radium or the ekatantalum place, the former if it is pro¬ 
duced in a /3-ray change and the latter if it is produced in an a-ray 
change. 

The ekatantalum place was vacant when the generalisation was 
first made, but it was necessary to suppose that uranium-X, like 
mesothorium, comprised two successive products, uranium-Xj and 
uranium-X 2 , both giving /3-rays, and the latter occupying the 
vacant pla'c© in question. This prediction was confirmed within a 
few weeks of its being made by the discovery, by Fa j a ns and 
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Gohring of uranium-X 2 , or brevium, a new member responsible 
for the more penetrating /3-radiation given by uranium-X, and 
having a period of only 1'65 minutes. The possibility that 
actinium was produced in a /3-ray change from an isotope of radium 
was experimentally disproved, and there remained only the second 
alternative, which was rendered the more probable by the existence 
of a member, uranium- 7, discovered by Anton off, isotopic with 
uranium-X^ and simultaneously produced with it from uranium 
in relative quantity such as is to be expected, if it were the first 
member of the actinium series. Uranium-l r , like uranium-XT 1 , 
gives soft /3-rays, and hence its unknown product must be the 
isotope of uranium-X 2 , and might also well prove to be the un¬ 
known direct parent of actinium in an a-ray change of long period. 

During the year the missing element has been found in two 
independent investigations (Soddy and Cranston, Proc. Roy . Soc. } 
1918, [X], 94, 384 ; 0, Hahn and L. Meitner, Physihal, Zeitsch., 
1918, 19, 208). The problem as it presented itself to us was so 
to treat a uranium mineral as to separate an element, if present, 
which possessed the chemical character of the known hut hope¬ 
lessly short-lived uranium-X 2 , using the latter as an indicator in 
trying possible methods beforehand. The method adopted, dis¬ 
tillation at an incipient red heat in a current of carbon tetra¬ 
chloride vapour and air, was found to be very effective in 
volatilising uranium~X 2 * from uranium-Xj, and when applied to 
pitchblende it was found to give a product in which none of the 
known pre-emanation members of the disintegration series were 
present. Thus was obtained a preparation from which actinium 
was at first absent, but which, with the lapse of time, continuously 
generated actinium, as characterised beyond the possibility of 
doubt by means of its active deposit. 

It should be mentioned that the exact point at which the 
uranium series branches has not yet been definitely ascertained, as 
there is a choice of alternatives, at present experimentally indis¬ 
tinguishable. Uranium -T may be either the product of uranium-/ 
or of uranium-//, and the latter alternative, which is that shown 
in the figure, is taken for the present as likely to be on the whole 
the more probable. The point can only be settled by the deter¬ 
mination of the atomic weight of ekatantalum or actinium. 

Independently; Hahn and Meitner obtained the parent of 
actinium from the insoluble siliceous residues left after the treat¬ 
ment of pitchblende with nitric acid by adding tantalum, and 
then separating it and purifying it by chemical treatment. They 
showed that it gave a-rays of range 3■ 314 cm. of air at JV.T.P 
and, from this range, estimate its period, to be from 10 s to■ 2"10* 
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years. There should therefore be sufficient of the element in 
uranium minerals to enable the spectrum, atomic weight, and 
chemical character of the pure substance to be determined in the 
same way as for radium. Its separation on a large scale will 
eiiable actinium itself to be grown in a pure state, analogously to 
.the preparation of radiothorium from nresothoriuin, and so should 
allow the spectrum at least of actinium to be found. 

With regard to the period of actinium, there is at present a real 
conflict of evidence, and so it is impossible to say whether our 
knowledge of actinium is ever likely to become as complete as that 
of radium, or to remain, like that of polonium, confined to what 
can be learned from infinitesimal quantities. Cranston and I, on 
certain assumptions, concluded from indirect evidence that the 
period of actinium was 5000 years, but TIahn and Meitner, on the 
other hand, state that they have obtained evidence confirming 
Mine. Curie’s provisional estimate of the period as about thirty 
years, from the direct observation of the decay of the radiations 
of a sealed actinium preparation. 


Atomic Weight of Isotopes. 

It is clear that the periodic law connects, not primarily chemical 
character and atomic weight, but chemical character and atomic 
charge or atomic number, which alters its’ value by integers, not 
continuously, producing the step-by-step changes in chemical 
character which is at the basis of the analysis of matter into the 
chemical elements, or heterotopes. This atomic number is, how¬ 
ever, the algebraic sum of positive and negative charges, so that 
the loss of the a-particle with its two positive charges and of two 
negative electrons as /3-partides leaves its value unchanged and 
produces an isotope of the element having an atomic weight four 
units less than the original. Unique chemical character and 
unique spectrum reaction is no proof of homogeneity, and so we 
arrive at the conclusion that the chemical elements, so "far con¬ 
sidered homogeneous, may be mixtures of isotopes, possessing 
different atomic structure and stability, revealed when they 
undergo radioactive change, and in some cases also different atomic 
weight. This, although within the scope of the Daltonian analysis 
of matter to detect, nevertheless, until radioactive investigations 
revealed this possibility, remained overlooked. In two cases, that 
of the isotopes of lead on the one hand, and of ionium and thorium 
on the other, this difference of atomic weight in elements spectro¬ 
scopically and chemically identical has now been established by 
direct determinations, , . 
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The. figure shows that, so far as these changes have been'followed, 
they all terminate in. the place occupied by lead, and, if this is the 
real, as distinguished from the apparent end in all cases, all the 
ultimate products are isotopes of lead with atomic weight between 
210 and. 206. The product of radium-6' 2 , in. the branch claiming 
only 0*03 per cent, of the. whole ultimate product of radium, with 
atomic weight 210, may be left out of account as being negligible, 
and also the product of the actinium branch for which the atomic 
weight is still uncertain; but the main products, namely, that of 
uranium with atomic weight 206, and both the thorium products 
in the two branches, with atomic weight 208, are different in 
different directions from that of common lead with atomic weight 
207*2. 

The conclusion that the ultimate product of thorium, as well 
as of uranium, was lead, was quite new and opposed to the opinion 
of those who had made a special study of the Pb/TJ and Pb/Th 
ratios of radioactive minerals of various geological periods. I 
found, however, that the atomic weight of the lead separated from 
Ceylon thorite was 207*7, and Honigschmid confirmed this with a 
specimen of my material and obtained the figure 207*77. Just 
recently, 1 from a specimen of lead separated from a Norwegian 
thorite by Fajans and his co-workers, he has found the valtTe 
207*90 (Zeitsch. Elcktroc.hem., 1918, 24, 163). Whereas the same 
investigator, and also T. W. Richards and others, have found 
values for the atomic weight of lead separated from uranium 
minerals all lower than that of common lead, and in two cases 
from carefully selected minerals between 206*0 and 206*1. I found 
rny thorite lead was denser than common lead in the same pro¬ 
portion as its atomic weight was greater, and the densities of the 
various specimens of uranium lead have been found by Richards 
to be less than that of common lead, the atomic volume for all 
varieties being constant. The spectra of these various isotopes 
have been repeatedly examined, but hitherto no differences what¬ 
ever have been established.* 

The atomic weight of a mixture of ionium and thorium was 
found by Honigschmid to be 231*51 as compared with 232*12 for 
thorium, the spectra being identical and impurities absent in both 
specimens. The calculated value for the atomic weight of ionium 
is 230, and the evidence, so far as it yet goes, is in accord with 

* Haskins and Aronberg (Proc. Nat . Acad. Sci ., 1917, 3, 710), for ordinary 
lead and uranio-lead of atomic weight 206-34, examining the strongest line, 
4058, in the sixth order of spectrum obtained by a 10-inch grating, observed 
a constant difference of 0-0043 A., but are themselves disposed to await 
further results before drawing any conclusions. ' 
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the view that, in the mixture examined, about 3D per rent, was 
ionium ami 70 per cent, thorium. By a simple comparison of tin* 
emanating - power of the mixture with that of the pure thorium 
preparation under similar conditions, the proportion of ionium 
to thorium could he readily determined directly, since ionium does 
not give an emanation, and this unknown eliminated, hut this has 
still to he done. 


The Different Varieties of Isotopes and Iletemtopes. 

When isotopes, such as those just considered, possess different 
atomic weights, it is to be expected, although this has not yet 
been practically accomplished, that a separation by physical means, 
such as prolonged fractional diffusion, ought to he possible. 
Chlorine and other elements, the atomic weights of which .depart 
largely from an integral value, seem to deserve a further physical 
analysis by this method. Sir J. J. Thomson’s positive-ray method 
of gas analysis ought to be able to detect such isotopes of different 
atomic weight without separation, and at one time it seemed that 
neon had been so resolved, but this has not yet been confirmed.* 
It would be interesting also if the rotation of the salts of some 
.optically active acid with different varieties of lead, separated 
from uranium and from thorium minerals, were examined. A 
difference is to be expected, although it is likely to he small, and 
possibly may be too minute to be detectable. Recent experiments 
at Harvard have shown that the refractive index of a crystal of 
lead nitrate is independent of the atomic weight of the contained 
lead, but the solubility, as is to be expected, is different, the molar 
solubility of different varieties being the same. 

Isotopes need not, however, have different atomic weights. One 
of the clearest cases is in the two end-products of thorium, but, if 
the scheme is correct as regards the branching point of the actinium 
series, ionium and uranium- T, actinium-d and radium-#', 
actinium-# and radium-#, actinium-5 and radium-5, and the 
actinium and uranium isotopes of lead, are other cases. These 
result by branchings of the series, and, since in the respective 
branches the amount of energy evolved in the successive changes 
is different, the internal energy of the various pairs must be 
different, although for them atomic weight as well as spectroscopic 
and chemical character are all identical. I recently suggested in 
the case of the two end-products of thorium that possibly only one 
of these survives in geological time, namely, that produced in the 

* Mi% Ashton tells me this work is still being actively prosecuted at the 
Cavendish Laboratory. 
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smaller quantity, and that- the other continues to break up in 
changes as yet, undetected (Royal Institution Lecture, May 18th, 
'1917 ; Nature., 191.7, 99, 414 and 433). This would account, for the 
relative poverty of thorium minerals in lead, which was the original 
basis for the conclusion that lead was not the ultimate product of 
thorium. The point still remains experimentally untested. Iso- 
baric isotopes of the character in question can only at present be. 
distinguished if they are unstable and break up further, but they 
must be taken into, account in any theoretical conception we form 
of the ultimate structure of matter. The accomplishment of 
artificial transmutation would reveal them if they existed, and the 
discovery of any new property, like radioactivity, concerned with 
the nucleus of the atom rather than its external shell, might also 
be the means of revealing differences of this character. 

On-the other hand, the production of isobaric heterotopes is the 
ordinary consequence of j3-ray changes, single or successive. Such 
heterotopes, possessing different chemical and spectroscopic 
character but the same atomic weight, have been recently termed 
'isohares by A. W. Stewart (Phil. Mag., 1918, [vij, 36, 326), who, 
following Fleck’s work on the chemical resemblance, not amount¬ 
ing to non-separability, between quadrivalent uranium and 
thorium, has drawn a parallel between them and elements exist¬ 
ing in more than one state of valency, as, for example, ferrous 
and ferric iron. 

The extent to which the study of radioactive change has enlarged 
the conception of the chemical element may be summarised by the 
statement that now we have to take into account in our analysis 
of matter, not only the heterobaric heterotopes before recognised, 
but also heterobaric and isobaric isotopes and isobaric heterotopes 
or isobares. 


The Nuclear Atom.. 

I have attempted to present the most important facts of radio¬ 
active change without introducing any theory or hypothesis at all 
as to the structure of the atom. I think it important to keep the 
two matters distinct. Our knowledge of electricity, which in its 
modern phase may be considered to start from the relatively recent 
discovery of the electron, is still far too imperfect to enable any 
complete theory of atomic structure to be formulated. My task 
would he incomplete, however, if I did not refer briefly to the 
nuclear atom of Sir Ernest Rutherford, which may be regarded 
as the logical descendant of the earlier electronic atom of Sir J. J. 
Thomson. The weakness of the latter was that it took, account 
essentially only of the negative electrons,, and its attempt to ascribe 
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the whole maw of the alum to these nearly massless particles in¬ 
volved the supposition that, a single atom may contain hundreds of 
thousands of electrons. The actual number is now known to he rather 
less, as an average, than half the numerical value of the atomic 
weight, Although, unsatisfactory in accounting for the mass of the 
atom on an electronic basis, it was much more in line with present 
views in accounting for chemical character and the arrangement of 
elements in the periodic table. The root idea that the successive 
elements in the table are distinguished by the increment of one 
electron in the outermost electronic ring, followed, as period 
succeeds period, by the completion of this ring and the formation 
of a new external one, so. that members of the same chemical 
family have similar external ring systems, is still the most prob¬ 
able view yet advanced. In conjunction with the conception of 
the nucleus and the gradual unravelling of the various series of 
characteristic X-radiations, both experimentally and by mathe¬ 
matical analysis, it bids fair soon to give a definite concrete picture 
of the structure of all the different elements (compare L. Vegard, 
Phil. Men/., 1918, [vi], 35, 293). 

As regards the deepest region of atomic structure, wherein radio¬ 
active phenomena originate, the nuclear atom is the only one pro¬ 
posed that has any direct experimental foundation. It is based on 
the deflections suffered by the a-particle in its passage through the 
atoms of matter, on the one hand, as Bragg showed many years 
ago, on the exceedingly slight deviation of the overwhelming 
majority of the a-particles, and, on the other, on the subsequently 
discovered large deviations suffered by a minute proportion. The 
nuclear atom is a miniature solar system, like, most model atoms, 
the negative electrons occupying the atomic volume by their orbits 
around a relatively excessively minute central sun or nucleus, 
wherein the atomic mass is concentrated, and consisting of an 
integral number of atomic positive charges equal to the atomic 
number of the element, and the number of electrons in the outer 
shell. An a-particle is the nucleus of the helium atom, and, unless 
it passes very near the nucleus of the atom through which it pene¬ 
trates, its path is practically undetected. The few that chance 
to pass close to the exceedingly small but massive central nucleus 
are swung out of their path like a comet at perihelion, save that 
the forces at work are regarded as repulsive rather than attractive. 

It appears from radioactive change that atomic disintegration 
occurs always in the central nucleus, both a- and ^-particles 
originating therein. The atomic number of the element is its 
nett nuclear charge, the difference between the positive and 
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negative charges entering into its constitution. Of all properties, 
mass and radioactivity alone depend on the nucleus; the physical 
and chemical character and the spectrum of an element originate 
in the outer shell. The character of the outer shell is fixed by 
the nett charge, not at all by the mass or internal constitution 
of the nucleus, and the integral variation of this charge from 1 
to 92 gives the successive places of the periodic table. Expulsion 
of two d- and one a-particle in any order gives an isotope of the 
original element with atomic weight four units less. Isobaric 
isotopes resulting in branch changes differ only in the internal 
structure and stability of the nucleus. The atomic mass is the 
only nuclear property known before the discovery of radioactivity, 
and, except as regards this, the whole of physics and chemistry up 
to the close of the nineteenth century had not penetrated beyond 
the outer electronic shell of the atom. Even now, mass and radio¬ 
activity remain the sole nuclear properties known. 


Conclusion. 

Nemesis, swift and complete, has indeed overtaken the most 
conservative conception in the most conservative of sciences. The 
first phase robbed the chemical element of its time-honoured title 
to be considered the ultimate unchanging constituent of matter; 
but since its changes were spontaneous and beyond the power of 
science to imitate or influence to the slightest degree, the original 
conception of Boyle, the practical definition of the element as tlic 
limit to which the analysis of matter had been pushed, was left 
essentially almost unchanged. 

The century that began with Dalton and ended with the dis¬ 
coveries of Beequerel and the Curies took the existing practical 
conception of the chemical element and theorised it almost out of 
recognition. The element was first atomised, and then the atom 
was made the central conception of the theory of the ultimate 
constitution of matter, on which modern chemistry has been 
reared, and from which its marvellous achievements, both practical 
aud theoretical, have mainly sprung. The atom and the element 
became synonyms, related as the singular to the plural, and implicit 
throughout this century was the assumption that all the atoms of 
any one element are identical with one another in every respect. 
The only exception is in Sir William Crookes's conception of 
'“meta-elements” as applied to the rare earths. Here the idea 
was rather that of a gradual and continuous difference among the 
different; atoms of the same elomont, the properties of the latter 
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being the mean of tliose of its individual atoms. Modern develop¬ 
ments have tended definitely away from father than towards this 
view. 

The second phase in the development of radioactive change has 
now negatived each and every one of the conceptions of last 
century that associated the chemical element with the atom. The 
atoms of the same chemical element are only chemically alike. 
Unique chemical and spectroscopic character is the criterion, not 
of a single kind of atom, hut rather of a single type of external 
atomic shell. Different chemical elements may have the same 
atomic mass, the same chemical element may have different atomic 
masses, and, most upsetting of all, the atoms of the same element 
may he of the same mass and yet be an unresolvable mixture of 
fundamentally distinct things. Present-day identity may conceal 
differences for the future of paramount importance when trans¬ 
mutation is practically realised. Then it may he found that the 
same element, homogeneous in every other respect, may change in 
definite proportion into two elements as different as lead and gold. 
The goal that inspires the search for the homogeneous constituents 
of matter is now known to be, like infinity, approachable rather 
than attainable. The word homogeneity can in future only be 
applied, qualified by reference to the experimental methods avail¬ 
able for testing it. 

All this, of course, does not in the least affect or minimise the 
practical importance of the conception of the chemical elements as 
understood before these discoveries. Every chemist knows the 
conception has had and will continue to have a real significance 
as representing the limit of the spectroscopic and chemical analysis 
of matter which remains, although it now is known to convey 
something very different from the original and natural conception 
of the chemical elements as the l m n ’\s of the material alphabet. 
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I .—The Dilution Limits of Inflammability of Gaseous 
Mixtures. Part III. The Lower Limits of some 
Mixed Inflammable Gases with Air. Part IV. 
The Upper Limits of some Gases , Singly and 
Mixed , in Air. 

By Hubert Frank Coward, Charles William Carpenter, and 
William Payman. 

Part III. 

In Part I of this series of papers (Coward and Brinsley, T., 1914, 
105, 1859), the wide variation in the values assigned by different 
observers to the limits of inflammability of hydrogen and other 
gases in air was shown to be due to the very different criteria of 
inflammability used. The meaning of the term “ inflammability ” 
was therefore discussed, and it was concluded that inflammability 
could and should be regarded as a characteristic property of a 
gas mixture, apart from the precise means used for ignition and 
from the form of the vessel that might happen to be chosen for 
experiment. It was argued that a gaseous mixture should be 
termed inflammable per se at a stated temperature and pressure 
if, and only if, it were capable of indefinite self-propagation of 
flame, while the unburnt portion of the mixture was maintained 
at the stated temperature and pressure.* 

In Part II (T., 1914, 105, 1865), the lower limits of inflamma¬ 
bility of hydrogen, methane, and carbon monoxide individually 
in air were examined experimentally by means of apparatus speci¬ 
ally designed to enable the progress of flame to be observed in 
much wider and longer vessels than had been hitherto employed.f 
The present paper records the results of experiments carried 
out to determine the lower limits in air of various mixtures of 
hydrogen, methane, and carbon monoxide taken two at a time or 
/ 

* This definition has been discussed by Burgess and Wheeler (T., 1914, 
105, 2591). Several other papers on the subject of “ dilution limits of in¬ 
flammability ” have appeared since Coward and Brinsley’s paper was 
published, but as they have not been concerned with the question of indefinite 
propagation of flame, but merely with the inflammation of very limited 
amounts of gaseous mixtures, they have no direct bearing on the present 
inquiry. 

t Burrell and Oberfell (U.S.A. Bureau of Mines, Technical Paper , No. 
119, 1915) have adopted a eudiometer of the same size as that used by Coward 
and Brinsley. 
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all three together, and, finally, of the complex mixture, a “town’s 
gas. 5 ' 

A simple formula, of purely additive character, has been put 
forward by Le Chatelier to connect the lower limits of single gases 
with the lower limits of mixtures of them. This formula, origin¬ 
ally limited to binary mixtures, is generalised thus: 


ii\ 

n\ + n; 2 


i. 


where N x , A. 2 , i\ r s . . . are the lower limits, in percentages of the 
whole air mixture, for- each combustible gas separately, n 1( n.,, 
n s . . . are the proportions, in percentages of the whole fiir mix¬ 
ture, of each combustible gas at the dilution limit. The percentage 
of total combustible gas present in the limit mixture is thus 
L = n x + n % + n z + . . . 

This formula enables the lower limit, L, of a combustible mix¬ 
ture to be calculated from the dilution limits of its several con¬ 
stituents. If the proportions of each of the combustible con¬ 
stituents are p x , p 2 , p s . . ., so that p L + p-i 4- ps + • • • =100, a 
simple transformation gives its dilution limit in air as 


L~n L + n 2 + u :i + 


100 


iV, 



The physical meaning of the formula may be best appreciated by 
the consideration of a particular case. A mixture of air, carbon 
monoxide, and hydrogen which contains one-quarter of the amount 
of carbon monoxide necessary to form a lower limit mixture, 
together with three-quarters of the amount of hydrogen necessary, 
will he a lower limit mixture. In other words, the lower limits 
of inflammability form a series of inflammability equivalents for 
the individual gases of a mixture. 

It may also he deduced from the formula that lower limit air 
mixtures, if mixed in any proportions, give rise to mixtures which 
are also at their lower limits. ' 

Experimental support for the formula retts on observations by 
Le Chatelier (Ann. des Mines, 1891, [viii], 19, 388) with three 
mixtures of methane and coal gas, by Le Chatelkn and Boudouard 
(Gompt , rend., 1898, 126, 1344) with three mixtures of hydrogen 
and carbon monoxide and with one mixture of acetylene and 
carbon monoxide, and by Eitner (Habilitatiomschrift, Mimchen, 
1902) with hydrogen and carbon monoxide in equal volumes and 
with coal gas. The difference between the calculated and the 
observed dilution limits rarely reached one twenty-fifth p&rt of 
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Hie combustible mixture. None of these experiments, however, 
was carried out in apparatus large enough In indicate whether the 
mixtures used were capable of continued propagation of flame. 
Thu.%.Le (Jhatelier and Boudouard used for the lower limit of 
hydrogen in air the figure 10 per cent., whereas the recent experi¬ 
ments have shown that mixtures containing upwards of 4*1 per 
cent, of hydrogen are capable- of propagating flame apparently 
indefinitely in an upward direction. Le Chatelier had, in fact, 
found that the 10 per cent, liydrogeu mixture was the weakest 
which would propagate flame downwards through a somewhat 
narrow tube. It is only necessary to ignite from below to produce 
a self-propagating flame in mixtures considerably weaker in 
hydrogen. 

The experiments now to be described were therefore carried out 
in the eudiometer previously described (Coward and Brinsley, loc. 
cit.), 18 metres (6 feet) in length and 30 cm. (1 foot) square in 
section, with a capacity of 170 litres. 

In each case, the mixtures under experiment were saturated 
with moisture at 18—19°, and were maintained at approximately 
atmospheric pressure during inflammation. The source of ignition 
was a spark gap of variable length between small platinum 
spheres. A 6-inch Apps coil with two, four, or six storage cells 
was used to produce single sparks. The various gases were pre¬ 
pared in a state of purity, and each mixture with air was made 
to the desired composition, which was checked by the analysis of 
samples taken just before firing. 


E XP 12 111 MENTAL. 

The lower limits of a number of mixtures of hydrogen, carbon 
monoxide, and methane, taken two or three together, and also of 
a "town’s gas,” are recorded in table I (p. 30), together with the 
lower limits calculated by means of the Le Chatelier formula from 
the limits of the individual gases. 

Several of the experimental results differ from those calculated 
by amounts exceeding the errors of observation and experiment; 
nevertheless, the formula gives a useful approximation over the 
whole range of mixtures examined, and may be applied, therefore, 
to water, gas and to coal gas, as well as to town’s gas. 

The most striking anomaly was shown by the mixture contain¬ 
ing 10 per cent, of hydrogen and 90 per cent, of carbon monoxide, 
where the large difference was in the opposite direction to that 
usually noted. This anomaly was more pronounced in experi- 
ments with the same mixture in a narrower tube (5 cm, diameter). 
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Table I. 

Composition of gas Lower limit 

(before admixture with air). of inflammability in air. 


Carbon 

Hydrogen, monoxide. 

Methane. 

Observed. 
Per cent. 

Calculated. 
Per cent. 

Difference. 
Per cent. 

100 

— 

— 

4*1 

— 

~ 

75 

25 


4*7 

4*9 

-0*2 

50 

50 

_ _ 

0*05 

6*2 

-0*15 

25 

75 

_ 

8*2 

8-3 

-0*1 

10 

90 

— 

10*8 

10*4 

+ 0*4 


100 

— 

12*5 



___ 

90 

10 

11*0 

11*1 

-0*1 

— 

75 

25 

9-5 

9*6 

-0*1 

— 

50 

50 

7*7 

7-7 

0*0 

— 

40 

60 

7*2 

7*1 

+ 0*1 

— 

25 

75 

6-4 

6*5 

-0*1 

- 

— 

100 

5*6* 

- 

- 

25 

_ 

75 

4*7 

5*0 

-0*3 

50 

— 

50 

4*6 

4*7 

-0*1 

75 

_ 

25 

4*1 

4*4 

-0*3 

90 

— 

10 

4*1 

4*2 

-0*1 

100 

— 

— 

4*1 

_ . 

- 

33-3 

33*3 

33*3 

5*7 

6*0 

-0*3 

55 

15 

30 

4*7 

5*0 

-0*3 


“ Town’s gas ’ 

’t 

5*35 

5*36'i 

0*0 


* This figure is chosen, rather than the lower value given by Coward and 
Brinsley (loa. tit., p. 1885) for the reason stated on page 1877 of that paper : 
“ . . . the flames of mixtures containing 5*3 to 5*6 per cent, of methane are 
very sensitive to extinction by shock . . . a 5*C per cent, mixture will 
invariably propagate flame when the shocks are no greater than those occa¬ 
sioned by the somewhat violent bubbling of gas through water . . . (but) 
when the circumstances are such that a tranquil passage is assured, 6*3 per 
iSba^t, is the lower limit of inflammability of methane in air.” In none of the 
pres&ftft. experiments with methane fixtures did we observe the curious 
tranquil passage of flame noted with the 6*3 per cent, methane mixture, so 
that 5*8 per cent, seems the correct figure to employ for calculations in con¬ 
nexion with these experiments. 

f Composition of the “town’sgas” : C 6 H 0 , etc., vapours=0*8. CO a =2*6. 
O a =0*5. C a H 4 etc,=2*8. 00=14-1. H a =46*6. CH 4 =19*4. C a H 6 =4*Q. 

N a =9*2 per cent. The benzene, etc., vapours were estimated by the deter¬ 
mination of their partial pressures, by Burrell and Robertson’s method 
(J. Ind. Eng. Chem., 1915, 7, 669). 

t For calculating this figure, the following lower limits of the individual 
gases were used : Hydrogen, carbon monoxide, and methane, as in table I ( 
ethylene 3*4 per cent. (Eitner), ethane 3-1 per cent. (Burgess and Wheeler), 
benzene 1*4 per cent. (Kubiersehky). The last three values represent results 
obtained in small vessels, but may probably be safely used in view of the 
comparatively small amounts of the three gases present in the “ town’s gas.” 

The non-inflammable constituents of the town’s gas amounted to 12*3 
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A brief reference to the general character of the flames is 
necessary. Inflammable- mixtures rich in hydrogen, .including the 
town’s gas, gave thin vortex rings of flame, increasing in diameter 
as they rose through the first 30 or 40 cm., and then breaking 
into luminous segments, which, subdivided into balls of flame. 
The latter rose, increasing in number, to the top of the vessel. 
The flames in mixtures somewhat below the lower limit were 
extinguished at some stage of their journey. The flames of these 
mixtures showed, in fact, similar behaviour to those described by 
Coward and Brinsley for pure hydrogen, hut the luminosity w T as 
much enhanced. Inflammable mixtures containing no hydrogen 
gave thick rings which, as they progressed, developed into flames 
of strongly convex front spreading from side to side of the box; 
similar mixtures just below the limit of inflammability gave rings 
of flame breaking into striae, which were extinguished in the next 
50 or 100 cm. of their journey. The appearance of all the flames 
of mixtures is apparently compounded additively of those of the 
individual components. 

There was no difficulty in deciding upon the figure for the limit 
within about 0T per cent. 


Conclusions (Part III.). 

The lower limits of inflammability, in air, of mixtures of 
hydrogen, carbon monoxide, and methane, taken two at a time or 
all together, and also the lower limits of water gas, coal gas, and 
town’s gas, may be calculated with approximate accuracy from 
the lower limits of the individual gases by means of Le Chatelier’s 
formula. 

Part IV. 

The Upper Limits of some Gases, Singly and'Mixed, in Air. 

The upper limits of inflammability of hydrogen, methane, and 
carbon monoxide severally in air have been investigated by a 
number of observers; their results are quoted in T., 1914, 105, 
1859. The hydrogen figures show the greatest range of variation, 
namely, from about 55 to 80 per cent, of hydrogen. The methane 
figures mostly lie between 12 and 17 per cent, of methane, and 

per cent., which on the lower limit mixture represents only 0-66 per cent, of 
the whole. In view of the known slight influence on the lower limit of methane 
of the substitution of small amounts of carbon dioxide or nitrogen for equal 
amounts of air, it is safe to assume for the purposes of the calculation that 
the non-inflammable constituents of coal gas (and likewise of water gas) 
can be treated as air. 
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tlie carbon monoxide figures arc* in the neighbourhood of 7f> jior 
coni*, of carbon monoxide. 

The Up per Limit nf l/i/Ufot/cii. -Some preliminary experimenis 
were conducted with the object of discovering whether the Haines 
in mixtures just below the upp'er limit resembled the flames in 
mixtures just above the lower limit. If so, the apparent dis¬ 
crepancies between the results of earlier workers might be ex¬ 
plained on the same lines as the discrepancies noted in lower limit 
figures. It was soon evident, however, that comparatively weak 
or short electric sparks, which were quite strong enough to ignite 
lower limit mixtures, were unable to inflame upper limit mixtures. 
Stronger sparks in the latter mixtures started 1 flames which 
travelled throughout the whole mixture. This promised a clue 
to the main cause of discrepancy of the results of others, and by 
the use of igniting sparks of such variable strength as might well 
have been employed in ordinary laboratory practice, a range of 
results was obtained nearly as wide as those of the previous un¬ 
correlated list. The experiments were carried out in a half-litre 
globe with a spark of variable length in the centre. A 6-inch 
Apps induction coil was used with a constant break, and the 
current in the primary was varied by using a battery of 2 to 12 
volts. We have to acknowledge our indebtedness to Mr. F. 
Brinsley for conducting this series of experiments, the results of 
which are recorded in table II. 


Table II. 

Percentage of Hydrogen m Apparent Upper Limit Air Mi(tt-un. 


Spark gap. 


Voltage of accumulators. 

4 8 

.12 

I mm. 

57-5 

— 

07-0 

_ 

2 

— 

— 

70-2 

— 

4 

: - 

—- 

71-2 

— 

8 

702 

70-7 

71-2 

72-2 

1(5 

— 

■ — 

72*5 

— 

20 

— 

— 

— 

74*5 

32 

— 

—- 

73-5 

— 

45 

— 

■— 

— 

75*5 

50 

—. 

— 

73-5 

— 


These figures suggest an upper' limit of hydrogen-air mixtures 
in the neighbourhood of 75 - 5 per cent, of hydrogen, but the volume 
of gas used was much too small to indicate whether the flames 
observed were capable of indefinite self-propagation. Further¬ 
more, the gases were confined, and so were not maintained under 
constant pressure during inflammation. 




Fig. 1. 



Carbon monoxide. Methane and carbon monoxide 

mixture. 

Upper limit flames, in tube of 5 cm. diameter. 


[To /nee. nage 33. 
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A series of experiments was therefore carried out in a lb-litre 
bell-jar, just dipping under the surface of water, with a spark 
„ gap near the bottom of the mixture. With a suitable single spark, 
ignition was obtained with mixtures containing 73-1, 73'8, and 
74-0 per cent, of hydrogen, but failed with 74-4 and 75‘G per cent, 
of hydrogen. The flames travelled rapidly throughout the whole 
mixture. The limit indicated was thus approximately 74-2 per¬ 
cent. of hydrogen. 

The next step in determining the true limit for continued pro- 
/ pagatiom of flame "was the use of long vessels. A tube T5 metres 
long and 5 cm. wide was used. Flame travelled rapidly through 
■this tube with mixtures containing 7T2 and 7T4 per cent, of 
hydrogen. The appearance of this flame is indicated in Fig. 1. 
Mixtures containing 71 *6 and 73-0 per cent, could not be ignited, 
or, if ignited, the flame was extinguished before it had travelled 
more than a few cm. from the spark. 

In order to fix the upper limit precisely, it would be necessary 
to use vessels of dimensions comparable with those of the box 
previously described. This would involve the construction of a 
much stronger vessel than the one available, but at the time this 
was contemplated, the experiments had to be abandoned, and 
opportunities for continuing them will not be available in the near 
future. 

It is, however, certain that the upper limit of hydrogen is some¬ 
what higher than 71*5 per cent.; it is probably near to 74-2 per¬ 
cent. 

The Upper Limit of Methane .—In the 15-litre hell-jar, mixtures 
containing 15*1 and 15-3 per cent, of methane propagated flame, 
of a reddish-brown colour edged with blue, upwards throughout 
the mixture. A 15*5 per cent, mixture could not be ignited, but 
when a rapid succession of sparks was passed, a blue flame-cap was 
observed above them. 

In the T5-metre tube, mixtures containing 14-4, 14*7, 15*0, and 
15T per cent, of methane propagated flame throughout the tube; 
with a 15-2 petfcent. mixture, a flame was initiated, hut was 
extinguished after passing some cm. up the tube. In each case, 
the flame seemed to. consist of two distinct portions, the upper¬ 
most blue with a- convex front, followed by a reddish-brown 
conical tail, which suggested a secondary reaction of combustion 
(see Fig. 2). The limit for indefinite propagation is therefore 
more than 15*1 per cent., and probably approaches 15*4. 

This conclusion is supported by thf experiments of Burrell and 
Oberfell (Joe. cit.), who- used for upper limit experiments on 
methane an iron pipe 30 cm.. (12. inches) in diameter, 2*1 metres 

VOL. CXV. 0 
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(7 feet) high, with a series of glass windows. Their experiments 
showed the upper limit to lie between 15-0 and 15*4 per cent, for 
upward propagation of flame. 

The Upper Limit of Carbon Monoxide .—In the 15-litre hell- 
jar, flames travelling rapidly upwards through the whole of the 
mixture were obtained when 73'7 and 74*0 per cent, of carbon 
monoxide was present. Flames were initiated in 74*5 and 75‘0 
per cent, mixtures, but were extinguished after travelling a short 
distance. A 75*2 per cent, mixture gave only a blue halo round 
the spark. 

In the 1‘5-metre tube, a flame travelled up through a 72’9 per 
cent, mixture, but no more than a tongue of flame was obtained 
with a 73* 1 per cent, mixture. The walls of the tube evidently 
exerted a notable cooling influence. The self-propagating flame 
had a strong convex front, was blue with a bright whitish-blue 
edging, but had no “ tail,” as was the case with methane flames 
(see Fig. 3). 

The limit, for indefinite propagation is therefore more than 
73*0 per cent., and probably approaches 74’2 per cent. 


Applicability of the Mixture Law to Upper Limits of 
Inflammability. 

The additive character of the lower limits of inflammability 
was expressed by Le Chatelier in a formula quoted above (p. 28). 
The validity of a similar formula for the. upper limits of mixed 
combustible gases in air has been obscured by experiments with 
hydrogen-air mixtures in which the sparks were insufficiently 
strong, and therefore the figures obtained represented, not the 
limiting composition for the propagation of flame, but the limiting 
composition for the initiation of flame by the sparks in use. It 
is shown below that the following formula holds approximately 
for the upper limits of mixtures of hydrogen, methane, and carbon 
monoxide, two or three at a time: 


3 + 

Ni 


Va + 


1 


where n v « 3 . . . represent the proportions, in percentages of the 
whole air mixture, of each combustible gas, at the upper limit, 
jVj, A 2 • . • represent the upper limits, in percentages of the 
whole air mixture, of each combustible gas separately. 

For reasons stated above, the experimental apparatus available 
did not combine the desirable width with the desirable length, 
and the choice lay between a bell-jar and a longer but narrower 
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glass tube (1*5 metres long, 5 cm. in diameter). The latter was 
chosen because it enabled a flame to be observed travelling far 
enough from the original source of ignition; the disadvantage of 
narrowness was not great, for the limits observed in the tube were 
lower than, those indicated by the wider bell-jar by a not very 
considerable amount. (For hydrogen, 2*7 on 74'2 per cent.; for 
methane, 0-25 on 15'4 per cent,; for carbon monoxide, 1‘2 on 
74-2 per cent.) 

The limits observed in the tube are recorded in table III. 


Table III. 


Percentage composition of gas Upper limit 

(before admixture of inflammability, in air. 

.-*- 




with air) 


'- 

Calcu¬ 

lated. 

Differ¬ 

ence. 

Single gases .. 

h 2 . 

100 

CH.j. 

100 

col 

100 

Observed. 

71-5 

151 

73-0 

Binary 

mixtures. 

48-5 

50 

51-5 

50 

50 

50 

22-G 

71-8 

22-8 

24- 4 
72-5 

25- 0 

-1-8 

-0-7 

-2-2 

Ternary 

mixture . 

. 33'3 

33-3 

33-3 

29-9 

31-9 

-2-0 

Coal gas. 


See footnote.* 


30-9 

28-8t 

+2-1 


* Composition of the coal gas. C s H fl , etc. = 1-3 ; CO 2 ~0-l ; O 2 =0*l ; 
C a H 1 =2*9 ; CO = 7-3 ; H a =50-6 ; CH t =29-7 ; C a H„=3-2 ; N 8 =4-9 per cent. 

t For the calculations, the upper limits of hydrogen, methane, and carbon 
monoxide given in the table were used, together with the values C 6 H 8 ==4*7 
(Roszkowski); C 2 H 4 —22-0 ; C 2 H n =10-7 (Burgess and Wheeler, ignition 
centrally in large globe. Private communication). 

Analyses of the residual gases showed that mixtures just below 
the upper limit propagated flames which consumed the whole of 
the oxygen, and therefore passed through the whole of the mix¬ 
ture. This behaviour is in sharp contrast with that of lower limit 
mixtures,* in which self-propagating flames may leave unconsumed 
a considerable fraction of the mixture. 

Figs. 1, 2, and 3 show that the upper limit methane flames are 
characterised, in contradistinction from the hydrogen and carbon 
monoxide flames, by the possession of flame tails. Mixtures con¬ 
taining methane with carbon monoxide or hydrogen and air also 
exhibit the remarkable tail, which suggests a secondary reaction 
(see Fig. 4). Evidence as to the nature of this reaction should 
be readily obtained by an examination of the interconal gases, 

0 2 
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but the opportunity of attempting this experiment has not pre¬ 
sented itself. 

Conclusions (Part IV.). 

The upper limits of inflammability in air, saturated with water 
at is—19°, of hydrogen, methane, and carbon monoxide are in 
the neighbourhood of 74% 15-4, and 74*2 per cent, respectively. 

The upper limits in air of mixtures of these gases, taken two 
or three at a time, and also the upper limit of coal gas, may be 
calculated with approximate accuracy by means of a simple 
formula of an additive character. 

Faculty or Technology, 

Manchester University. [Received, October 12 th, 1918.) 


IF.— The Propagation of Flame through Tubes of Small 
Diameter . Part II. 

By William Payman and Richard Vernon Wheeled. 

It is a common practice at collieries to test the safety of the 
miners’ flame lamps, before they are taken underground, by intro¬ 
ducing them into an inflammable mixture of coal-gas and air. 

It is known that the speed of propagation of flame in mixtures 
of coal-gas and air can be considerably faster than in any mixture 
of methane and air. Since any inflammable mixture into which 
a miner’s lamp may accidentally be introduced in the practice of 
coal mining is produced exclusively by fire-damp, and since it is a 
rare occurrence for fire-damp to contain even traces of any in¬ 
flammable gas other than methane, the use of mixtures of coal-gas 
and air for testing the security of a lamp for use underground is 
justifiable only on the grounds of providing an adequate “margin 
of safety.” The use of coal-gas becomes unjustifiable if the margin 
of safety thereby provided is excessive; for every additional pro¬ 
tective device embodied in the construction of a miner’s flame 
safety-lamp militates against the jiroper ventilation of the lamp, 
and therefore diminishes its light-giving power. 

It is thus of importance to be able to make an exact comparison 
between the speeds of propagation of flame in mixtures of coal-gas 
and air and fire-damp, or methane, and air under similar conditions 
of experiment. Furthermore, since the rapid speed of flame in 
coal-gas-air mixtures is, presumably, due mainly to the hydrogen 
contained therein, and since different qualities of coal-gas contain 
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different proportions of hydrogen, it is necessary to obtain informa¬ 
tion regarding the effect of varying the proportions of the con¬ 
stituent gases in coal-gas on the speed of propagation of flame in 
its mixtures with air. 

Following the same methods of experiment as with mixtures of 
fire-damp and air (T., 1918, 113, 656), the speeds of the uniform 
movement of flame in mixtures with air of coal-gas, hydrogen, and 
a 1:1 methane-hydrogen mixture have been determined in glass 
tubes of different small diameters for comparison with' the results 
obtained with fire-damp-air mixtures in similar tubes. Compara¬ 
tive experiments have also been made on the projection of flame 
through brass tubes of small diameter. 

For the experiments with mixtures of coal-gas and air, a supply 
of gas from the main was stored over alkaline water in a metal 
gas-holder of 70 litres capacity; and the mixtures with air were 
made in smaller glass gas-holders from this supply. In this 
manner, variations in the composition of the coal-gas, such as would 
have occurred had the gas for each mixture been drawn direct 
from the main, were avoided. 

Rather more gas was required to complete the series of experi¬ 
ments than was anticipated, so that it was found necessary to re¬ 
charge the storage-holder before all the information desired was 
obtained. 

From one point of view this was unfortunate, for the second 
charge of gas differed slightly in composition from the first, and 
mixtures with air of the one could not be directly compared with 
mixtures with air of the other. From another point of view, how¬ 
ever, the enforced use of samples of coal-gas of different composi¬ 
tions was not to be regretted, for there were found to he marked 
differences in the speeds of propagation of flame in mixtures with 
air of the two qualities of gas. This observation led at onoe to the 
determiuatiou of the speeds of flame in mixtures with air of what 
may be termed a “synthetic coal-gas,” containing equal parts by 
volume of methane and hydrogen. The results obtained, taken in 
conjunction with the known values for methane-air and hydrogen- 
air mixtures under the same conditions of experiment, are of con¬ 
siderable theoretical interest, whilst they should also prove of 
practical value. 

According to Le Chatelier (“Le Carbone,” p. 266. Paris, 1908), 
if several combustible gases are mixed together with air, the follow¬ 
ing relation exists at the lower limit of inflammability of the mix¬ 
ture, between the limits of inflammability N and N' of each of 
two gases and their proportions n and nf in the limit mixture: 

*/# + »'/#'« 1. 
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Coward, Carpenter, and Paymau have shown (this vol., p. 28) 
that this formula can be applied with considerable accuracy to a 
number of mixtures of gases, and that it holds also at the upper 
limit of inflammability. 

The formula implies that if a limit mixture with air of one 
inflammable gas is mixed in any proportion with a limit mixture 
with air of another inflammable gas, a limit mixture results. 
Another way of stating the relation, in an expanded form, is as 
follows: 

L = 100 l(i + i + .■)■ • ■ • « 

By means of this equation, the limiting percentage, L, for a 
mixture of gases can be found directly from the known limits of 
the individuals; a, 6, . . . being the percentages of the individuals 
in the mixed inflammable gases, and L a , Lj,, . . . their respective 
limits. 

The subject of the calculation of the limits of inflammability of 
mixed combustible gases is introduced here because a similar 
formula holds with remarkable accuracy (considering the nature 
of the phenomena under investigation) for calculating the speeds 
of flame in mixtures with air of a composite combustible gas like 
coal-gas, the speeds in mixtures of the individual gases with air 
being known. The formula is: 


S 


cl + b +. 

a/S a + b/Si>+ . . . . 


(ii) 


in which S is the speed required; a, b, . . . the percentages of the 
different combixstible gases in the mixed gas (coal-gas, for example); 
and »S < a , $i» ■ • ■ the corresponding speeds of flames in mixtures of 
the individuals with air. 

This formula necessarily finds its readiest application in the 
calculation of the speeds in distinctive mixtures, namely: (1) the 
limit mixtures, upper and lower, in which the speed of flame is 
slowest; and (2) the mixtuVes in which the speeds of flame are 
fastest. Bor such mixtures, the agreement between calculated and 
observed speeds is close. 

In the table that follows are given: (1) the limits of inflamma¬ 
bility, with horizontal propagation of flame in a glass tube 9 mm. 
in diameter, for hydrogen, methane, and a mixture of equal parts 
of hydrogen and methane; and (2) the speeds of the uniform move¬ 
ment of flame, in a horizontal glass tube 9 mm. in diameter, with 
the lower- and upper-limit mixtures and in the mixtures with the 
fastest speeds of flame, for hydrogen, methane, and the 1:1 
hydrogen-methane mixture. The calculated limits and speeds for 
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the hydrogen-methane mixture, as determined by equations (i) 
and (ii), respectively, are also given. 

Speeds of uniform movement of 
flame. Cm. per second. 


Mixture 

Lower- with Upper- 

Limits. Per cent. limit fastest limit 
Lower. Upper. mixture. speed. mixture. 


Hydrogen . 6*7 65-7 8-3 430 (50) 

Methane . 7-8 11-6 32-6 49 35-6 

Hydrogen-] (Obs.) 7-2 19-6 13-7 96 17*1 

methane - 

mixture j (Calc.) 7-2 19-7 13-2 90 (42) 


The value obtained for the speed of propagation of flame in the 
upper-limit mixture of hydrogen and air is not the true value, 
which should approximate to that of the speed in the lower-limit 
mixture. The probable reason for the discrepancy is explained 
later. Omitting this value, and the calculated value for the speed 
of flame in the upper-limit mixture of hydrogen-methane-air based 
on it, it will be seen that there is a close correspondence between 
the calculated and the observed values for the limits and speeds. 

With coal-gas, the gases that preponderate are hydrogen and 
methane, which in the two samples, A and B, used for these experi¬ 
ments totalled 83 : 5 and 85 per cent, respectively. Ignoring the 
other gases, calculation according to equation (ii) gives 106 and 
96 cm. per second, respectively, as the maximum speed obtainable 
during the uniform movement of flame in a tube 9 mm. in diameter 
in mixtures of each sample of coal-gas with air. The speeds as 
determined by chronographic means were 106*2 and 94 cm. per 
second. 

The proportion of mixed gases to be added to air to give mixtures 
with the fastest speed of the uniform movement of flame can also 
be calculated, knowing the corresponding values for each individual 
gas. The fastest speed with mixtures of methane and air is 
obtained over the range 9*5—10-0 per cent, of methane j with mix¬ 
tures of hydrogen and air, the range is 38—45 per cent, of 
hydrogen. Using the same type of formula as for calculating the 
limit mixtures, the “ fastest speed mixtures ” of air with mixed 
combustible gases are found to be as follows: 

Mixtures with air in which 
the speed of the uniform 
movement of flame is fastest. 


Combustible gases. 
Hydrogen-methane, 

( 1 : 1 ) . 

Coal-gas A ... 

Coal-gas B ... 


Per cent, of combustible gas. 
Calculated. Observed. 

. 15-2—-16*3 15*0—16*0 

. 17*5-^18*8 18*0—19*0 

. 16*3—17*5 16*5-17-5 
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If equation (ii) is expressed in the form 

, 0 , 7 / a , n + b + . . . . 

M'l&u, J rb/®b+ .... — --- • 

O a+ h + .... 

it is at once apparent that the inverse of the speed of flame in 
mixtures of a composite gas with air is a simple additive property 
of the inverse of the speed of flaxne in each constituent gas with 
air. In other words, the time taken for flame to spread through 
a given volume of a mixture of combustible gases with air, under 
the conditions of combustion during the uniform movement, is the 
mean of the times taken for flame to spread through the same 


Fig. 1. 



volume of mixtures of each constituent gas with air if present 
alone. 

No doubt this relation, which has been shown to hold true for 
the fastest and the slowest speeds of the uniform movement of 
flame, is true also, as suggested by the generalisation just stated, 
for intermediate speeds. So that, given the necessary data respect¬ 
ing the individual combustible gases, the behaviour of flame in any 
mixture of several with air can be deduced. The exposition of 
the validity or otherwise of this assumption, when three or more 
combustible gases in varying proportions are used, will form the 
subject of a subsequent communication. 

In Nig. 1 are shown, plotted to the same scale, the speed-per- 
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centage curves, for the uniform movement of flame in a horizontal 
o-lass tube 9 mm. in diameter, for hydrogen and methane, for a 
1:1 mixture of hydrogen and methane, and for coal-gas 
(sample A). 

The curve for hydrogen is constructed from Haward and 
Otagawa’s determinations (T., 1916, 109, 85), with additional 
figures obtained near and at the limiting percentages. In this 
connexion, it should‘be noted that Haward and Otagawa, though 
they made no attempt to determine accurately the limits of in¬ 
flammability for horizontal propagation of flame, considered that 
in a tube 9 mm. in diameter flame would not travel horizontally 
in mixtures containing less than 11*8 or more than 63'5 per cent, 
of hydrogen. Actually, the limits under the conditions thus 
specified are 6*7 (lower) and 65-7 (upper) per cent. It was found 
that when igniting mixtures near the limits of inflammability, 
great care had to be exercised to avoid disturbance at the mouth 
of the tube, and for that reason a lighted taper, such as was 
employed by Haward and Otagawa, which answered admirably 
over the range of mixtures studied by them, was unsuitable.* 

* The details of the determinations made to locate the limits of inflam¬ 
mability of hydrogen-air mixtures in a horizontal tube 9 mm. in diameter 
are as follow : the tube was 1*5 metres long and the mixtures were ignited 
by a secondary discharge across a 5 mm. gap 4 cm. from the open end of 
the tube. 

Lower limit. 

Hydrogen, per cent. Result. 

9*4 Flame travelled throughout. 

7-5 

7*1 

6*8 

6*6 Incomplete propagation of flame. 

These results place the lower limit at 0*7 per cent, hydrogen. A mixture 
of this composition when tested failed three times to propagate flame, but 
on five occasions flame travelled throughout the length of the tube. The 
flames travelled very slowly and were only visible when the room was in 
complete darkness. 

Upper limit. 

Hydrogen, per cent 
63*5 
64*5 
65*0 
65-3 

With mixtures containing 66 per cent, or more of hydrogen a sharp report 
occurred on sparking, due to the rapid combustion of a mixture made poorer 
in hydrogen by diffusion between the point of ignition and the open end of 
the tube. Flame also travelled rapidly over short distances towards the closed 
end of the tube; thus, with 67*5 per cent, hydrogen the flame travelled 
25 cm., and with 67*8 per cent. 10 cm. With 68 per cent, no flame could be 


Result. 

Rapidly moving flame throughout. 
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Attention should be directed to the slow speed, S’3 cm. per 
second, at which flame could travel in a mixture of hydrogen and 
air at the lower limit, a fact which illustrates the' well-known 
persistence of hydrogen flames. In conformity with the results 
obtained for other gases, it was expected that the flame in the 
higher-limit mixture would be equally slow. The fact that so high 
a speed as 50 cm. per second was recorded was due to the difficulty 
experienced in igniting the mixture before diffusion at the mouth 
of the tube could decrease the percentage of hydrogen there. 

The coal-gas was made at the carbonising plant of the. Experi¬ 
mental Station, and was not diluted with water-gas. The analyses 
of the two samples were: 

Sample A. Sample B. 

Per cent. Per cent. 


Benzene and higher olefines . 1-2 1-6 

Carbon dioxide. 0-1 nil 

Ethylene . 2-9 2-8 

Carbon monoxide .. 7-3 7'1 

Hydrogen .. 50’6 47-0 

Methane and higher paraffins . 32-9 38-0 

Nitrogen (by difference) . 5*0 3-5 


It will be seen that the difference between the two samples of 
gas lay almost entirely in the proportions of hydrogen and 
paraffins that they contained; and from a comparison between 
the speed-percentage curves for coal-gas A and the hydrogen- 
methane mixture given in Fig. 1, it is evident that the slower 
speed of flame obtained with coal-gas B as compared with 
coal-gas A is due to the higher methane-content of the former. 
For the highest speed obtainable with the hydrogen-methane mix¬ 
ture, which contained 50 per cent, of each constituent, is consider¬ 
ably slower than the highest speed obtainable with coal-gas A , 
which also contained 50 per cent, of hydrogen, but only 33 per¬ 
cent, of methane. 

The results obtained on the propagation of flame in horizontal 
glass tubes of smaller internal diameter than 9 mm. are recorded 
in the tables that follow. The determinations were made in the 
same manner, and the numbers in the table have the same signifi¬ 
cance, as in the experiments with methane and air (lor., cit., p. 658), 
with which they should be compared. 

observed to travel away from the open end of the tube. These results place 
the upper limit for self-propagation of flame between 65-3 and 66*0 per cent, 
hydrogen. The determination was completed as follows : 

Hydrogen, per cent. • Result. 

65-9 Flame travelled rapidly about 40 cm. 

65-7 „ „ 

65-6 Complete propagation of flame. 










FLAME THROUCrH TUBES OF SMALL DIAMETER. PART II. 43 


Table I. 

Coal-gas, Sample A. 


Internal 

diameter Coal-gas in mixture. Per cent, 

of tube, 


mm. 

12-4 

13-1 

16-4 

17-5 

18-4 

19-2 

20-0 

22-7 

24-5 

2-0 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

3-0 

(25) 

(50) 

—, 

— 

81-3 

— 

— 

nil* 

— 

4-2 

(25) 

49-6 

— 

— 

. 87-3 

— 

— 

nil* 

— 

5-0 

(30) 

53-5 

— 

— 

98-1 

— 

— 

35-3 

— 

0-0 

(44) 

55*5 

— 

—- 

99-1 

— 

— 

40-6 

nil* 

7-1 

(52) 

58-7 

86-8 

97-7 

103-7 

102-7 

90-3 

50-6 

nil* 

8-0 

(60) 

59-2 

87-4 

98-S 

104-2 

103-9 

91-8 

57-0 

29-8 


Table II. 

Coal-gas, Sample B. 


Internal 
diameter 
of tube, 
mm. 


Coal-gas in mixture. 

Per cent. 


lfl 

14-0 

14-8 

16-5 

16-8 

2-0 

nil 

nil 

nil 

nil 

nil 

3-0 

nil 

— 

60 

— 

— 

4-2 

(35) 

— 

— 

— 

— 

5-0 

(35) 

—- 

— 

— 

— 

6-0 

(41) 

—. 

— 

— 

— 

7-1 

(52) 

62-2 

71-4 

84-1 

80-1 

8-0 

(57) 

63-2 

77-4 

85-8 

82-3 


Table III. 

Hydrogen-Methane, 1:1. 


Internal 

diameter 


Hydrogen-methane in mixture. Per cent. 



mm. 

8-45 

^9-45 ' 

11-90 13*90 

14-35 

14-96 15-95 

17-20 

18-10 

18-65 

19-55 

2-0 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

nil 

3-0 

— 

— 

56-3 

74-9 

— 

74-5 

73-0 

nil* 

— 

— 

— 

4-2 

— 

nil 

57-9 

75-9 

— 

— 

— 

46-1 

nil* 

_ 

— 

5-0 

— 

(28) 

59-4 

83-1 

— 

86-0 

84-0 

53-5 

nil* 

— 

— 

7-1 

(30) 

38-7 

63-0 

85-1 

88-0 

95-8 

94-1 

74*1 

43-3 

nil* 

— 

8-0 

(40) 

39-4 

69-5 

87-1 

90-7 

— 

— 

76-8 

49-4 

34-2 

nil* 


* Flame travelled towards the open ends of the tubes, a distance of 
3 cm. 


The results recorded in table III are shown as smoothed curves 
in Fig. 2, which illustrates the extent to which the "limits” are 
dependent on the environment of the inflammable mixture. It will 
be seen that the range of mixtures over which continued (hori¬ 
zontal) propagation of flame was possible became gradually 
restricted as the diameter of the tube was decreased, until with a 

c* 2 
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3 nun. tube it was less than half of that obtaining in a 9 nun. 
tube. 

■With a tube 2 mm. in diameter, no flame could travel away 
from the point of ignition, whatever the percentage of combustible 
gas present, an observation that applies also to the mixtures of 
coal-gas and air. With all mixtures of methane and air, a 
diameter of 3'6 mm. prevented the propagation of flame; whereas 
with hydrogen and air (30 per cent, hydrogen). Mallard and Le 
Chatelier {Arm. cles Mines, 1883, [viii], 4, 320) have recorded the 
propagation of flame in a glass tube only 0-9 mm. in diameter. 

Complementary to these results are the results of experiments 


Fig. 2. 



made on the passage of flame in mixtures of coal-gas and air 
through brass tubes, either open at both ends or arranged as 
extensions to a larger vessel, at the closed end of which the mix¬ 
ture was ignited. It is unnecessary to give the details of these 
experiments, which were conducted in the same manner and ex¬ 
hibited the same general features as the experiments with methane. 
It is sufficient to record that the flame in an 18 per cent, mixture 
of coal-gas B and air passed through 15—18 cm. length of brass 
tube of 4'4 mm. internal diameter placed horizontally and open 
at both ends, and was projected from a closed vessel (20 cm. long) 
through 13—15 cm. length of the same brass tubing. The corre- 
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sponding distances when a 10 per cent, mixture of methane and 
air was used were 7'5 aud 3—4 cm. respectively. 

The general conclusion to be drawn from these experiments as 
regards the testing of miners’ safety-lamps is that coal-gas ” is an 
unsuitable gas to employ for that purpose, for the following 
. reasons: 

(1) Comparatively small variations in the composition of coal- 
gas affect the speed at which flame can travel in its mixtures with 
air. In particular, a reduction in the proportion of paraffins 
which it contains, such as is usually accompanied by an increase 
in the proportion of hydrogen when, as generally, carburetted 
water-gas is employed to dilute the coal-gas, enables a much 
higher speed of flame to be attained than can be given by mixtures 
of methane and air. 

(2) Even with gas produced solely by the carbonisation of coal 
at normal retort temperatures, the speed of propagation of flame 
attainable is more than double that possible in mixtures of methane 
and air. 

(3) It would seem that the ability of flame to pass through tubes 
or holes of small diameter is not dependent alone on its speed, 
although this is the main factor, but is to a certain extent a quality 
of the inflammable gas concerned. Flame in mixtures of hydrogen 
and air possesses the property of being able to pass through holes 
of very small diameter, and the presence of hydrogen in coal-gas 
confers this property in a certain degree on the flame in mixtures 
of the latter with air. 

Eskmeals, 

OtnvrBEBXAin>. [jReceived, October 30th, 1918.] 


III .—Mixtures of Nitrogen Peroxide and Nitric- 
Acid. 

By William Robert Bousfield, K.C. 

Nitric acid and nitrogen peroxide are mutually soluble in certain 
proportions, and in other proportions give rise to a double layer. 
When to the simple binary mixture water is added, a more com¬ 
plex mixture arises. A systematic study of these mixtures was 
projected, beginning with the simple binary mixture and passing 
on to consider the modifications which are introduced by the addi¬ 
tion of water. The present communication deals with the first 
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part only of this research. The nitric acid and nitrogen peroxide 
for the research have been specially prepared by Nobel’s Explosives 
Co., Ltd., -with whose chief research chemist, Mr. Rintoul, I have 
been in consultation from time to time. 

Nitrogen, Peroxide .—Nitrogen peroxide absorbs moisture readily, 
and in the absence of excess of nitric acid appears to decompose 
according to the equation 

N,0 4 + ECO = HNOo + HNO,. 

The presence of a very small quantity of water will therefore 
change the colour of liquid nitrogen peroxide to a dirty green, but 
traces of moisture may involve the presence of nitrogen trioxide 
without noticeable change of colour. Two samples of liquid 
nitrogen peroxide were supplied by Messrs. Nobel. Nearly all the 
work was done with sample No. 1, which was subsequently found 
to have contained traces of nitrogen trioxide. Sample No. 2 had 
been purified by distilling it with phosphoric oxide. The prob¬ 
able reactions, which result in this purification appear to be 
2HNO s + P*0 5 = 2HP0 3 + N 0 O,, 

No0 5 + N 2 0 3 =2N 2 0 4 . 

This sample, No. 2, may be regarded as pure liquid nitrogen 
peroxide. 

In the meantime, before receiving this pure sample, I had used 
up sample No. 1 in nitric acid solutions and recovered it by dis¬ 
tillation and rectification with a pear still-head. This sample, to 
which I may refer as No. 3, appears by the density given below 
to be nearly as pure as No. 2. This is probably due to the oxida¬ 
tion of the nitrogen trioxide by nitric acid, according to the 
equation 

2HN0 3 + N 2 0 3 =2N 2 0 4 + H 2 0. 

Thus with excess of nitric acid and very little water the reaction 
N 3 0 4 + H,0 = HN0 3 + HN0 3 

appears to be reversed, and in the presence of excess of nitric acid 
the water appears to have no decomposing effect on the nitrogen 
peroxide. 

As further evidence of this, the addition of a few drops of water 
to the orange-coloured liquid nitrogen peroxide turns it a dirty 
dark green, presumably due to the mixture of the' blue nitrogen 
trioxide or nitrous acid with the orange nitrogen peroxide, but the 
addition of a few drops of nitric acid destroys the green and restores 
the orange colour. 

The green colour cannot be eliminated by simple rectification, 
as the nitrogen trioxide and peroxide "appear to pass off together, 
the resulting gas being of a somewhat deeper red colour than that 
of pure nitrogen peroxide. Nor does the addition of syrupy phos- 
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phorie acid help matters. Solid phosphoric oxide appears to he 
necessary to get rid of the nitrogen trioxide unless excess of nitric 
acid is added. 

Another sample (No. 4), of a bulk of about half a litre, which 
had been accidentally contaminated with sufficient- water to turn 
it to the dark green colour, was mixed with sufficient nitric acid 
to restore the orange colour and then distilled with phosphoric 
oxide. The resulting sample, No. 5, was of the same colour and 
density as the pure sample, No'. 2. In the rectification of sample 
No. 4, the first few c.c. passed over green at a temperature at the 
top of the still-head of 19—20°. The bulk, which constitutes 
sample No. 5, distilled at 21-9 ±0-1°, which may be taken as the 
boiling point of pure liquid nitrogen peroxide. 

Table I. 

Specific Volumes of Samples of Nitrogen■ Peroxide. 


4°. 11°. 18°. 

No. 1 . 0-67390 0-68110 0-68864 

No. 2 . 0-67435 0-68172 0-68938 

No. 3 . 0-67432 0-68168 0-68935 

No. 4 . — — 0-68946 

No. 5 . — 0-68170 — 


A set of density observations on sample No. 1 was taken at the 
temperatures given in table II, which gives the observed specific 
volumes and those calculated from the formula 

v = 0-66994 + 0-0009767* + 0-00000344* 2 . 

Table II. 

Specific, Volumes of Sample No. 1 at Various Temperatures. 


t: 

D. 

v observed. 

v calculated. 

Difference, 

0-08° 

1-49250 

0-67002 

0-67002 

± 

7 

1-47704 

0-66703 

0-67695 

-8 

11 

1-46822 

0-68110 

0-68110 

4- 

15 

1-45909 

0-68536 

0-68536 

± 

18 

1-45214 

0-68864 

0-68863 

-1 

20 

1-44750 

0-69085 

0*69085 



For the pure sample No. 2 the specific volume-temperature 
curve derived from the three duplicated observations at 4°, 11°, 
and 18° is 

v = 0-67027 + 0-0010075* + 0-000003* 2 , 
which may be taken as giving the correct specific volume of pure 
nitrogen peroxide at temperatures from 0° to 20° within ±2 in the 
fifth place of decimals 
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Nitric Acid. —The- nitric acid used was specially purified and 
sent tome by Messrs. Nobel with the following analysis: 

Nitric acid . 99-68 per cent. 

Hydrochloric acid . 0-007 ,, „ 

Sulphuric acid . 0-068 ,, „ 

Nitrous acid. 0-012 „ „ 

Mineral matter . nil 

99-767 „ „ 

I have taken the percentage of water by difference as 0'233 per 
cent. 

The densities of this acid at the temperatures indicated are: 

4°. 11°. 18°. 

1-5381 1-5254 1-5126 

In calculating the strength of the various mixtures of nitric 
acid and nitrogen peroxide, to which reference is made later, the 
nitrous acid given in the above analysis has been reckoned as 
nitrogen peroxide, since, for the reasons above given, it is assumed 
that with very concentrated nitric acid the nitrous acid present 
is oxidised to give nitrogen peroxide and water. 

In table III are given the, resulting values of the specific 
volumes, derived from the density determinations.* P is the per¬ 
centage by weight of nitrogen peroxide in the mixture. The 
temperature coefficients, a, from 4° to 11° and from 11° to 18° 


Table III. » 

Specific Volumes of Mixtures of Nitric Acid and Nitrogen Peroxide. 

Temperature - coefficients, 


p. 

V. 

«u- 

l, JS* 

4—11° 

<*X10 5 . 

11-18° 
a X 10 s . 

0 

0-65015 

0-65557 

0-66113 

77 

79 

1-2168 

0-64839 

0-65374 

0-65920 

76 

78 

8-021 

0-63719 

0-64211 

0-64715 

70 

72 

16-88 

0-62372 

0-62821 

0-63291 

64 

67 

26-09 

0-61214 

0-61655 

0-62113 

63 

65 

34-925 

0-60445 

0-60885 

0-61346 

63 

66 

37-60 

0-60296 

0-60743 

0-61204 

64 

66 

42-0.1 

0-60112 

0-60568 

0-61044 

65 

68 

43-71 

0-60082 

0-60543 

0-61026 

66 

69 

•46-70 

0-6008S 

0-60561 

0-61059 

68 

71 

48-66 

0-60113 

0-60599 

0-61110 

69 

73 

49-96 

0-60145 

0-60639 

0-61161 

71 

75 

51-37 - 

0-60205 

0-60715 

0-61248 

73 

76 

53-10 

0-60341 

0-60873 

0-61436 

76 

80 

93-86 

— 

— 

0-68610 . 

— 

— 

96-93 

0-67305 

0-68030 

0-68786 

104 

108 

98*49 

0-67371 

0-68098 

0-68855 

104 

108 

100-00 

0-67435 

0-68172 

0-68938 

105 

109 


* The actual density determinations have been omitted at the request of 
the Publication Committee to space. 
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Table IV. 


Contraction of Mixtures of Nitric Acid and Nitrogen Peroxide.. 


Contraction per c.c. of solution. Contraction per gram of solution. 


p. 

4°. 

11°. 

18°. 

4°. 

11°. 

18°. 

1*22 

0-0032 

0-0033 

0-0034 

0-0021 

0-0022 

0-0023 

S-02 

0-0234 

0-0242 

0-0251 

0-0149 

0-0156 

0-0163 

16-88 

0-0489 

0-0506 

0-0521 

0-0305 

0-0318 

0-0330 

26-09 

0-0724 

0-0743 

0-0763 

0-0443 

0-0458 

0-0474 

34-92 

0-0896 

0-0917 

0-0938 

0-0542 

0-0559 

0-0575 

37-60 

0-0934 

0-0954 

0-0976 

0-0563 

0-0580 

0-0597 

42-01 

0-0985 

0-1005 

0-1025 

0-0592 

0-0609 

0-0626 

43-71 

0-0997 

0-1017 

0-1036 

0-0599 

0-0616 

0-0632 

46-70 

0-1008 

0-1027 

0-1044 

0-0606 

0-0622 

0-0637 

48-66 

0-1011 

0-1028 

0-1044 

0-0608 

0-0623 . 

0-0638 

49-96 

0-1011 

0*1026 

0-1040 

0-0608 

0-0622 

0-0636 

51-37 

0-1005 

0-1019 

0-1031 

0-0605 

0-0619 

0-0632 

53-10 

0-0988 

0-0998 

0-1005 

0-0596 

0-0607 

0-0618 

93-86 

— 

— 

0-0023 

— 

— 

— 

96-93 

0-0008 

0-0009 

0-0009 

— 

— 

— 

98-49 

0-0004 

0-0005 

0-0006 

— 

— 

— 


are also set out in table III, as they give an important clue to the 
nature of the combination which is taking place in the mixture. 

Another important matter bearing on this is the contraction 
which takes place at various constitutions of the mixture. The 
euthetic point, that is, the point of closest packing (see Bousfield, 
T., 1915, 107, 1412), may be obtained by calculating the ratio of 
the volume of the constituents before mixture to the volume at the 
same temperature after mixture, which is 

7 ? = Pv,+(100.-P)w 

100t> 

where v 0 = specific volume of nitrogen peroxide, m —specific volume 
of nitric acid, v — specific volume of the mixture. 

It should be noted that 72 — 1 is the contraction per c.c. of solu¬ 
tion formed, the values of which are set out in table IV. 

In the same table are set out the values of the difference between 
the volume of a gram of the constituents before mixing and the 
volume after mixing, which is 


a P^ + ( 1Q0-P) w _ 

.. '100 

Consideration of the Results .—The results given in the tables 
are exhibited in Pigs. 1, 2, 3, and 4, where they are set out on 
the values of P, the percentage by weight of nitrogen peroxide, as 
abscissse. There are shown in; 
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Fig - . 1, the specific volumes of the mixtures. 

Fig. 2, the values of R — 1 near the maximum. 

Fig. 3, the values of A near the maximum. 

Fig. 4, the temperature coefficients for the intervals 4—11° and 


11—18°. 


Fig. 1. 

90 100 



Specific volume of mixtures of nitric acid and nitrogen peroxide at 
4°, 11° and 18°. 

Percentage, of nitrogen'peroxide, 
y=Specific volume. 


The notable heat of evolution on mixing approximately equal 
weights of nitric acid and nitrogen peroxide (which it is proposed 
to determine accurately at a later stage) indicates a powerful com¬ 
bination. The minimum values of the specific volume curves give 
the same indication, showing a notable contraction of about 10 
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The position of the minimum is so largely determined by the 
mere density differences of the two components that it cannot locate 
precisely the percentage of the combination. 

The euthetic point (see Bousfield, loc. cit.) is generally very close 
to the neighbourhood of the point of definite composition. The 


Fig. 3. 



Contraction per gram of solution. 
x=P. 
y- a. 


values of the contraction per c.c. of solution which determine the 
euthetic point are given in table TV and set out in Fig, 2. The 
maxima correspond with the euthetic point, and occur: 

for 4° at about 49-2 per cent. 

for 11° „ 48*4 

for 18° Jf 47-6 „ 
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Tlie actual position of the euthetic point is determined, not 
only by contraction due to combination, but. also by contraction 
due to changes in the polymerisation of the constituents. The 
high temperature coefficients for both constituents indicate that 
these changes are notable. The percentage 49'2 at 4° corresponds 
very nearly with the composition 3HN0 3 ,2N 2 0 4 . 

If we take the curves in Fig. 3, in which the values of the con¬ 
traction per gram of solution are set out, the effect of polymerisa¬ 
tion is to some extent excluded, and the maxima for 4° and 11° 
appear to occur at 49'3 per cent., whilst that for 18° is again 
shifted slightly to the left. On the whole, then, it may be said 



Temperature-coefficients of specific volumes of mixtures of nitric acid 
and nitrogen peroxide. 

x—P. 

y = Temperature-coefficient a. 

that the indications point to the composition of the definite com¬ 
pound 3HN0 3 ,2N 3 0 4 , which corresponds with 49'33 per cent. 

An inspection of Fig. 4, in which the temperature coefficients 
are. set out, shows a definite minimum at 26‘7 per cent., which 
appears to be the same for each range of temperature; this corre¬ 
sponds with the definite composition 4HN0 3 ,N 2 0 4 . The first part 
of the specific volume curve shown in Fig. 1 is approximately 
straight, which indicates that the whole of the nitrogen peroxide 
added up to about 15 per cent., enters into this combination with 
nitric acid. Furthermore, the proportions of nitric acid and the 
compound, 4Hbr0 3 ,]Sr 2 0 4 ,. derived from the mass-action relation 
give a calculated specific volume which corresponds closely with 
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the actual specific volume curve for a considerable distance, that 
is, until the effect of the increasing proportion of the still denser 
combination becomes sensible. On the whole, we may conclude 
that at least two definite compounds exist in the solutions, namely, 
4HN0 3 ,N 2 0 4 and 3HNG 3l 2N 2 0 4 . 

The Cornposition of the Double Layers .—The specific volume 
curves have a gap between about 54 and 92 per cent. If at 4—18° 
a mixture between these limits is made, the solution separates into 
two layers, which are mutually saturated. 

Nitrogen peroxide is soluble in nitric acid up to- about a 54 per 
cent, solution, but the solubility of nitric acid in nitrogen peroxide 
is very much less. In order to determine the maximum solubili¬ 
ties at different temperatures, the two components were shaken 
together from time to time at the required temperatures, forming 
a cloudy liquid, and kept in a thermostat until the two clear layers 
were completely separated. The different layers were then drawn 
off into a pyknometer at the required temperatures, and again kept 
in the thermostat at these temperatures during the adjustment of 
the pyknometer. The resulting density determinations enabled 
the compositions to be determined. 

In table Y are given the density observations for saturated 
solutions of nitric acid in nitrogen peroxide, together with the 
specific volumes at the temperatures and the resulting percentage, 
p, of nitric acid in the saturated solutions. 


Table Y. 


Saturated Solutions of Nitric, Arid in Nitrogen Peroxide. 


Percentage of 
nitric acid. 


4° 1-48742 

II 1-47351 

IS 1-45940 


0-67231 

4-90 

0-67865 

6-67 

0-68521 

8-05 


Since at this end of the specific volume curves they are practic¬ 
ally straight lines, the percentages are easily calculated from the 
formula 

v 0 -v t -&p, 

where c 0 — specific volume of nitrogen peroxide, vt —specific volume 
of solution containing p per cent, of nitric acid, the values of the 
constants being: 

4°. 11°. 18°. 

i> 0 0-67435 0-68172 0-68938 

8 0-000424 0-000476 0-000526 

It will be observed that the solubility of nitric acid in nitrogen 
peroxide rises rapidly with temperature, being about doubled in 
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the range from 0° to 20°. The values indicate that the solubility 
would vanish at about —10°. 

In table VI are given the. density observations for saturated 
solutions of nitrogen peroxide in nitric acid, together with the 
specific volume at the temperatures and the approximate per¬ 
centages of nitrogen peroxide in the saturated solutions. 


Table VI. 

Saturated Solutions of Nitrogen Peroxide in, Nitric Acid. 



D. 

V. 

P. 

4° 

1-65432 

0-60448 

54-4 

11. 

1-63942 

0-60997 

54-3 

18 

1-62501 

0-61538 

54-0 


In this case, the approximate compositions are determined 
diagrammatically from a large-scale specific volume curve. The 
temperature of my laboratory in the end of May when these last 
observations were taken made them very difficult. It is, however, 
clear that the change of solubility with temperature is in this 
case very small, and it appears to diminish with rising temperature. 

St. Swithin’s, 

Hendon, N.W. [ Received, August 29*7/, 1918.] 


IV .—The Effect of Dilution in Electvo-titrimetric 
Analyses. 

By Gilbert Arthur Freak. 

The first application of conductivity measurements to analysis is 
that due to Krister and Griiters (Zeitsch. anorg. Ghem., 1903, 35, 
454), who showed that acids could be titrated accurately by these 
means. Later, Krister, Griiters, and Geibel (ibid., 1904, 42, 225) 
proved the accuracy of the method even when such substances as 
potassium dichromate and potassium permanganate were present in 
the acid solution. The estimation of acetic acid in vinegar, of total 
acid in red wine, of magnesia, and of various alkaloids was also 
shown to< be possible. 

Further work has demonstrated that the method is capable of 
very varied application. Amongst the uses to which it has been 
put may be noticed the analysis of wines by Duboux (Ghem. Zeit.., 
1913, 37, 879) and by Duboux and Dutoit ( 'Com.pt. rend., 1908, 
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147, 134), the preparation of neutral ammonium citrate solutions 
by Hall (J. hid. JUnr/. Ghem., 1911, 3, 559), and the analysis of soil 
solutions by Van Suclitelen and Itauo (52 nd Ann. Rep. Mich. 
Board of Aqric 1913, 49). The last-named workers have also pub¬ 
lished (J. Amer. Ghem. Soc. } 1914, 36, 1793) the results of experi¬ 
ments on the estimation of chlorides, sulphates, nitrates, phosphates, 
potassium, calcium, ferrous iron, strong and weak acids, and of 
chlorides and phosphates in urine. Quite recently, Harned (J. 
Amer. Ghem. Soc., 1917, 39, 252) has shown that certain bivalent 
metals in the form of their sulphates can he determined accurately 
by the conductivity method by titration with barium hydroxide. 
Meerburg (Versi. v. h. Gentr. Lab. t. b. h. v. h. StaaAsoez. o. d. 
Volksgehondh., 44-54, 1917; Ghem. WeeJiblad, 1917, 14, 1054) has 
reported adversely on the method as applied to the estimation of 
sulphates by barium acetate and of calcium by oxalic acid, but 
mentions that good results may be obtained in«the determination of 
alkalinity in potable waters. 

It is noteworthy that, although the method has been applied to 
so many reactions, no attention has been paid to the lower limit 
of concentration at which accuracy may still be obtained. Most of 
the experiments have been carried out on relatively concentrated 
solutions (seldom weaker than O'liV), the only reference to results 
with very dilute solutions being one by Van Suchtelen and Itano 
(loc. cit.), who state that the titration of as little as 5 c.c. of 
O'OOliY-sulphuric acid with O'OliV'-sodium hydroxide can be per¬ 
formed accurately. In those titrations involving the precipitation 
of a salt, the solubility of which would he expected to limit the 
sensitiveness of the method, this point has not been touched upon. 

It appears, therefore, to the author that an investigation of this 
nature was desirable. If the method is capable of yielding accurate 
results at very low concentrations, many estimations, for example, 
those carried out in the analysis of potable waters, could be made 
without previous concentration of the solutions. The present com¬ 
munication is concerned with the limits of the method as applied 
to the estimation of sulphates, chlorides, calcium, and magnesium. 
Rigid accuracy was not aimed at, the object being to find to what 
extent the method could compete with ordinary gravimetric or 
volumetric processes without the introduction of troublesome pre¬ 
cautions. To that end, beyond the use of standardised measuring 
vessels and of e< purest ” commercial reagents, no special precautions 
were taken. No attempt was made to keep the temperature of the 
Solutions constant during the titrations, the duration of which was 
usually fifteen to twenty minutes. 
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Experimental. 

Except for the use of a double receiver telephone, which proved 
very convenient in minimising the interference of external noises, 
the apparatus employed was of the usual nature and therefore calls 
for no special comment. 

The liquid to be titrated was placed in a beaker of such a size that 
thorough mixing could be effected by giving the vessel a rotatory 
motion, the stationary electrodes serving as a stirrer. The reagent 
was delivered from a burette capable of being read to O'Ol c.c. 
The curves were plotted with conductivity as ordinates and volume 


Fig. 1. 



of reagent as absciss®, and in order to eliminate experimental 
errors at least three, and usually more, readings were taken on each 
limb of the curve. 


Estimation- of Sulphates. 

A stock solution of Merck’s purest potassium sulphate was pre¬ 
pared and the S0 4 estimated gravimetrically in duplicate as barium 
sulphate. From this solution weaker solutions were prepared by 
dilution. For the titration of these, two solutions of barium 
chloride, approximately A/10 and N/25 respectively, were prepared 
and similarly standardised. 

Table I shows that the results are accurate only down to a con¬ 
centration of about 200 milligrams of S0 4 per litre, a typical curve 
being shown in Fig. 1. When the concentration of S0 4 is 100 milli- 
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grams or less per litre, the precipitation of barium sulphate is so 
incomplete that the resulting curve changes entirely in character, 
exhibiting irregularity, but no definite break such as appears in 
Fig.l. 

Van Suchtelen and Itano ( loc. cit.) added to their solutions a 
certain amount of the salt that was to be precipitated with the 
object of avoiding errors due to solubility. In order to test this 
procedure, a suspension of fine precipitated barium sulphate in dis¬ 
tilled water was added to the sulphate solution in the beaker some 
little time prior to titration. The results are given in Table II. 


Table I. 


Concentration of S0 4 , 

Strength of 

S0 4 found. 

nig. per litre. 

BaCl s . 

Per cent. 

990 

N/10 

100-0, 100-4, 99-4 

198 

„ 

99-2, 99-2, 99-2 

99 

49-5 

N/k>} 

No end-point. 


Table II. 


Concentration of SO*, 

Strength of 

S0 4 found. 

mg. per litre. 

BaCl 2 . 

Per cent. 

99 

N/10 

99*7, 99-7 

49-5 

N/25 

99-5, 99-2, 99-6 

24*7 

9*9 


End-point indefinite. 


Reference to table II will show that this method succeeded to a 
certain extent as, by means of it, good results were obtained down 
to a concentration of about 50 milligrams of S0 4 per litre. How¬ 
ever, it was not effective when only 25 milligrams of S0 4 per litre 
were present, giving curves with an indefinite end-point of the type 
shown in Fig. 2. Titration at boiling temperature did not alter the 
character of this curve. In such cases it is possible, by taking only 
those points well remote from the curved portion, to arrive at an 
approximate value for the end-point (see dotted lines). For instance, 
figures derived in this manner from experiments on solutions 
containing 25 milligrams of S0 4 per litre were about 5 per cent, 
in excess of the correct value. 


Estimation of Chlorides. 

The salt chosen for this purpose was a sample of Merck’s purest 
fused sodium chloride. A stock solution of this, together with the 
approximately A/10- and Nj 25-silver nitrate solutions used fa/ 
titration, was standardised by duplicate gravimetric estrm,ations as 
silver chloride. 
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The results obtained with varying concentration of chlorine are 
shown in table III. 


Table III. 

Cl found. 

Per cent. 

99-7, 99-3 
100-1, 99-3, 100-8 
100-2, 100-9 
100-6, 100-8 
End-point indefinite. 

As in the case of sulphates, a limit of concentration is reached at 
which the method fails, the figure in this instance being 10 milli- 


Concentration of Cl, 
mg. per litre. 
1000 
200 
50 
10 


Strength of 
AgNO a . 
A/10 

N’l 25 



grams of chlorine per litre. The addition of precipitated silver 
chloride before titration did not render the end-point sharp at lower 
concentrations. 

The type of curve obtained in this estimation is similar to that 
shown in Fig. 1. 

Estimation of Calcium. 

A stock solution of calcium chloride was prepared by dissolving 
pure calcite in hydrochloric acid and eliminating the excess of acid 
by repeated evaporations on the water-bath. Both this solution 
and the approximately N /10-ammonium oxalate solution employed 
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in tlio titrations were standardised by means of potassium perman¬ 
ganate. 

Table IV shows the results obtained. 

Table IV. 

Concentration of Ca, Ca found, 

mg. per litre. Per cent. 

500 100-0, 100-4, 99*2, 100-4 

200 99-1, 100-6, 99-1 

100 End-point indefinite. 

As in the case of the determination of chlorides, previous addi¬ 
tion of the precipitated salt did not lead to sharp end-points at the 
last-mentioned concentration. In three such experiments, figures 
given by producing the straight portions of the curves gave 97•[>, 
97'6, and 95*8 per cent, respectively of the amounts taken. 

Estimation of Magnesium. 

A solution of Merck’s purest magnesium sulphate was employed, 
standardisation being effected by duplicate estimations as mag¬ 
nesium pyrophosphate. An approximately N / 10-sodium hydroxide 
solution, standardised by means of sulphuric acid and pure sodium 
carbonate, was used for titration. 

Variation of the concentration of magnesium gave results shown 
in table V. The typical curves for these cases have no minimum, 
but exhibit a definite break. 


Table V. 


Concentration of Mg, 
mg. per litre, 
a 39 
269-5 
202 
134-5 


Mg. found. 

Per cent. 

99-2, 99-7, 99-7 

99- 7, 100-1, 100-4, 100-1 

100- 8, 99-9, 100-8, 100-6 
End-point indefinite. 


Addition of magnesium hydroxide prior to titration lead to no 
improvement at the last-mentioned concentration. 

In connexion with the estimation of magnesium by this method 
it is interesting to note that Harned ( Joe . cit.) says, " This titra¬ 
tion gives only a fairly easily detectable end-point for the change in 
direction of the plot before and after the end-point is not great. A 
reagent must, therefore, be sought which will increase the difference 
in the slopes at the end-point.” For this reason he employed 
barium hydroxide to titrate solutions containing magnesium sul¬ 
phate. Apart from the fact that the use of this reagent, to be 
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effective, demands that the magnesium shall he present as sulphate 
and the total elimination of carbon dioxide from the solution, com¬ 
parison of Harned’s figures with those recorded above shows that 
the use of barium hydroxide does not present any definite advan¬ 
tage. It appears that errors from other sources are of greater 
magnitude than that derived from difficulty in reading the inter¬ 
section of the two limbs of the curve. 

Summary of Remits. 

(1) The determination, by means of conductivity measurements, 
of sulphates, chlorides, calcium, and magnesium has been studied at 
low concentrations. 

(2) It has been shown that, in relatively weak solutions, very 
small quantities of each of the above mentioned may be estimated, 
without any attempt at temperature control, with an error not 
exceeding ±1 per cent. 

(3) In each case a limit of dilution is reached at which the 
results cease to be accurate, smooth conductivity curves being 
obtained. With the exception of the case of sulphate estimations, 
saturation of the solution with the salt to he precipitated does not 
lead to an improvement in this respect. 

Wellcome Tropical Kesearch Laboratories, 

Gordon Memorial College, 

Khartoum. [Received, August Oth, 10If?.] 


V .—The Optically Active neo Methylhych • indamines. 

By (the late) I/r. Joseph Walter Harris." 

The reduction of j6-m ethyl-a-hydrindoxime, CH 2 <C^^ l ]!>C 1NOH, 
with sodium amalgam and acetic acid leads to the formation of two 

* Lt. J. W. Harris, B.Se., was one of those who, actuated by a high sense 
of patriotic duty, joined the O.T.C. of the University College, Nottingham, 
before there was any immediate prospect of a war, and his efficiency and 
enthusiasm led to his promotion to the rank of colour sergeant. In the summer 
of 1914 he had just completed his first piece of research work and when war 
was declared he immediately volunteered for active service. Shortly after¬ 
wards he was given a commission in the 3rd Lincolns and went to the Western 
front, where he was killed in action during the early part of the war. 

His death was a great blow to all who knew him, whether in civilian or in 
military life ; he was a most promising chemist, an ideal officer. The present 
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(H- bases, one of wliich may he isolated by the fractional crystal¬ 
lisation of the hydrochlorides prepared from the mixture (Kipping 
and Clarice, T., 1903, 83, 913). The other base cannot be obtained, 
at any rate easily, in this way or by a similar treatment of the 
normal sulphates, benzoates, cinuamates, or picrates, but by frac¬ 
tionally crystallising the rf-br om o cam ph o r su 1 ph on a t es and mechani¬ 
cally separating the obviously different crystals, both the c//-bases 
can be ultimately obtained in a state of purity (Tattersall and 
Kipping, T., 1903, 83, 918). 

As this method of separation was unsatisfactory, the author of 
this paper, at the suggestion of Professor Kipping, made some 
further experiments on the subject, and found that the two rtf-bases 
in the crude product could be isolated in the manner described 
below. He then succeeded in resolving the dl-neo -base into its 
optically active components, both of which were obtained in a state 
of purity. 

All the four optically isomeric jS-nietliylliydrindamiues, therefore, 
have now been characterised; the two neo-bases, which form only 
about 25 per cent, of the original mixture, have very low molecular 
rotations compared with those of the other two methylhydrind- 
amines. 


Separation of M cthylhydrmdamme and neoMethylhydrindaniine 
by means of their Hydrogen, Oxalates . 

The aqueous solution of the mixed bases obtained by the reduc¬ 
tion of methylhydrindoxime was neutralised with finely divided 
oxalic acid, and a further equal quantity of acid was added. This 
solution was then concentrated and cooled. The first fraction con¬ 
sisted of tufts of long, silky needles, and was nearly pure methyl- 
hydrindamine hydrogen oxalate. Subsequent fractions were simi¬ 
lar, but the needles gradually became less well defined, and when 
about two-thirds of the total substance had been separated the 
deposits consisted of hard, crystalline masses. The latter, after 
several recrystallisations from water, yielded tufts of needle-like 
prisms which were' neomethylhydrindamine hydrogen oxalate. Some 
ammonium salts separated in large, transparent masses from time 
to time, but these were easily removed by extracting the salt of the 
organic base with alcohol. By the above method about five-sixths 
of the original mixture was separated into the two dl- salts, the pro¬ 
paper is an account of his work, which he handed to me before he went to 
the front, and except the few lines of introduction and some immaterial 
alterations, the matter is given in his own words.—E. S. K. 
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portion being about three to one, methylhydrindamine being present 
in the larger quantity. 

&\-Methylhydrindamine hydrogen oxalate, 
C 10 H n *NH 2 ,C 2 H 2 O 4 ,H 2 O, 

crystallises from water, in which it is readily soluble, in tufts of 
long, silky needles melting at 110—111°. These are hydrated and 
lose water at 70—80°; at 100° some decomposition is observed, but 
this is not noticeable in the melting-point tube. The dehydrated 
salt melts at 143— : 14o° with slight decomposition: 

0-4338 lost 0-031 at 80°. H 2 0 = 7-14. 

The above formula requires H 3 O = 7-06 per cent. 

The benzoyl derivative of the base, made in the usual way, 
crystallised from alcohol in needles melting at 150°, showing the 
base to be m etliy lhy d ri n dam in e (Tattersall and Kipping, Inc. cit.). 

dl-neoil/ ethylhydrindamine hydrogen oxalate ., 

CioHjpNH^CgHgOi^HoO, 

in an impure condition, crystallises in compact masses. From water 
and alcohol the pure compound is obtained in tufts of needle-like 
prisms, which partly liquefy at about 100° and finally melt at 
173—175°, which is the melting point of the anhydrous salt. When 
treated with benzoyl chloride, the salt gave a benzoyl derivative, 
crystallising in needles and melting at 169°, which is the melting 
point of the benzoyl derivative of ncometliylhydriiidamine (Tatter¬ 
sall and Kipping, loc. cit.): * 

0-4336 lost 0-0568 at 90°. H 2 0 = 13T. 

The above formula requires a loss of 13’2 per cent. 

0T454 anhydrous salt gave 0*3246 CO„ and 0*0834 H„0* C = 60*8; 
H=6-4. 

C 12 H ir) 0 4 N requires C = 60-S; H = 6"33 per cent. 

Resolution of dl-neo Methylhydrindamine. 

dl-neod/ et Jiyl hydrin da min e hydrogen oxalate (20 grams) was 
decomposed with sodium hydroxide, the base distilled in steam, and 
the distillate neutralised with tartaric acid, a further equal quan¬ 
tity of the acid being added to form the hydrogen salt. The solu¬ 
tion was then concentrated to a small bulk, allowed to cool, and a 
crystal of pure 7-rccomethylhydrindamine hydrogen tartrate intro- 

* Since the melting point of the A -base described by Kipping and Clarke 
{loc. cit ) was 169°, it is evident that by the fractional crystallisation of the 
hydrochlorides of the mixed bases, the salt of dbweomethylhydrindamme 
is first isolated, whereas in the case of the d-bromocamphorsulphonates the 
salt of dl -methylhydrindamine forms the most sparingly soluble fraction.— 
F. S. K. 
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duced. A deposit consisting of tufts of needles separated and was 
collected. The amount of this fraction was roughly about one-third 
of the whole. If the solution was allowed to remain too long 
before it was filtered, the needle-like crystals became covered with 
white masses. This first fraction was recrystallised from water until 
its melting point became constant and consisted of Aueoiu ethyl- 
hydrindamine hydrogen tartrate (about 8 grams). The mother 
liquors, on further concentration and seeding, gave deposits of 
white masses, obviously a mixture and melting over a wide range. 
The last mother liquors gave long, white needles melting at 165°. 
It was, however, found to be impossible to isolate a pure compound 
from these mother liquors, owing to the great solubility of the salt. 

The whole of the mother liquor was therefore decomposed with 
sodium hydroxide, the base distilled in steam, and the distillate 
neutralised with hydrochloric acid. On concentrating the solution, 
long needles of c^-neomethylliydrindamine separated, but the final 
mother liquor was found to contain a salt which was more readily 
soluble in water than that of the dl- base, and the solution of this 
salt showed dextrorotation. 

To obtain this dextrorotatory base, the active mother liquor was 
decomposed with sodium hydroxide, the base distilled in steam, and 
the solution neutralised with ^-broniocamphorsulplionie acid. The 
solution was concentrated until it became turbid and allowed to 
remain, when a mass of needles separated. These were recrystal¬ 
lised from water until the melting point became constant at 
229—230°. This substance was found to be d-neomethylhydrind- 
amine d’bromoeamphorsulphonate. 

1-neoJ /ethylhydrindamine hydroyen tartrate , 
G la H 11 -NHo,C 4 H c 0 (; ,H 2 0, 

the salt which forms the most sparingly soluble portion described 
above, crystallises from water or alcohol in large, vitreous prisms, 
often growing together in leaf-like masses. It is hydrated, and 
when heated in a melting-point tube it partly liquefies at about 
100° and finally melts at 173°. It is readily soluble in water, less 
so in alcohol, and practically insoluble in ethyl acetate, acetone, 
benzene, or chloroform: 

D'3522 lost 0-0204 at 100°. H 2 0=5'71. 

The above formula requires H 2 0 —5’71 per cent. 

Samples dried at 100° gave, in a 200 mm. tube in aqueous 
solution, the following results: 


Wt. of salt. Vol. of solution. o. [ala. [M]„. 

0*7116 gram . 25 e.e. 0*65° 11 *4° 34° 

0-4600 „ ......... „ 0-42 11*4 34 
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As the* molecular rotation of the tartaric acid ion in its metallic 
hydrogen salts is [M] D 42°, that of the base is [M] D —8°. 

1-neoMethylhydrindamine d-b romocamphorsulphonate, 

C 10 H n *NH s ,C 10 H u OBr-SO s H ) 

is moderately soluble in water, and crystallises from the warm solu¬ 
tion in aggregates of needles, the solution first becoming milky if 
the salt is not free from the optically active isomeric base. These 
needles are hydrated, but lose all their water on exposure to the 
air. The freshly crystallised substance when heated in a melting- 
point tube partly liquefies at about 80° and finally melts at 214°. 
It is more readily soluble in alcohol than in water, and easily 
dissolves in ethyl acetate, chloroform, or acetone, but is insoluble 
in ether. 

The anhydrous salt was examined in aqueous solution in a 
200 mm. tube. 


Wt. of salt. Vol. of solution. a. [a] u . [M]„. 

0-5068 . 25 c.e. 2-32° 57-2° 262° 

0-3856 . „ 1-75 57-1 261 


Taking the molecular rotation of the bromocamphorsulphonic acid 
ion to be [M] D 270°, these results give a value of [M] D -8° or -9° 
for the base. 

1-neol/ ethylhydrindamine hydrochloride, C 10 H 11 *NH 2 ,HC1, is 
much more readily soluble in water than the hydrochloride of the 
tZZ-base, and crystallises from this solvent in long, silky needles. It 
is very readily soluble in water or alcohol and also dissolves in 
ethyl acetate or chloroform, but is practically insoluble in ether or 
carbon tetrachloride. When heated in a melting-point tube, the 
substance- begins to char at about 235°. The air-dried salt is 
anhydrous. 

The following results were obtained in aqueous solution in a 
200 mm. tube: 


Wt. of salt. Yol. of solution. a. [a]i» [MJ D . 

0-5250 . 25 c.c. -0-13° -3-1° -5-7° 

0-7986 . „ -0-23 -3-6 -6-5 

0-7754 . „ -0-21 -3-4 -6-2 


1-neo M ethylhydrindamine d-campho'rsulphonate, 
G 10 H n -NH 2 ,C 10 H 15 O-SO s H, 

is very readily soluble in water, and crystallises in long, vitreous 
prisms. The air-dried salt is anhydrous, and when heated sinters 
at about 210° and finally melts at 220°. It is readily soluble in 
chloroform, sparingly so in alcohol or acetone, and practically 
insoluble in ether or ethyl acetate. 

VOL. CXV. D 
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The following results were obtained in aqueous solution in a 
200 mm. tube: 


Wt. of salt. Vol. of solvent. a. [«]„. [M]„. 

0-5898 .. 25 c.c. 0-54° 11-4° 43-2° 

0-5282 . „ 0-50 11-8 44-7 


Taking [M] D for camphorsulphonic acid as 49°, these results give 
for the base [M] D — 5’8° and —4*3° respectively. 

The benzoyl derivative of 7-weomethylhydrindamine crystallises 
from aqueous alcohol in long, silky needles melting at 171°. 

d-i\eoM ethylhydrindamine d -brotnocaniphorsulphonate, 
C 10 H u -NH 3 ,C 10 H 14 OBr-SO 3 H, 

is readily obtained in a pure condition from the active base con¬ 
tained in the mother liquors from the «ihhydrochloride (see above). 
It crystallises from warm water in tufts of fine, silky needles, and, 
as with many other bromocamphorsulphonates, the warm solution 
becomes milky when the salt separates unless it is free from its 
optical isomeride. The freshly crystallised salt contains water, 
probably one molecular proportion, but it was impossible to obtain 
accurate determinations on this point, since the salt rapidly loses 
water in the air and the air-driecl salt is anhydrous. 

1 • 69 of the salt, roughly dried in the air, lost 0’544 at 100°. 

Loss = 3 ’2, whereas 1H 2 0 requires a loss of 3*1 per cent. 

When the freshly crystallised salt is heated in a melting-point 
tube it partly liquefies at about 100° and finally melts at 229—230°. 
It is moderately soluble in water, more readily so in alcohol; it is 
also soluble in acetone or ethyl acetate, but insoluble' in carbon 
tetrachloride or ether. 

d-neoil/ e t hi/l hydrin da min e hydro chi oride, C in H n 'NHo,H Cl, pre¬ 
pared from the pure bromocampliorsulphonate, was dried at 100° 
and examined polarimetrically in aqueous solution in a 200 mm. 
tube. 


Wt. of salt. Vol. of solution. a. [a] u . lM] n . 

0-5200 . 25 e.c. 0-13° 3-1° 5-7° 

0-4268 . „ 0-10 3-0 5-6 


d-neo Methylhydrindamine hydrogen tartrate, 
^ioHh*NH 3 ,C 4 H 6 0 0j H 2 0, 

is much more readily soluble in water than the hydrogen tartrate 
of the 7-base, and crystallises in aggregates of needle-like prisms: 
L2146 air-dried salt lost C0726 at 100°. H 2 0 = 5 , 9, 

The above formula requires H 2 0 = 5*71 per cent. 

When heated in a melting-point tube the salt sinters at about 
90° and finally melts at 166—167°. The following results were 
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obtained with aqueous solutions of the anhydrous salt in a 200 mm. 
tube : 


Wt. of salt. Vol. of solution. a. [a] 0 . [M] u . 

0-3122 . 25 c.c. 0-40° 16-0° 47-5° 

0-3328 . „ 0-43 16-2 48-1 


Taking- the molecular rotation of the tartaric acid ion in its 
hydrogen salts as [Mj D 42°, these results give [M] D 5*5° and 6*1° 
respectively for the base. 

■d-neo Methylhydrindamhte d-camphorsulphonate, 
C 10 H u -NH 2 ,C 10 H 15 O*SO 3 H, 

crystallises from water in felted masses of needles which melt and 
decompose' at 195—205°. The salt is extremely readily soluble in 
water and readily so in alcohol or chloroform. It is sparingly 
soluble in ethyl acetate and practically insoluble in ether. 

A sample dried at 100° examined in aqueous solution in a 
200 mm. tube gave the following result: 0*6176 gram in 25 c.c. of 
.solution gave a 0*73°, [aj^ 14*8°, [M] D 56*1°. Taking the molecular 
rotation of the acid ion as 49°, that of the base is [M] D 7°. 
University College, 

Nottingham. . [Received, December 16 th, 1918.] 


VI.— Chromatocobaltiammines. 

By Samuel Henry Clifford Briggs. 

Previous investigations have shown that the chromate radicle 
possesses considerable residual affinity, and has a strongly marked 
tendency to form complex salts (Briggs, Zeitsch. anorg. Ghent., 
1907, 56, 246; 1909, 63, 325; Groeger, ibid., 1908, 58/412). It 
was therefore to be expected that the chromatocobaltiammines 
would be a well-defined and stable class of substances, containing 
one or more non-ionisable chromate radicles. As soluble compounds 
containing a non-ionisable chromate radicle have not previously 
been described, the study of the chromatocobaltiammines was under¬ 
taken in order to compare the properties of the chromate radicle in 
non-ionisable combination with those of the ionisable radicle in the 
ordinary chromates. 

The chromatocobaltiammines are readily prepared by the action 
of potassium chromate on the corresponding aquo-compounds in 
.solution. Thus, when a solution of potassium chromate is added 
to a warm solution of an aquopentamminecobaltic salt, a chromato- 

D 2 
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pentamminecobalfcic salt (I) crystallises out on cooling. The nitrate, 
chloride, and chromate of this series were obtained in a pure 
condition. 

The chromatotetramminecobaltic salts (II) are formed in a similar 
manner, and the chromate , dichromate , and nitrate were prepared 
in a pure state. When a solution of a diaquotetramminecobaltic 
salt is treated with an excess of potassium chromate, trichromato- 
octamminedicabalt (III) crystallises out on keeping. Trichromato- 
octamminedicobalfc is isomeric with chromatotetramminecobaltic 
chromate (IV), but the two compounds are very different. The 
former is almost completely insoluble in water, and forms greenish- 
black crystals containing five molecules of water of crystallisation, 
whilst the latter is obtained as a greenish-brown precipitate with 
three molecules of water of crystallisation; it is moderately soluble 
in water, and its solution gives the reactions of the chromate ion. 

Attempts to prepare chromatotriammine compounds by the action 
of potassium chromate on tria-quotriamminecobaltic nitrate were not 
successful, the product being chroinatohydroxotriamminecobalt (V), 
which, however, was not obtained in a completely pure condition. 
It therefore appears that when more than two molecules of ammonia 
in the hexamminecobaltic radicle are replaced by the chromate 
radicle, the products are unstable in the presence of water, and 
undergo hydrolysis. This explains why endeavours to prepare 
potassium cobaltic chromate, K 3 Co(Cr0 4 ) 3 , by oxidising cobaltous 
salts in the presence of potassium chromate, failed, cobaltic hydr¬ 
oxide and potassium dichromate being obtained. The formation of 
chromatohydroxotriammineeobalt in the above manner also supports 
the view that the basic chromates are kydroxo-compounds in accord¬ 
ance with Werner’s theory of basic salts (“ Neuere Anschauungen 
anf dem Gebiete der anorganischen Chemie,” 3rd ed., pp. 177-178). 

Some evidence was obtained which pointed to the existence of a 
chromatoaquotriammme series (VI), a compound being prepared 
which had the composition of chromatoaquotriamminecobaltic 
dichromate: 



In the chromatopentammine- and chromatotetrammine-cobaltic 
salts the chromate radicle in the complex is non-ionisable, no pre- 



BRIGGS : GHROMATOOOBALTIAMMINES. 


69 


cipitate being obtained when silver nitrate is added to cold, freshly 
prepared solutions of the pure nitrates. If the mixture is allowed 
to remain for some time, however, silver chromate is slowly 
deposited, showing that the chromato-salts have a tendency to pass 
into the corresponding aquo-salts as seen from the equation: 

■ ( Co 6ffH 8 ) NO * +2AgNO s + H.O = (Co 5 '®0lTO J ) J + Ag 2 CrO 4 . 

If the solution is heated the change takes place at once, and silver 
chromate is immediately precipitated. 

The chromate radicle in these compounds reacts with hydrogen 
ions in the same way as in the ordinary chromates. When an acid 
is added to a solution of a chromatopentammine or chromato- 
tetrammine salt, the complex is decomposed, as seen from the 
change in colour of the solution. 

In the chromatopentammine salts the chromate radicle fills one 
co-ordination position according t.o Werner’s theory, whereas in the 
chromatotetrammine salts it fills two positions. 

The entrance of the chromate radicle into the complex is accom¬ 
panied by marked intensification of colour, and all the chromato- 
cobaltiammines are deeply coloured substances. 

Experimental. 

Pent a mmine Series. 

Ghromatopentamminecobaltic Nitrate, 3 ^NO a .—Carbon- 

atopentamminecobaltic nitrate was converted into aquopentammine- 
cobaltic nitrate, and potassium chromate was then added to the 
solution, the details of the preparation being as follows.' 

Carbonatopentamminecobaltic nitrate (2*5 grains) was dissolved in 
100 c.c. of water, a little dilute nitric acid was added, and the 
solution was gently warmed to expel carbon dioxide. The liquid 
was then just neutralised by potassium hydroxide, diluted to 
300 c.c., and heated to 60—70°. One and a-half grams of 
potassium chromate in 100 c.c. of -water also heated to 60—70° 
were added, and the clear solution -was allowed to crystallise. The 
chromatopentamminecobaltic nitrate separated in brownish-red, 
acicular crystals (2 - 2 grams), which were collected, washed with a 
, little water, and dried in the air. 

Found: Co = 18-53; CrO s =31*74; NH S =26*36. 

^Co^QNOg requires Co = 18*35 ; CrO„ - 31 *05; jSrH a = 26*44 per cent. 

The salt was moderately soluble in cold water, and the freshly 
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prepared solution was not precipitated by silver, lead, or barium 
salts, but precipitation took place at once on beating. The chromate 
radicle is therefore situated in the complex, as shown by the above 
formula, and the salt is isomeric with Jorgensen’s nitratopent- 


amminecobaltic chromate, 
23, 245). 


(c° 5 ^® 3 )Cr0 4 (J. pr. (Them 1881, [ii], 


- Chromatopentcimminecobaltic Chloride, ^Oo^^ 4 ^ Cl.—Cliloro- 

pentamrainecobaltic chloride was converted into aquopentammine- 
cobaltic chloride by Werner's method (Ber., 1907, 40, 4104), and 
this was treated with potassium chromate. 

Twenty-five grams of chloropentamminecobaltic chloride were 
heated with 625 c.c. of water and 62-5 c.c. of concentrated aqueous 
ammonia until the chloride was completely dissolved. After cooling, 
the liquid was just neutralised with hydrochloric acid, and heated 
to 60°. Sixteen grams of potassium chromate in 500 c.c. of water, 
also heated to 60°, were then added, and the mixture was allowed 
to cool. After crystallisation was complete, the salt was collected, 
washed with a little water, and dried in the air. Twenty-three 
grams of brownish-red crystals (A) were thus obtained. The mother 
liquor was heated to 50°" and 4 grams of potassium chromate dis¬ 
solved in a little water were added. On cooling, 1‘2 grams of a 
second salt (B) were obtained in yellowish-brown prisms, almost 
insoluble 1 in cold water, but readily soluble on warming to give a 
yellow solution. The salt A was anhydrous, but B contained water 
of crystallisation; otherwise the salts were similar in composition, as 
seen from the analyses: 


A. Found: Co = 19-86; Cr0 3 =33-97, 34'27; Cl=12-02; NH S = 

27- 30, 27-15, 27-08. 

( 0o 5NH ) C1 re( l uires Co " 19 ' 96 5 0rC) 8 = 33-83 ; Cl =12-00; Nff„« 

28- 81 per cent. 

B. Found: Co=16‘91; 01 = 9*80; Cr0 8 =29‘94; NH s =26-6j 

H 2 0 = 13-95. 

2 ( Co 5NH ) Cr0 u 5H 2 ° requires Co = 17-31; 01 = 10-41; CrO a = 29-36 ; 
NH a = 25-0; H 2 0 = 13-22 per cent. 

The solution of the salt *4 on addition of silver nitrate gave a 
copious precipitate. This was filtered off, and on treatment with 
dilute nitric acid was found to consist of silver chloride coloured 
by the presence of a trace of silver chromate. The reddish-yellow 
filtrate, on heating, deposited a precipitate of silver chromate. The 
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salt A was therefore chromutopentamminecobaltic chloride. 


Co, 


CrU 4 

5NH, 


IC1. 


The solution of the salt B on addition of silver nitrate gave a red 
precipitate, which was filtered off, the filtrate being only faintly 
coloured. The precipitate consisted of silver chromate. It dis¬ 
solved in dilute nitric acid, leaving only a trace of silver chloride. 
The salt B was therefore a hydrated chloropentanwiinecobaltic 
C! 


chromate, 2 Co, 


5 Nil. 


)Cr0 4 ,5H 2 0. 


Various preparations of the salt A (chromatopentamminecobaltic 
chloride) were made, hut in all cases the ammonia content was low. 
The salt could not be purified by crystallisation from hot water, as it 
was then found to contain a little of the corresponding chromate, 

( r ^5NH ^ Cr0 4 , which is very sparingly soluble in water. The 


reason for the low percentage of ammonia could not be ascertained, 
and this is all the more remarkable as the salt, on treatment with 
silver chromate, gave the corresponding chromate in a high degree 
of purity. 

Chromatopentamminecobaltic Chromate, ^Co^jj ) Cr0 4 ,3H 2 0. 

—Two grams of silver nitrate were precipitated in the cold with 
1 gram of potassium chromate, and the precipitate was washed two 
or three times by decantation. The supernatant liquid was separated 
as far as possible by decantation, and the precipitate was then 
poured into a solution of 3 grams of chromatopentamminecobaltic 
chloride in 150 c.c. of water at 60°, the mixture being well shaken. 
After a few minutes the .silver chloride assumed a dense form, and 
crystallisation began. The silver chloride was then rapidly col¬ 
lected, and the filtrate, which no longer gave the reactions of the 
chloride ion, was allowed to crystallise. Chromatopentammine¬ 
cobaltic chromate separated in glistening, scaly crystals, similar in 
colour to silver chromate. The yield was 1*5 grams. The crystals 
consisted of a trihydrate, which lost 2f molecules of water after 
exposure over sulphuric acid in a vacuum for two or three weeks 
(loss = 7T6! 2fII 2 0 require a loss of 7*17 per cent.). The resulting 

hydrate, became anhydrous above 100°. The 

complete analysis of the trihydrate gave: 


Found: Co = 17*48; Cr0 3 =43*64; NH 3 =24*83; H 2 0 = 7*G4. 
(c°g^^ 4 ) Cr0 4 ,3H 2 0 requires Co= 17*09; Cr0 3 = 43 6; NH ? == 

24*68 ; H^O = 7*83 per cent, 
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T'etrammine Series. 

Carbonatotetraniminecobaltic nitrate was prepared by Jorgensen’s 
method ( Zeitsch . anorg. Chem ., 1892, 2, 282), and this was con¬ 
verted into diaquotetramminecobaltic nitrate by acidification of its 
solution. On treating the solution of diaquotetramminecobaltic 
nitrate with potassium chromate, either chromatotetrammine- 
cobaltic nitrate, chromatotetramminecobaltic chromate, or tri- 
chromato-octamminedicobalt could be obtained in the pure state, 
according to the conditions employed. 

Chromatotetramminecobaltic Nitrate, 2^Co^N0 3 ,H 2 0.—A 

solution of 4 grams of carbonatotetramminecobaltic nitrate in a 
little water was treated with dilute nitric acid, warmed gently to 
expel carbon dioxide, just neutralised with potassium hydroxide, 
and the volume made up to 40 c.c. Twenty grams of ammonium 
nitrate were dissolved in the liquid, and a solution of 1’2 grams of 
potassium chromate in 10 c.c. of water was added, drop by drop, in 
the cold, with vigorous stirring. The stirring was continued for a 
minute or two until crystallisation was complete, and the dark 
reddish-brown deposit was then immediately collected, washed with 
a little water, and dried in the air. The yield was 0*9 gram. The 
product was a hemihydrate, which lost its water of crystallisation 
after exposure for two days over sulphuric acid in a vacuum. 

Found: Co = 18-86; Cr0 3 =3r68; NH 3 =21'34; H 2 0 = 3-67. 
2 ( Co 4 < NH 4 )NO 3 ,H 2 0 requires Co = 18-77 ; CrO B = 31*83 ; NH,-21-69 
H.,02-87 percent. 

The salt was moderately soluble in water, giving a deep brown 
solution. Silver, barium, or lead salts did not precipitate the 
freshly prepared, cold solution, but precipitation took place at once 
on heating. The cold solution was also completely precipitated if 
allowed to remain for several days after the addition of the reagent, 
showing that the chromate radicle is gradually eliminated with the 
formation of a diaquotetrammine salt, for example, 

( Co 4NH,) NO > + 2A »' N °3 + 2H *° " ( Co 4N^) (N ° 3)l + Asfil ' 0t ' 

Chromatotetramminecobaltic Chromate, ^ Cr0 4) 3H 2 0.— 

Four grams of carhoiiatotetramminecohaltic nitrate in 80 c.c, of 
water were converted into diaquotetramminecobaltic nitrate as 
described above in the preparation of chromatotetramminecobaltic 
nitrate. To the cold neutral solution of diaquotetramminecobaltic 



BEIGGS : CHEOMATOCOBALTIAMMINES. 


73 


nitrate thus obtained (100 c.c.) 3 grains of potassium chromate, 
dissolved in 50 c.c. of water, were added with vigorous stirring. A 
brown, crystalline precipitate was formed, which was collected 
immediately, washed with water, and dried with alcohol and ether. 
The yield was 2'8 grams. 

The salt contained three molecules of water as water of crystal¬ 
lisation only, being readily evolved when the substance was 
exposed in a vacuum over sulphuric acid. The salt was sparingly 
soluble in water, and its solution was immediately precipitated by 
silver nitrate, showing that some of the chromate content was ionis- 
able. It follows from these facts and the analyses that the com¬ 
pound must have the formula assigned to it. 

Found: Co=18'14; Cr0 3 =45'31; NH 3 = 20'61; H 2 0 = 8-26. 
( Go 4NH ) CrL) n 3H 2 ° i ‘ Co = 17-97 ; CrO s = 45*71 ; N H 3 = 20 77 ; 

H 2 0 = 8*26 per cent. 

Trichromato-octamminedicobalt, 

—Two grams of carbonatotetramminecobaltic nitrate in 30 c.c. of 
water were converted into diaquotetramminecobaltic nitrate in the 
manner already described, and the cold neutral solution (50 c.c.) 
was added, with stirring, to a cold solution of 5 grams of potassium 
chromate in 50 c.c. of water. The clear liquid deposited a greenish- 
black, crystalline substance on keeping. This was collected, washed 
with a little water, and dried in the air. 

Found: Co= 17*14; CrO s =43-32; NH S = 19*44; H 2 0 = 13‘05. 
Co 2 8NH 3 (Cr0 4 ) 3 ,5H 2 0 requires Co=17’04; Cr6 3 =43‘33; 

NH 3 ==19’68; H 2 O = 13’01 percent. 

The five molecules of water were readily evolved on exposing the 
compound in a vacuum over sulphuric acid, and all were therefore 
water of crystallisation only. In view of the facts ascertained with 
regard to chromatotetramminecobaltic chromate and described 
above, it follows that this isomeric compound must be a non-ionis- 
able octamminedicobalt derivative. Its almost complete insolu¬ 
bility in water affords further confirmation of this view. Again, 
since in the diaquotetramminecobaltic salts the water molecules are 
in the “ cis ” position (Werner, “ Neuere Auschauungen auf dem 
Gebiete der anorganischen Chemie,” 3rd ed., p. 347), this tri¬ 
chromato-octamminedicobalt must also have the chromate radicles 
in the “ cis" position, and is therefore a 1: l 7 : 2-2 1 -trichromato- 
octamminedicobalt ‘pentahydrate. Attempts to prepare the corre¬ 
sponding “ tram ” compound by various methods were unsuccessful. 
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Chromatotetramminecobaltic Bichromate, ^Co^ j Cr a 0 7 ,2H 3 0. 

—Four grams of carbonatotetramminecobaltic nitrate were con¬ 
verted into diaquotetramminecobaltic nitrate as described above, 
and tbe neutral solution (80 c.c.) was added slowly, with stirring, to 
a cold solution of 8 grams of potassium dicliromate in 80 c.c. of 
water. The precipitate was immediately collected, washed with a 
little water, and dried in the air. The yield was T9 grams. Three 
separate preparations were analysed, and the ammonia content was 
low in every case, for some reason that could not be ascertained. 


Found: Co = 15*94; Cr0 3 = 53*41, 54*01 j NH 3 = 17*48, 16-6, 16‘4; 
IT 2 0 = 4‘98, 4-76, 5*04. 

( Co 4NH ) Cr A> 2H 2 ° requires Co= 15*97 ; Cr0 3 = 54-19 ; HH,» 
18-4; H 2 0 = 4-88 per cent. 


The three molecules of water were readily given off in a vacuum 
over sulphuric acid, and all were therefore water of crystallisation 
only. From the proportion of cobalt to chromium (2Co: 4Cr) it is 
evident that the salt is chromatotetrainminecobaltie dichromate, 

(c°4Nt[ 4 ^ and. not dichromatotetramminecobaltic chromate, 

in which the proportions are 2Co: 5Cr. Conse¬ 


quently the dichromate radicle is ionisable, and the chromate 
radicle non-ionisable. The salt was moderately soluble in water, 
and the solution was immediately precipitated by silver and barium 
salts. 


Triammine Series. 

Chroma tohydroxQtrmmminecohalt. —Two grams of trinitratotri- 
amminecobalt prepared by Jorgensen’s method ( Zeitsch. anorg. 
Chem 1895, 5, 185) were dissolved in 40 c.c. of cold water, and the 
solution was added to a cold solution of 6 grams of potassium 
chromate in 40 c.c. of water. The brown precipitate (1) was col¬ 
lected, washed with cold water, and dried in the air, when it weighed 
1*7 grams. The filtrate, on spontaneous evaporation, deposited 
crystals of potassium dichromate, as well as of potassium chromate. 
Two other preparations were made (2 and 3), in which 1 gram of 
potassium chromate in 10 c.c. of water was mixed with 6*25 c.c. of 
potassium hydroxide solution (1 c.c. =0*0448 gram KOH), and the 
mixture was poured into a solution of 1*5 grams of trinitratotri- 
amminecobalt in 10 c.c. of cold water. The analyses gave: 



BRIGGS: CHROMATOCOBALTIAMMmES. 75 

Found: (1) H a O = ll'5j Cr0 3 =36‘3; Co=22-9; NII 3 = 15'1. 

(2) HgO^ll-4; CrO s =34-5; Co=22’5; NH 3 = 16‘8. 

(3) NH 3 = 16‘7. 

/ °H \ 

I CoCr0 4 )j2H 2 0 requires H. 2 0 = 12-9; Cr0 3 = 35-8; Co — 21*1; 
\3NH 3 / 

NH 3 = 18-3 per cent. 

Althougli impure, the compound was clearly a hydrated ehromato- 
hydroxotriamminecobalt. 

Ghromatoaquotriamminecobaltic Bichromate .—Two grams of tri- 
nitratotriamminecobalt in 10 c.c. of cold water were added to a 
solution of 3 grams of sodium dichromate in 10 c.c. of water, and 
the mixture was treated with a solution of 0 - 75 gram of anhydrous 
sodium chromate in 10 c.c. of water, in the cold. A copious brown 
precipitate was formed, which was allowed to settle, and then col¬ 
lected, washed with a little water, and dried with alcohol and ether. 
The product, which weighed l - 4 grams, was only sparingly soluble 
in cold water. In a vacuum over sulphuric acid, it lost 3 mole¬ 
cules of water after three days, and a further quarter molecule after 
eighteen days, the weight then remaining constant. The analysis 
agreed closely with the formula given below. 

Found: 3H 2 0 = 7-22; 3£H 2 0=:8-16; Co = 16 06; Cr0 3 = 54-09; 

NH 3 = 13-63. 

/ H 2 ° \ ' 

( CoUr0 4 ) Cr 2 0 7 ,2H 2 0 requires 3H 2 0 = 7-30; 31H 2 0 = 7-91; Co- 

\3NH s / 2 

15-93 ; Cr0 3 - 54-04 ; NH S = 13-81 per cent. 

Note on the Preparation of Garbonatopentamminecobaltic Nitrate. 

The following method of preparation was found to be more con¬ 
venient and more economical than that described by Werner and 
Goslings ( Ber., 1903, 36, 2380). 

Twenty grams of cobalt carbonate were dissolved in the smallest 
possible quantity of dilute nitric acid and the clear solution 
(100 c.c.) was poured into' a mixture of 250 c.c. of concentrated 
aqueous ammonia and 100 grams of powdered ammonium carbon¬ 
ate. Air was drawn through for two or three hours and. the solu¬ 
tion was then allowed to remain for twenty-four hours. The mix¬ 
ture was heated for twenty minutes in a porcelain dish on the 
water-bath with frequent addition of a small piece of ammonium 
carbonate. The brown colour of the liquid changed to deep reel, 
and the mixture was allowed to remain until crystallisation was 
complete. After filtration and washing with a little water, the salt 

D* 2 
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was digested with cold water to remove any ammonium carbonate 
still present. Tlie air-dried product weighed 21 grams. (Found, 

Co = 20‘54; NH 3 = 29-63. (Co 5 ™ 3 )E0 3 ,H 2 0 requires 00 = 20-76; 

NH 3 = 29-95 per cent.) The water was not given off at 100°, or in a 
vacuum over sulphuric acid at the ordinary temperature. 

[Received, October 23 rd, 1918.] 


VII .—Glyceryl Methyl Ether Dinitrate ( a-Methylin 
Dinitrate.) 

By David Trevor Jones. 

During recent years, considerable attention has been devoted to 
the study of the mono- and di-nitrates of glycerol and their 
chlorides and ethers. The interest in these substances has been 
stimulated by the technical possibilities which they appeared to 
offer as ingredients of non-freezing nitroglycerin blasting com¬ 
positions. Among the substances investigated have been the di¬ 
nitrate of monochlorohydrin (East, Zeitsch. ges. Schiess- u. 
Sprengstoffw., 1906, 1, 227), which has been more or less extensively 
used in such explosives as gelatin astralit, gelatin westfalit, etc. 
The mono- and di-nitrates of glycerol have been very exhaustively 
studied by Will ( Ber., 1908, 41, 1107), who commenced the in¬ 
vestigation of these substances with the above-mentioned technical 
object in view. The dimethyl and diethyl ethers of glycerol mono¬ 
nitrate have been described by Paterno and Benelli ( Gazzetta, 
1909, 39, ii, 312), whilst Vender has described the dinitrates of 
monoacetin and monoformin ( Zeitsch. ges. Schiess- u. Sprengstoffw 
1907, 2, 21). 

Glyceryl methyl ether dinitrate, which is here described, was 
prepared by the direct nitration of the a-monomethyl ether of 
Grim and Bocldsch (Ber., 1908, 41, 3471). 
OMe-CH ! ,-CH(OH)-CH 2 *OH + 2HN0 3 -> 

0Me-CH 2 *CH(N0 3 )*CH 2 -N0 3 + 2H 2 0. 
The product, which was readily isolated, was found to solidify 
after being well supercooled and stirred. It is a powerful ex¬ 
plosive, having about two-thirds the strength of nitroglycerin. It 
is, however, much less sensitive to shock, although rather more 
readily exploded by heat. Its effect in lowering the freezing point 
of. nitroglycerin is much the same as that of molecular concentra- 
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tions of monochlorohydrin dinitrate (Kast, loc. cit.) and of ethyl 
nitrate (Nauckhoff, Zeitsch. ange.w. Chan., 1905, 18, 21). All 
these values, however, are in complete disagreement- with the value 
for the freezing-point constant of nitroglycerin as calculated from 
a carefully conducted determination of its latent heat of fusion 
(Hibbert and Fuller, J. Amer. Cliem. Soc., 1913, 35, 979). 

The substance did not appear to exist in a second or labile form 
corresponding with the labile form of nitroglycerin. 

' Experimental. 

G-lyceryl a-monomethyl ether was prepared by Gran and 
Bockisch’s method (loc. cit.). The product distilled at 120°/ 
18 mm., and the yield was 127 grams, or from 200 grams of mono- 
chlorohydrin 66 per cent, of the theoretical. The same yield was 
obtained on repeating the experiment. 


Glyceryl Methyl Ether Dinitrate. 

Sixty-three grams of glyceryl a-monomethyl ether were gradu¬ 
ally added to 480 grams of a mixture of nitric and sulphuric acids 
(HN0 3 =38’6, H 2 SO. 1 = 59 , 0, H 2 0 = 2'4 per cent.), which was cooled 
in ice-water during the nitration. The initial temperature w T as 
13°. During the operation, the temperature was allowed to rise 
to 20°, and was maintained at that point until the end. The 
nitration proceeded quite smoothly, and was easily controlled by 
regulating the addition of the glyceryl methyl ether. The time 
occupied by the nitration was from twenty to twenty-five minutes. 
The product was completely soluble in the mixed acid, and the 
mixture was slowly poured into 800 c.c. of water, the temperature 
being allowed to rise to 40°. The bulk of the dinitrate separated, 
and, after remaining for some little time, the bulk of the aqueous 
layer was poured off and preserved for extraction. The residue 
containing the dinitrate was neutralised with a semi-saturated 
solution of sodium carbonate. The dinitrate was then run off 
from below, the neutralised aqueous layer being added to the 
diluted acid which had been previously poured off. The dinitrate 
was then washed three times at 50° with an equal bulk of 5 per 
cent, sodium carbonate solution, then three times with water, and 
was finally dried in a desiccator over calcium chloride. The yield 
was 75 grams, or 64 per cent, of the theoretical. The neutralised 
aqueous washings were extracted with ether, and the ethereal 
solution was washed with 5 per cent, sodium carbonate solution, 
dried with calcium chloride, filtered, evaporated under diminished 
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pressure, and preserved over calcium chloride in a desiccator. In 
this way, a further yield of 13-9 grams was obtained, the total 
yield being thus 88'9 grains, or 77 per cent, of the theoretical. 

The dry liquid constituting the first and major portion of the 
yield was analysed by the combustion method, but on account of 
its highly explosive nature the weighed-out substance was first 
converted into a weak dynamite by mixing with excess of pre¬ 
viously ignited kieselguhr, the dynamite in turn being mixed with 
roughly powdered copper oxide and introduced into the combus¬ 
tion tube. The combustion proceeded normally. 

The nitrogen was estimated by the nitrometer method, using 
sulphuric acid, as in the analysis of guncotton: 

0-1397 gave 0-1248 COo and 0-0514 IL>0. C = 24-36; H = 4'03. 
0‘5492 ,, 132-3 c.c. NO at 16° and 755 mm. N = 14*15. 

0*638 in 20"45 benzene gave A*=-0*833°. M.W. = 188. 

C 4 H 8 0 7 N 2 requires C=24*28; H = 4*08; N = 14*29 per cent. 
M.W. = 196. 

The substance was therefore undoubtedly a-methylin dinitrate. 

Glyceryl methyl ether dinitrate crystallises in white, monoclinic 
prisms melting at 24°. As first obtained, it was a clear, colour¬ 
less liquid, which became pale yellow on keeping. It crystallised 
with difficulty, and remained liquid, even with occasional shaking, 
for more than two years in a magazine maintained at 15—21°. 
It distilled at 124°/18 mm., that is, at approximately the same 
temperature as the glyceryl methyl ether from which it was derived, 
and some 22° lower than glyceryl dinitrate, the corresponding 
alcohol. 

It is therefore more volatile than' nitroglycerin, and when tested 
at 100° on a watch-glass it was found to volatilise at from seven 
to eight times as rapidly. The liquid has DJ? 1-374 and wj’J 1*4478. 
It is soluble in benzene, toluene, acetic acid, methyl and ethyl 
alcohols, chloroform, ether, or acetone, and insoluble in carbon, 
disulphide or light petroleum. 

It gelatinises nitro-cotton rapidly at the ordinary temperature, 
and after warming it yields a gelatin softer and more plastic than 
that obtained from nitroglycerin. 

The chief interest of this substance lies in its explosive proper¬ 
ties as compared with those of nitroglycerin. It has about two- 
thirds the power of nitroglycerin, although it is much less sensitive 
to shock. Its comparative insensitiveness was demonstrated by 
submitting to the fall-hammer test unfrozen dynamites each con¬ 
taining three parts of explosive to one part of kieselguhr. Both 
substances were placed under a steel disk and subjected to the 
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impact of a weight of 1 kilogram, falling from a measured height. 
The results are set forth in the following table: 



Dinitrate. 



Nitroglycerin. 


Height 



Height 



of fall. 



of fall. 



cm. 

Detonations. 

Failures. 

cm. 

Detonations. 

Failures. 

100 

2 

8 

30 

10 . 

0 

95 

1 . 

9 

20 

10 

0 

90 

1 

9 

15 

9 

1 

So 

0 

10 

10 

0 

10 


The solid substance was very insensitive. It did not explode 
even when scratched with the sharp edge of a thin melting-point 
tube. On the other hand, the dinitrate proved to be more easily 
exploded when heated than did nitroglycerin. "When heated in a 
glass test-tube in a metal-bath, the temperature being raised at the 
rate of 5° per minute, it was observed to explode at 182°, the tri¬ 
nitrate exploding at 192°. 

Comparative power tests of nitroglycerin and methylin dinitrate 
dynamites were made with the. Trauzl lead block and mortar tests. 
In the lead block, the dinitrate dynamite gave an expansion of 
22-9 c.c., a similar charge of nitroglycerin dynamite giving 30'0 c.c. 
In the mortar test, the relative powers indicated by the ballistic 
pendulum were 93'76 kilogram-metres (678 foot-lb.) for the 
dinitrate dynamite as compared with 124*43 kilogram-metres 
(900 foot-lb.) for a similar charge of nitroglycerin dynamite. 
Methylin dinitrate, therefore, would appear to have rather more 
than two-thirds the strength of nitroglycerin. 

In order to determine the lowering effect of the dinitrate on 
the freezing point of nitroglycerin, a form of apparatus was 
adopted similar to that used by Kast (Joe. cit.) for determining 
the melting points of the nitroglycerin isomerides, and by Hibbert 
(Eighth International Congress of Applied Chemistry , 1912, 
IV,' 37)., 

About 5 c.c. of the mixture were inserted in a test-tube 
(15 x 1 cm.) which was fitted into a slightly larger tube, whereby 
the glyceryl nitrates were protected by an air-jacket from the too 
rapid action of the freezing mixture. The freezing agent con¬ 
sisted of ice where mixtures of higher melting point were con¬ 
cerned, and of ice and salt for those of lower melting point. The 
thermometer was allowed to stand in the mixture, direct contact 
between glass and glass being prevented by enclosing the lower 
portion of the thermometer bulb in a band of elastic. The stirrer 
consisted of a flexible piece of platinum wire which was attached 
to a weighted string wound over a simple pulley, and fastened at 
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tli© further end to the outer edge of a -wooden disk rotated by a 
motor. The liquid was first supercooled to the extent of about 
4° or 5°. It was then inoculated with a small-quantity of a frozen 
mixture of nitroglycerin, wood-pulp, and sodium nitrate, and 
vigorously stirred. The maximum temperature was then carefully 
noted and taken as the freezing point. It will be seen that the 
values found for the molecular depression constant for nitroglycerin 
vary from 72'4 to 81*0, thus differing not very greatly from those 
obtained by Nauekhoff (loc. cit.) and by Hast (loc. cit.) with 
ethyl nitrate and monochlorohydrin dinitrate respectively. These 
numbers are in fair agreement with the value 70'5 for the freez¬ 
ing-point constant for nitroglycerin obtained by Nauekhoff (loc. 
cit.) from a determination of its latent heat of fusion. Nauekhoff J s 
method was, however, admittedly defective, and his results differ 
very considerably from those of Hibbert and Fuller (loc. cit.), who 
found the latent heat of fusion (k) of nitroglycerin at 0° to be 
33*2 calories. Corrected to 13°, the melting point of stable nitro¬ 
glycerin, this would become 33*2 + 13’0 (cj — c 2 ), where cq and eg 
are the specific heats of solid and liquid nitroglycerin respectively. 
Accepting Nauekhoff’s values of 0-356 and 0-315 for these, the 
latent heat of fusion of nitroglycerin at 13° would be 33-2 + 
13-0 (0-356-0-315) =34-33. 

Hence the freezing-point constant 

BT Z _ 0-1991 x (273 + 13) 2 _ <(M . 

100k 100 x 34*33 °* 


The results are set forth in the following table, which includes . 
Nauckhoff’s and Kast’s values derived from ethyl nitrate and 
chlorohydrin dinitrate: 

Molecular depression 
constant. 


Composition of 
liquid. 


Nitro¬ 

Metbylin 

Depression 


glycerin. 

dinitrate. 

of freezing 

Calculated 

Grams. 

Grams. 

point. (A) 

from A 

31-69 

1-802 

2-1° 

72-4 

15-31 

1-748 

4*4 

75-6 

8-22 

1-729 

Chloro¬ 

hydrin 

dinitrate. 

8-7 

81-0 

21 

2-1 

4-4 

88-4 

21 

4-2 

6-4-7-2 

62-7-70-5 

21 

6-3 

Ethyl 

nitrate. 

9-4 

60-7 

74-1 

76-0 


Calculated 
from latent 
heat (Hib¬ 
bert and 
Fuller). 
48-5 
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Attempts to obtain a labile form of the substance, analogous to 
that of nitroglycerin were made. The liquid was mixed with glass 
wool and supercooled to varying degrees, with continual stirring 
with a glass rod. When some- of the supercooled liquid which had 
not been previously frozen was inoculated with a trace of this 
product, the solid obtained invariably crystallised at 24°. 

The author desires to express his indebtedness to Messrs. Nobel’s 
Explosive Co. and to Mr. W. Rintoul, the manager of their 
Research Section, for the facilities accorded to him fqr the carry¬ 
ing out and publication of this work. 

Ardeer. [Received, November 7th, 1918.] 


VIII .—The Inflammation of Mixtures of Ethane and 
Air in a Closed Vessel: The Effects of Turbulence. 

By Richard Vernon Wheeler. 

When describing the inflammation of mixtures of methane and air 
it was noted that the speed at which flame spreads through the 
mixture in a closed vessel is demonstrably dependent on the degree 
of mechanical agitation imparted to the mixture, as, indeed, is the 
speed of flame in all combustible mixtures and under all conditions 
other than those existing during the propagation of the explosion 
wave. 

This important fact appears first to have been observed, or, at 
all events, first commented on by Schloesing and de Mondesir about 
the year 1864. Their experiments, which involved an extended 
study of the mode of propagation of flame, were carried out mainly 
with mixtures of carbon monoxide and air, and were undertaken 
in connexion with a research on the working of gas engines. Mallard 
and Le Chatelier, to whom the results of the experiments were 
communicated verbally, have thus described them (Arm. des Min-es, 
1883, [VIII], 4, 298): 

“ Ces recherch.es ont mis en evidence un fait d’une grande im¬ 
portance, 1’influence de 1’agitation du melange gazeux sur la vitesse 
de propagation de la flamme. Des melanges tres lents (et par cette 
expression nous entendrons ceux dans lesquels la vitesse de propaga¬ 
tion est faible) peuvent donner lieu a des propagations pour ainsi 
dire instantanees, c'est-a-dire a, de v€ritables explosions, quand on 
provoque au moment de I’inflammatiou line agitation interieure treg 
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vive, telle que celle que Ton obtient en faisant deboucher an milieu 
d ime masse gazeuse en repos nn jet de gaz anime d’une grande 
vitesse.” 

These observations appear to liave been overlooked or forgotten 
until the subject of the agitation or turbulence of gaseous mixtures 
became of manifest importance during the investigation of gaseous 
explosions instituted by the British Association for the Advance¬ 
ment of Science. New experiments on the subject, by Dugald 
Clerk and Hopkinson, are recorded in the Fifth Report of the 
Committee on Gaseous Explosions (Rep. Brit. Assoc., 1912, 201). 

To quote from his Gustave Canet lecture (Junior Institution of 
Engineers, 1913), Dugald Clerk “had long ago observed that gas 
engines would have been impracticable had the rates of explosion 
been the same in actual engine cylinders as in closed-vessel experi¬ 
ments.” During his experiments in 1912 he “found that the rate 
of explosion rise in the same engine varied with the rate of revo¬ 
lution, increasing with increased number of rotations per minute, 
and was due to the turbulence or eddying caused by the rush of 
gases into the cylinder during the suction stroke, which persisted 
during the compression stroke.” 

By drawing in a charge of mixture into the gas-engine cylinder 
in the, ordinary way, and then tripping the valves and compressing 
and expanding the charge for one or two revolutions before igniting 
it, the turbulence was given time to die away. It was found that 
the effect of thus damping down turbulence was to retard the rate 
of inflammation of the mixture to a remarkable extent. For 
example, with a mixture of coal-gas and air containing about 
9 - 7 per cent, of gas, ignition in a gas-engine cylinder under normal 
conditions at the end of the first compression stroke (the engine 
being run at 180 revolutions per minute) resulted in the maximum 
pressure being attained, after 0‘037 sec.; whilst when ignition was 
at the end of the third compression stroke, after the charge had 
been expanded twice and turbulence had subsided, tbe time' taken 
for tbe attainment of maximum pressure was 0'092 sec. 

Hopkinson experimented on the effects of turbulence at the same 
time as Dugald Clerk, using a cylindrical vessel 30*5 cm. in diameter 
and 30'5 cm. long. A small fan was mounted at the centre of the 
vessel, and comparison was made of the results of igniting similar 
mixtures with the fan at rest and in motion. With mixtures of 
coal-gas and air containing 10 per cent, of gas, the times that 
elapsed between ignition and the attainment of maximum pressure 
were: (1) with the fan at rest, 0*13 sec.; (2) with the fan running 
at 2,000 revolutions per min., 0*03 see.; and (3) with, the fan 
funning at 4,000 revolutions per min,, G'02 sec, 
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Simultaneously with, and independently of, the experiments thus 
made on behalf of the Gaseous Explosions Committee of the British 
Association, a problem under investigation for the Explosions in 
Mines Committee of the Home Office was found to involve a study 
of the effects of turbulence on the inflammation of gaseous, mix¬ 
tures. The problem was to determine the effect, if any, of the 
presence of incombustible dusts in suspension on the limits of 
inflammability of mixtures of firedamp and air. A series of experi¬ 
ments on the ignition of mixtures near the lower limit of inflam - 
inability was made with a spherical vessel of about 4 litres capacity 
(described in T., 1918, 113 , 855) provided with a fan which could 
be rotated at a high speed so as to agitate the mixture aud maintain 
dust in suspension. Naturally, the fan was rotated whether dust 
was present or absent, so as to ensure that the comparative experi¬ 
ments required should be made under as far as possible identical 
conditions. The pronounced effect of turbulence or agitation of a 
gaseous mixture on the speed at which flame travels through it thus 
became manifest, for many experiments had previously been made 
with similar mixtures in the same sphere without the fan. 

The fan had four blades, and was attached to a horizontal shaft 
passing through an air-tight gland near the bottom of the sphere. 
Each blade extended for 7'5 cm. along the shaft and had a maxi¬ 
mum width of 2*5 cin., the edge having a radius of curvature of 
9‘5 cm. The shaft was so fitted that there was a clearance of 1 cm. 
between the. side of the sphere and the edges of the fan-blades. A 
slight helical twist was given to each blade. 

Several experiments were made with mixtures of ethane and air 
near the lower-limit of inflammability, which, with ignition at the 
centre of a closed spherical vessel of glass of 2*5 litres capacity, is 
3'10 per cent, ethane. With 3'0 per cent, of ethane flame travels 
slowly throughout nearly the whole of the (nan-turbulent) mixture 
in such a vessel; and with 2‘9 and 2'95 per cent, of ethane flame 
spreads through about one-third of the mixture (T., 1911, 99, 
2026). It will therefore he realised that even though a mixture 
may not contain sufficient ethane to ensure continued self-propaga¬ 
tion of flame, part of the mixture may he burnt with a consequent 
development of pressure in a closed vessel. 

The earlier experiments with turbulent mixtures were made with 
the fan running at 100 revolutions per second. The means of 
ignition was a secondary discharge (from a “ 10-inch ” X-ray coil) 
across a sparlc-gap of 12 mm. at the centre of the sphere, produced 
by breaking a current of 10 amperes in the primary circuit of the 
coil, the trembler being locked. Such a discharge is more than 
adequate to ignite any inflammable mixture of ethane and air when 
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the mixture is still, yet it was found that no ignition, or, rather, 
no propagation of flame, took place with a mixture of ethane and 
air containing as much as 3"2 per cent, of ethane when that mix¬ 
ture was agitated by the fan at 100 revolutions per second. On 
stopping the fan and allowing the turbulence to subside, ignition 
took place readily with complete inflammation of the mixture and 
the development of a pressure of 3'4 atmospheres. 

Similarly, with mixtures containing 3'15 and 3'05 per cent, of 
ethane no, ignition could be obtained, whilst the fan was running 
(at 100 revolutions per second), however frequently the discharge 
was passed, although when the mixtures were free from turbulence 
ignition occurred on the first passage of the discharge. Details of 
these and similar experiments are as follow: 

Ethane in mixture. 

Per cent. Result. 

3*20 No ignition when the fan was running at 100 revolutions 

per sec. With the fan at 40 revolutions per sec. ignition 
took place, a pressure of 4-5 atm. being recorded 0-25 
see. after ignition. Without the fan running, a pressure of 
3-4 atm. was developed. 

3*15 No ignition could be obtained when the fan was run¬ 

ning at 100 revolutions per sec. Without the fan, ignition 
occurred at once, a pressure of 3-2 atm. being recorded. 

3-10 With thefan at 40 revolutions per see. ignition occurred 

on the fourth passage of the.discharge. With the fan at 
20 revolutions per sec. ignition occurred at once. A 
pressure of 4*4 atm. was developed on both occasions, 
0*177 sec. afteT ignition in the first experiment, and 
0*287 sec. after ignition in the second. 

3*05 No ignition could be obtained when the fan was run¬ 

ning at 100 revolutions per sec. Without the fan, ignition 
occurred at once and a pressure of 2*8 atm. was recorded. 

3*00 No ignition with the fan at 100 revolutions per sec. 

With 20 revolutions per sec. ignition occurred at once 
and a pressure of 4*3 atm. was recorded 0*30 sec. after 
ignition. 

2*95 With thefan running at 20 revolutions per sec. ignition 

occurred when the discharge was maintained (the 
trembler of the coil being in action}. A pressure of 4*2 
atm. was recorded. 

Strong agitation of a mixture poor in combustible gas renders it 
difficult to ignite, or, to be precise, renders it difficult for the flame 
that no doubt occurs during the passage of the discharge to spread 
away therefrom and travel throughout the mixture. This difficulty 
increases as the degree of agitation is increased and as the percent¬ 
age of combustible gas is decreased. When, however, the flame in 
such an agitated mixture does manage to spread away from the 
source of ignition it travels rapidly. 

From the high pressure developed when a mixture was ignited 
that contained 2*95 per cent, of ethane and to which turbulence 
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had been imparted by a fan running at 20 revolutions per second, 
it seemed that flame must have travelled through a greater propor¬ 
tion of the mixture than the one-third observed when the mixture 
was quiescent. An apparatus was therefore devised to enable the 
appearance of the flames in turbulent mixtures to be examined. 
The apparatus, which consisted essentially of a globe of glass of 
about 4 litres capacity, is shown in Fig. 1, and needs no descrip¬ 
tion. Preliminary experiments were made to determine the direc¬ 
tion of the air-currents induced by the fan, which had two' helical 
blades and revolved on a vertical axis. From the behaviour of 
coloured powders introduced into the globe while the fan was 
spinning it appeared that air was drawn from the centre of the 
globe towards the axis of the fan, and was discharged at the 
periphery of the latter as a spiral current directed obliquely* 
around the walls of the globe. 

Mixtures of methane and air were used for the experiments. 
Normally, the lower-limit for central ignition of methane-air mix¬ 
tures in a closed sphere is 5*6 per cent, methane j the flame travels 
upward from the spark at the centre until it occupies one-third of 
the vessel, when it travels downwards as a horizontal disk to the 
bottom. The appearance of the flames in mixtures containing less 
than 5-6 per cent, of methane is shown in Fig. 3, T., 1911, 99, 
2025. 

When a 5*6 per cent, mixture of methane and air was agitated 
by spinning the fan at about 50 revolutions per second, a succes¬ 
sion of discharges from an induction coil, the trembler of which 
wa,s in operation in the usual manner, apparently failed to cause 
ignition. On close observation, however, it was seen that a pointed 
tongue of flame appeared at each passage of the discharge directed 
downwards towards the axis of the fan, apparently drawn thither 
by the current. The flame was about 2 cm. long and formed a 
sharp-pointed cone having the spark-gap (12 mm. in length) as its 
base. Occasionally, if the discharge were maintained, a fine fila¬ 
ment of flame darted rapidly over a distance of a few cm. towards 
the fan. The speed of the fan was now reduced to about 30 revolu¬ 
tions per second and a discharge passed across the gap. The 
sequence of events was too rapid to be followed by the eye. It was 
observed that a downward-pointing tongue of flame was produced 
as before, and that this tongue, after some hesitation, shot towards 
the axis of the fan; the whole vessel then seemed to fill with flame 
and the glass was shattered into- powder. 

- Further experiments were made with mixtures containing less 
methane. On two occasions the globe was shattered owing to the 
* No doubt owing to an unequal setting of the blades of the fan. 
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rapidity with which the mixture contained iu it was inflamed, but 
in a number of experiments, notably in several with a mixture 
containing 5‘0 per cent, of methane (see T., 1914, 105, 2595), the 
movement of the flame could be followed; or, at all events, owing 
to the persistence of retinal impressions, the course taken by the 
flame was appai-ent. An attempt has been made to indicate the 
appearance of the flame to the eye at a given instant by the shaded 
additions to Pig. 1. The impression produced can be described as 
that of a spiral whirlwind of flame, the axis of the spiral being 
inclined at an angle; in effect, the flame seemed to follow the course 
of the current induced by the fan. It appeared also that the flame 
passed several times through the mixture before it finally died 
away at the centre of the sphere. Analysis of the products of 
combustion of the 5'0 per cent..mixtures of methane and air showed 
that all the methane had been burnt. 

There can be little question, as a result of these observations, that 
the action of the form of turbulence studied in causing an enhanced 
speed of combustion of a weak inflammable mixture of methane or 
ethane and air within a closed vessel is purely mechanical. The 
flame, which normally would be propagated mainly by conduction 
of heat from a burning to an unburnt “layer” of mixture, is 
forcibly dragged in the wake of the rapid current induced by the 
fan, burning the mixture in its path. The difficulty experienced 
by the flame in such weak mixtures in travelling away from the 
source of ignition if the speed of the fan is very great is no doubt 
due to the fact that mixtures of the paraffins with air exhibit a 
considerable “time-lag” when the temperature of the source of 
heat that causes ignition is hut little above the ignition-tempera¬ 
ture, a condition obtaining with the flames of limit mixtures. 

With richer mixtures, in which flame normally spreads at an 
equal speed in all directions from the source of ignition, the action 
of turbulence is mechanical also. To quote Mallard and Le Cliate- 
lier ( loc . cit., p. 350): 

“ Lorsque le gaz dans lequel progresse la flamme est a l'etat 
d 5 agitation, la vitesse de propagation augment© parceque la chaleur 
se transmet non seulement en vertu de la conductibilite du melange 
gazeux, mais encore en vertu des differences de vitesse des diverses 
parties de la masse. La surface de la flamme, au lieu de garder une 
forme constante et reguliere, se deforme a chaque instant, augment© 
de largeur en multipliant les points d’inflammation et, par suite, en 
rendant plus rapide la progression de la combustion.” 

If this explanation is correct, it follows that (1) the greater the 
turbulence the more rapid should be the combustion; and (2) a 
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mixture in which the speed of flame normally is slow should be 
more susceptible to the effects of turbulence than one in which the 
speed of flame normally is rapid. 

The first deduction has received experimental verification by 
Hopkinson, whose results have already been quoted. His results 
are confirmed by a series of experiments in the 4-litre sphere with 
mixtures of ethane and air containing 3'85 per cent, of ethane, 
the time-pressure curves for which are reproduced in Fig. 2. The 
time-intervals between ignition and the attainment of maximum 
pressure were: mixture at rest, 0*146 sec.; fan running at 
(a) 20 revs, per sec., 0*091; ( b) 40 revs, per sec., 0*070 sec.; 
(c) 100 revs, per sec., 0*045 sec. Additional points that should he 


Fxo. 2. 



noted as regards these curves are: (1) the slight increase of pres¬ 
sure obtained with the turbulent mixtures (a) and (6), and the 
marled increase with the turbulent mixture (c) as compared with 
•that produced by the quiescent mixture; and (2) the disappearance 
from the curve for turbulent mixture (c) of the horizontal portion 
at maximum pressure noticeable in the other three curves. An 
explanation of these effects is offered later. 

In order to test the second deduction that should follow if the 
explanation suggested for the action of turbulence is correct, two 
series of experiments were made with mixtures of ethane and air 
ranging between the lower-limit mixture and that giving the maxi¬ 
mum pressure on combustion. In the one series the fan was run 
at a constant speed of 100 revolutions per second; in the other the 
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fan was at rest. The time-pressure curves for typical experiments 
of these two series are shown in Figs. 3 and 4,* the curves for the 

Fig. 3. 
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* It should be noted that the unit of time employed in plotting the curves 
in Fig. 3 (and Fig. 2) is double that in Fig. 4. This contraction of the time¬ 
scale is rendered necessary from considerations of space. 
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turbulent mixtures occupying the left-hand poi*tion of each 
diagram. 

From these curves the time that elapsed between ignition and the 
attainment of maximum pressure for each mixture can be deter¬ 
mined. These times, together with the times for mixtures not 
included in Figs. 3 and 4, are recorded in the table that follows : 


Time between ignition and the 
attainment of maximum 
pressure. Seconds. 


Ethane in. mix¬ 
ture. 

Without 

With 

Per cent. 

turbulence. 

turbulence. 

3-30 

— 

0*176 

3-45 

— 

0*096 

3-60 

0*332 

— 

3-80 

0*152 

— 

3-85 

0*146 

0*045 

4-05 

0*124 

0*036 

4-30 

— 

0*033 

4*35 

0*094 

— 

4-60 

— 

0*026 

4-65 

0*073 

— 

4-70 

— 

0*029 

4-80 

0*070 

■— 

5-00 

0*063 

0*024 

5-25 

— 

0*021 

5-35 

0*054 

0*020 

5-60 

0*052 

— 

5-95 

— 

0*019 

6-00 

0*0465 

— 

6-40 

— 

0*019 

6-45 

0*046 

— 

6*75 

0*0465 

0*019 

7*05 

0*050 

0*020 

7*15 

0*052 

— 


It has been shown (T., 1918, 113, 852) that these time-intervals 
can he used to calculate, for each mixture, the mean speed of 
propagation of flame between the centre and the top of the sphere, 
a distance of 9'75 cm. The speeds thus calculated are shown 
plotted against percentages of ethane in Fig. 5. Allowing for the 
irregularities, which are naturally more noticeable with the tur¬ 
bulent than with the quiescent mixtures, the speeds for equivalent 
percentages of ethane in the two sets of experiments, as deduced 
from the smoothed curves, are given in the table on p. 90. 

The conclusion that a mixture in which normally the speed of 
flame is slow should he affected by turbulence to a greater extent 
than one in which normally the speed of flame is rapid is thus 
proved experimentally by the gradual diminution in the value of 
the ratio B/A. 

The Development of Treasure .—On referring to the time-pressure 
curves for mixtures without turbulence given in Figs. 3 and 4, and 
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3 4 5 6 7 8 


Ethane, per cent. 

comparing them with the curves for mixtures of methane and air 
previously published. (Joe. tit.. Fig. 2, p. 847), it will be seen that 

Mean Speed of Propagation of Flame from. Centre to Top of 
Sphere. Cm. per sec. 


Ethane in 

Without 

With 


mixture. 

turbulence. 

turbulence. 


Per cent. 

(H). 

(B). 

Ratio Bi 

3-6 

35 

142 

4*00 

3-8 

55 

195 

3*54* 

4-0 

75 

237 

3*17 

4-2 

95 

284 

2*99 

4-4 

112 

320 

2*85 

4-6 

129 

360 

2*79 

4-8 

144 

400 

2*77 

5-0 

158 

430 

2*72 

5-2 

172 

462 

2*68 

5-4 

185 

485 

2*62 

5*6 

195 

500 

2*56 

5*8 

202 

510 

2*52 

6*0 

210 

518 

2*47 

6*5 

212 

518 

2*44 

6-7 

200 

495 

2*47 


both ’ sets of curves are of the same type. All the mixtures of 
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ethane and air up to and including that containing 5'6 per cent, 
of ethane have time-pressure curves which exhibit the three stages 
of development noticeable with the mixtures of methane and air. 
The explanation of these stages offered when describing the methane 
curves can be applied also in the present instance. 

Support is given to the assumption then made that the second 
stage of development, during which the recorded pressure remains 
constant, represents a balance between a gradual decrease of pres¬ 
sure that begins as soon as inflammation of the mixture is complete 
and is due to cooling by the walls of the vessel, and an increase of 
pressure incident at the same moment and due to the gradual 
attainment of thermal equilibrium. For it will be found that a 
graphical “ correction ” applied, in conformity with this assump¬ 
tion, in the manner described (loc. cit., p. 849) yields results for 
the maximum pressures in close agreement with the maxima 
recorded by equivalent mixtures when turbulent, over the whole 
range from 3'80 per cent, ethane (at and above which percentage 
the flame travels from the centre in all directions at the same 
speed) upwards. 

This is best shown in Fig. 6, where the observed maximum pres¬ 
sures for all the mixtures experimented with, both turbulent and 
quiescent, and the “ corrected ” maxima for the latter, are shown 
plotted against percentages of ethane. It should be observed that 
the magnitude of the correction, as is to be expected, diminishes in 
proportion as the speed of inflammation of the mixture increases. 
Similarly, the magnitude of the difference between the maximum 
pressures recorded with like*mixtures when turbulent and quiescent 
also decreases as the speed of inflammation of the latter increases, 
until with mixtures containing more than 5'6 per cent, of ethane no 
difference is observable between the two sets of pressures. Further, the 
crests of the time^-pressure curves for the quiescent mixtures that 
contain more than 5'6 per cent, of ethane no longer remain hori¬ 
zontal over a measurable length of time, hut the cooling curves 
begin as soon as the maxima are attained. 

Pier ( Zeitsch. Elektrochem,., 1909, 15 , 536), who used the pres¬ 
sures developed by the inflammation of different mixtures in a 
closed vessel to determine the specific heats of various gases, has 
made observations which have a hearing on the question of the 
effects of turbulence. 

Using a manometer of similar construction to the Petavel gauge 
(Phil. Mag,, 1902, [vi], 3 , 461), Pier found exact agreement between 
the observed and the calculated pressures produced by mixtures the 
combustion-temperatures of which exceeded 1600°. For this reason 
he combatted Nagel’s opinion (“Yersuche fiber Zundgeschwindig- 
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heit explosibler Gasgemische,” Mitteilungen iibe?' Forschungs- 
arbeiten des Zngenieiirwesens, Vol. 54, 1908) that with central igni¬ 
tion in a spherical vessel the mixture near the walls must he raised 
in temperature by adiabatic compression before flame reaches it 


Fig. 6. 



. Ethane per cent. 

Quiescent, observed X 
„ corrected ® 

Turbulent, observed Q 

(an opinion that had already received experimental verification by 
Hopkinson), and suggested, that the interchange of heat between 
different portions of the mixture within the vessel must be practi¬ 
cally instantaneous. 
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This result Pier supposed would be effected by a rapid whirling 
and mixing of the contents of a spherical vessel owing to a sudden 
increase of pressure on ignition at the centre. It is clear, if only 
by reason of the difference observable in the character of the time- 
pressure curves for ethane-air mixtures with and without arti¬ 
ficially-produced turbulence, that Pier's contention cannot be cor¬ 
rect; and Hopkinson’s measurements of the temperatures within a 
closed cylindrical vessel at the moment of maximum pressure pro¬ 
duced by the inflammation of a mixture of coal-gas and air ( Proc . 
Hoy. Sac., 1906, [*4], 77, 387) should have convinced Pier of its 
falsity. 

In the absence of knowledge regarding the composition of the 
products of combustion at the moment of attainment of maximum 
pressure when the ethane-air mixtures contain excess of ethane, it 
is not possible to calculate the theoretical pressures that should be 
given by such mixtures on ignition in a closed sphere were there 
no loss of heat during the propagation of flame. Calculation can, 
however, be made for those mixtures in which the combustion of 
ethane can be presumed to be complete. The mixture of ethane 
with air in which ethane and oxygen are in the theoretical propor¬ 
tions for complete combustion to form carbon dioxide and steam 
contains 5 ‘63 per cent, of ethane. The dotted line in Fig. 6 repre¬ 
sents the calculated maximum pressures over the range 3*8—5‘5 per 
cent, ethane.* It will be seen that a loss of heat of between 9 and 
12 per cent., presumably due to radiation during the propagation 
of flame, is indicated. 

A matter for further study is the fact that the mixtures of ethane 
and air which produce the highest pressures are not those within 
close range of the mixture containing ethane and oxygen in theo¬ 
retical proportions for complete combustion (5'63 per cent, of 
ethane), but lie over a considerably higher range, namely, 6'5—7 - 0 
per cent. The time taken for the attainment of maximum pressure 
reaches a minimum over the same range, or, in other words, the 
speed of propagation of flame under the conditions of the experi¬ 
ments is fastest in mixtures containing between 6‘5 and 7'0 per 
cent, of ethane. In this respect the results obtained with mix¬ 
tures of ethane and air differ markedly from those with methane 
and air. 

Further comparison of these results with those obtained with 
mixtures of methane and air is reserved for a future communica¬ 
tion, which will include the results of similar experiments with 
other members of the paraffin series of hydrocarbons. 

* The calculations were made in the maimer described in T., 1918,113, 
858, using Langen’s values for the specific heats of the gases. 
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Expebimsktal. 

The apparatus used (4-Iitre sphere) and general method of pro¬ 
cedure for the experiments lias already been described (loc. at., 
p. 854). The ehane was prepared by the action of water on zinc 
ethyl and was purified by liquefaction by liquid air; the ratio CjA. 
on explosion analysis was 1*25, showing that it contained no 
impurity. 

The majority of the experiments described in this paper were 
carried out ditring the year 1912, with the assistance of Mr. M. J. 
Burgess. 

[Received, November Ihth, 1918.] 


IX.— The Ignition of Explosive Gases by Electric 
Sparks* 

By John David Morgan. 

Some time ago an investigation was carried out by Dr. R, V. 
Wheeler and Prof. W. M. Thornton on the ignition of explosive 
gases by sparks produced in signal bell circuits (Home Office Report 
on Electric Signalling with Bare Wires, R. V. Wheeler and 
W, M. Thornton, June, 1916). They used iron-core coils, in con¬ 
junction with mechanical means for breaking the circuit Com¬ 
menting on the results obtained, they state: 

“It may be said that ignition by a rapid break flash at a low 
circuit voltage depends on the inductance voltage at which the 
flash is formed, and the igniting power of the flash is proportional 
to the product Li (where L is the inductance of the circuit and 
i the current prior to breaking the circuit). When the break of 
the circuit is made slowly, the igniting power of the flash has been 
found to depend upon its energy, |Zi 2 . There are thus two limit-' 
ing conditions for the igniting power of the flash; at the one the 
inductance voltage is of importance, at the other the energy, Por 
any given gaseous mixture there is a range of rapidity of break 
over which the two types of ignition blend, so that under certain 
conditions the igniting power of the flash may be proportional 

* Published with the permission of the Advisory Council for Scientific 
pd Industrial Research. 
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neither directly to i nor to r, but to some intermediate value 
of it.” 

Then, referring to a previous report (Home Office Report on 
Battery Bell Signalling Systems, R. V. Wheeler, January, 1915), 
they cite a case in which it was found that the igniting power of 
the' break flash could be expressed by the relationship Li 1A — 
constant. 

The figures by Wheeler and Thornton in support of the 
conclusion that Li is constant are given in table I. 


Table I. 


Inductance (L). 

Igniting current (i) 
at 25 volts. 

Li. 

Henries. 

Ampere. 


0-27 

0-82 

0-220 

0-47 

0-45 

0-212 

0-70 

0-26 ’ 

0-182 

0-90 

0-20 

0-180 

1-04 

0-17 

0-177 

1T8 

0-155 

0-183 

1-27 

0-145 

0-184 

1-31 

0-13 

0-170 

1-60 

0-11 

0-176 

2-00 

0-09 • 

0-180 


In the same report they give the number of layers of wire on 
the magnets used by them, together with the igniting currents. 
These are given in table II. I have added a third column giving 
the product N 2 i 2 , where N = number of layers. As the layers each 
have the same number of convolutions, N is proportional to the 
turns. It will be noticed that it can also be said that NH 2 is 
constant, a quantity which has not the same physical significance 
as Li. The expressions are only comparable when each contains 
either of the terms i or « 2 . 


Table II. 


Layers of wire on 
magnet (N). 

Igniting current (i). 

NH a. 

4 

0-82 

10-8 

8 

0-45 

12-8 

12 

0-26 

9-7 

16 

0-20 

10-0 

18 

0-17 

9-3 

20 

0-155 

9-6 

22 

0-145 

10-0 

24 

0-13 

9-7 

28 

0-11 

9-6 

32 

0-09 

8-4 


In the earlier report by Dr. Wheeler, a table is given from 
which the number of layers on the magnet coil can be deduced, and 
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the igniting current is added. Using these figures, I have calcu¬ 
lated iY 2 i 2 , and the figures are given in table III. 

Table III. 


Number of layers (N). Igniting current (i). NH 2 . 

20 0-17 11-6 

16 0-23 13-6 

12 0-33 15-6 

8 0-55 19-2 

6 0-95 32*5 


The figures in the third column show that in this case the pro¬ 
duct is by no means constant, but progressively increases. 

When the flux produced by the current is linked with the whole 
of the windings, the product N z i 2 is proportional to the electro- 
kinetic energy of the system so long as the permeability is constant. 
When the linkage is imperfect or the permeability varies, the 
energy is not proportional to NH 2 . From the results above referred 
to, it is found that when a low tension igniting spark is defined 
in terms of the coil constants (N or L ) and the current (i) prior 
to the spark, the energy required to produce a spark that will 
ignite a gas mixture of given composition appears to be constant 
in some cases and not constant in others. 

Experiments with low tension sparks have led me to suspect 
that such results as those above mentioned, though apparently 
diverse, have some constant factor in common, and that the dis¬ 
parities are due to the manner in which the results are expressed. 
There is not implied by this remark any suspicion of the accuracy 
of the work done by Wheeler and Thornton. They were 
concerned mainly with determining what circuit conditions could 
give rise to dangerous sparks, and from that point of view the 
results were expressed in terms of practical utility. The question 
raised is as to whether the results as expressed can be employed 
to determine the property of the spark on which ignition depends. 

I therefore decided to make a new investigation with low tension 
sparks, and arrange the experiments to cover a wide range' of 
different magnetic conditions. Six short air-core coils were made 
according to the particulars given in table IV. 

Table IY. 

No. Number of turns. Number of layers. 


1 100 2 

2 200 4 

3 300 6 

4 400 8 

6 500 10 

6 700 14 
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Two iron cores of relatively large cross-section were also made, 
one a laminated bar and the other a closed laminated frame, for 
use with the same coils. The experiments were divided into three 
groups, which were distinguished only by the differences in the 
magnetic conditions of the cores. Diagrammatic representations 
of the coils are shown in Fig. 1. Current was obtained from a 
12-volt accumulator. The circuit was completed by a variable 

Fig. 1. 



resistance of negligible inductance, an ammeter, and a ‘ flick J con¬ 
tact breaker, the latter being enclosed in the explosion chamber. 
The contact breaker consisted of a flexible steel prong capable of 
being rotated into contact with a fixed steel stem, and then flicked 
over the stem. A coal gas and air mixture of constant composi¬ 
tion was used throughout the investigation. 

The least currents required to produce ignition are given in 
table V. 


VOL. CXV. 


E 
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Table Y. 
Air-core Coils. 


No. of layers (iV). 

Current (i) amperes. 


2 

4-5 

81. 

4 

2-05 

67- 

6 

1-2 4 

54 

8 

0-83 

44 

10 

0-575 

33 

14 

0*35 

24 


O'Pen Iron-core. Coils. 


No. of layers (A r ). Current (i) amperes. NH-. 

2 1-05 4-4 

4 0-51 4-3 

6 0-35 4-4 

8 026 4-3 

10 021 ' 4-4 

14 0-15 4-4 


Closed Iron-core Coils. 

No. of layers (A T ). Current (i) ampere. NH-. 
2 0-63 l'G 

4 0-32 1-64 

0 0-2 1-44 

B 016 1-64 

10 0-13 1-69 

14 0-09 1*6 


Figs. 2 and 2 a give the results graphically. 

It will be noticed that the product i\ 72 i 2 is not constant for the 
air-core coils, although it tends to a constant value at the upper 
value of 2V T , and is constant with the open iron and closed iron- 
core coils, although the value of N 2 P is different in the latter two 
cases. In other words, the results may be said to be similar in 
Mud to those obtained in Wheeler and Thornton’s investigations. 

The present investigation differs from those as recorded in the 
cited reports of Wheeler and Thornton, in that I have carried out 
measurements on the circuits after interruption. The first step 
consisted in the use of an arrangement as shown in Fig. 3. This 
is a Wheatstone bridge in conjunction with a ballistic galvano¬ 
meter. The inductance coil a, non-inductive balance resistance b, 
ammeter c, flick contact breaker d, variable non-inductive resist¬ 
ance e, and battery / are all (excepting 6) as used in the explosion 
experiments, a and & are shunted by non-inductive resistances 
r of sufficiently low resistance to eliminate sparking at d when the 
circuit is broken. Using with each coil the current values required 
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whether the energy was the same for each group. The induct¬ 
ances were therefore measured, and found to give constant 

for each group, but different for different groups. As nothing is 
gained by quoting all the values of all the inductances, only the 
largest for each group is recorded in table VI. 


Table VI. 


Air-core coil, 14 layer . 

Open iron-core coil, 14 layer 
Closed iron-core coil, 14 layer 


L. 

{Li*. 

0-01 

0-0006 joule. 

0-07 

0-0008 „ 

0-56 

0-0023 „ 


It is clearly not permissible to conclude that the energy pro¬ 
jected into the sparks in the explosion experiments is constant for 
a constant magnetic condition, but different when that condition 


Fig." 3. 


A A 



is changed, until it is proved that the differences found are not 
accounted for by core or other losses. A further step, involving 
direct spark measurements, was therefore necessary. After try¬ 
ing various schemes, the apparatus shown diagrammatically in 
Fig. 5 was adopted, a is the flick contact breaker used in the 
explosion experiments. This is enclosed in an ebonite chamber, 
b, to which a capillary tube is sealed. Two things appeared at 
first to render this device useless. The heat developed by the 
current passing through the contact breaker when closed was 
sufficient to interfere with proper measurement of the heating 
effect of the spark produced on opening the contact breaker. 
Further, it was difficult to maintain a perfectly gas-tight joint 
around the rotatable stem carrying the prong of the contact 
breaker. These troubles were avoided by permitting a slight leak 
in the chamber and observing (through a microscope) only the 
“kick” given to the liquid thread in the capillary tube. Using 
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the coils and current values employed in the explosion experi¬ 
ments, it was found that the “ kicks ” were the same throughout. 
It follows that the sparks obtained in the three widely, varying 
groups of experiments were identical as regards their impulsive 
thermal effects. 

I do not think it can be argued from the above that the spark 


Fig. 4. 



energy was the same in all cases, although this possibility is not 
excluded. ' 

The final step consisted in an attempt to determine definitely 
whether the energies of the different sparks were the same or not. 
For this purpose, a high tension winding of fine wire and many 
turns was placed on one of the limbs of the closed iron core, as 
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shown in dotted lines. Fig. 1, and connected to a small, permanent 
gap in a spark plug, a. Fig-. 6. The sparks produced were very 
small, and several had to he produced in succession to give a 
deflection definitely readable through the microscope. In place of 
the flick contact, breaker in the primary circuit, a cam-operated 
interrupter, such as is used in ignition apparatus for internal- 
combustion engines. was employed. With this interrupter, twelve 


Fig. 5. 



sparks were obtained from each complete rotation of the cam. 
The chamber was made perfectly gas-tight, and the deflections 
were different- in character from those of the previous experiment 
in that they were relatively slow. Taking each of the coils in 
turn and using the current values obtained in the explosion experi¬ 
ments, the deflections obtained after one complete rotation of the 
cam were observed. In all cases they were found to be the same, 

Fig. 0. 



It follows that the total heating effect of the same number of 
sparks from, each coil was the same; consequently, the sparks were 
of equal energy. Seeing that the sparks in all three groups of 
experiments gave the same impulsive thermal effects and the sparks 
in one group gave the same energy effects, it is permissible to argue 
that the energies of all the sparks in the three groups were the 
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The conclusion of the investigation is therefore that over the 
wide range of different conditions examined, the igniting sparks 
had this in common—that they all liberated the same amount of 
heat energy, a result which is not evident from measurements on 
the spark circuit prior to the production of the sparks. 

Regarding single spark ignition of explosive gases initially at 
atmospheric temperature and pressure, the main results of in¬ 
vestigations which have been published in recent years, and which 
can be regarded as well established, appear to be as follows: 

(1) With a low tension spark, the least- spark energy required 
to ignite a given gas i mixture diminishes with increase of the 
voltage impressed on the spark circuit prior to the production of 
the spark (The least energy required to start a gaseous explosion, 
W. M. Thornton, Phil. Mag., 1914, [vi], 28, 734). 

(2) When the circuit voltage is constant, the spark energy 
required for ignition of a given gas mixture by a low tension spark 
is constant (see above). 

(3) With a high tension spark (which consists of a capacity 
component preceding an inductance component), the incendivity 
of the spark (or ability to cause ignition) can be increased by 
increasing the proportion of energy in the initial part of the spark 
without increasing the total energy of the spark (“ Spark Ignition,” 
,T. D. Morgan, Engineering . November 3rd, 1916). 

(4) The incendivity of a condenser or capacity spark is greater 
than that of an inductance spark dissipating the same amount of 
energy (Thornton, loc. cit.). 

(5) With a capacity spark, the least energy required for ignition 
of a given gas mixture diminishes as the spark voltage increases 
(Thornton, loc. cit.). 

These results clearly establish the. fact that the incendivity of a 
spark does not depend on the total energy of the spark. 

It is generally supposed that the energy required to produce 
ignition of a given inflammable gas mixture is constant for similar 
physical conditions. If the assumption is correct, then the fact 
that the total energy of the least igniting spark is found experi¬ 
mentally to vary with the conditions under which the spark is 
produced suggests that not all of the spark energy is utilised in 
the process of ignition, but only a portion at the commencement 
of the spark. It is, of course, possible that the inflammability of 
a gas as determined by the least energy required to produce igni¬ 
tion is not constant for identical physical conditions of the gas, but 
it would appear to be useless to attempt an investigation of this 
point by spark measurements having regard to the facts above 
mentioned. It is important to note that a spark is a varying 
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source of heat which very rapidly reaches its maximum intensity 
and then less rapidly disappears. Experiments prove that increase 
of the initial intensity of a spark results in increased incendivity. 
As already stated, this suggests that ignition is due only to the 
initial part of the spark, and that in every spark there is a certain 
amount of unused energy which makes no contribution to the 
process of ignition. The proportion of unused energy must 
diminish as the initial intensity increases, hut at present any 
measurements of the effective portion of the spark appear to he 
impossible. It follows from this suggested theory of unused energy 
that any attempts to specify the inflammability of a gas in terms 
of the total energy of the least igniting spark must necessarily 
yield the diverse results which have hitherto been obtained. 

The Marks and Clerk Laboratory, 

13, Temple Street, Birmingham, 

[Received, November 21si, 1918.] 


X .—The Physical Constants of Nicotine. Part I. 
Specific Rotatory Poiver of Nicotine in Aqueous 
Solution . 

By Harry Jephcott. 

Nicotine has been purified and its constants have been recorded 
by Landolt (''Optical Rotation of Organic Substances”), Nasini 
and Pezzolato ( Zeitsch. physikal. Ghent., 1893, 12, 501), Gennari 
(ibid., 1896, 19, 130), Hein ( Diss ., Berlin, 1896), Pribram and 
Gliicksmann (Monatsh 1897, 18, 303), Ratz (ibid., 1905, 26, 
1241), and Winther (Zeitsch. physikal. Chcm., 1907, 60, 568). 
All, with the exception of Ratz, relied on the distillation in 
hydrogen of anhydrous nicotine. Ratz utilised two methods, 
namely, fractional distillation in a vacuum and the formation of 
nicotine zinc chloride followed by distillation. Their results for 
the specific rotation, which show considerable variation, are as 
follows : 



M®. 

Df. 

1 01101 

Nasini and Pezzolato .. 

161-29 


Gennari ... 

162-84 

1-01071 

Hein .... 

164-18 

1-01049 

Pribram and Glucksmann ... 

164-91 

1-0095 

Ratz (by fractional distillation)....,, 

166-77 


(from double salt) .. 

169-0 to 169-04 

1-00925 

Winther ...... 

163-85 
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It appeared probable that tbe variation was due to the presence 
of tbe alkaloids nicoteine, nicotelline, and nicotimine, which, occur 
with nicotine, and it was decided to purify nicotine by the method 
utilised by Pictet and Rotschy ( Her ., 1901, 34, 696) when isolating 
these alkaloids. Nicotine which had been prepared from tobacco 
by steam distillation was dissolved in a slight excess of hydro¬ 
chloric acid and treated with sodium nitrite at low temperature. 
The nicotine was subsequently liberated by alkali, dehydrated, and 
fractionally distilled under diminished pressure. Considerable loss 
of nicotine occurred owing to the formation of oxidation products 
during the treatment with nitrite. 

A quantity, about 2500 grams in all, of commercial nicotine 
was also converted into nicotine zinc chloride, twice recrystallised, 
and the nicotine liberated, dehydrated, and fractionally distilled 
under diminished pressure in a manner similar to that of Ratz 
(loc. cit .). 

The distillation was a source of much trouble. In the cold, 
nicotine readily forms highly-coloured oxidation products on ex¬ 
posure to the air. When hot, this oxidation is extremely rapid, 
and water is also absorbed. At the temperature of distillation, the 
vapour readily attacks cork or rubber used for connexions. Well¬ 
fitting ground-glass joints are essential, but there proved to be no 
necessity to flood the apparatus with hydrogen if a sufficiently 
high vacuum were maintained (20—40 mm. pressure). 

The nicotine prepared in this way was colourless and almost 
without odour in the cold. When kept in bottles filled to the 
stopper and away from the light, nicotine remains colourless, only 
the slightest yellow tint being noticed after six months and no 
change in rotatory power (compare Pribram, loc. cit., p. 303). 

For pure nicotine, the density and rotatory power were found 


to be as follows: 

Df. , [«]» 

Purified through nitroso-compound . 1-00920 168-52 

Purified through double chloride (1) ... 1-00925 168*61 

„ „ „ „ (2) ... 1-00925 168-40 

„ „ „ „ (3) ... 1-00925 168-66 


The three sets of figures for the double chloride method refer to 
three separate and distinct preparations of pure nicotine in that 
way. 

Many dilutions of this nicotine with water were prepared, and 
the specific gravity and specific rotatory power for them observed. 
The rotations were measured with a Schmidt and Haensch half¬ 
shade polarimeter, using a tube having a length of 100'04 mm. 




Specific rotation. 
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Percen¬ 

Grams 



i Percen¬ 

(.Iranis 



tage by 

in 100 



tage by 

in 100 



■weight. 

e.c. 

Df. 


weight. 

c.e. 

D-, 11 . 

M;,"- 

100 

100-925 

1-00925 

168-61 

44-004 

45-296 

1-02936 

86-47 

95-06S 

96-801 

1-01823 

153-06 

41-718 

42-882 

1-02790 

86-71 

91-084 

93-323 

1-02458 

141-65 

40-237 

41-308 

1-02661 

85-09 

89-471 

91-781 

1-02583 

138-73 

38-798 

39-804 

1-02592 

83-79 

88-338 

90-820 

1-02810 

134-11 

38-065 

39-025 

1-02522 

85-21 

83-336 

86-132 

1-03356 

123-21 

37-986 

38-950 

1-0253S 

84-98 

81-842 

84-632 

1-03439 

121-48 

35-098 

35-920 

1-02341 

83-52 

77-006 

79-921 

1-03784 

111-47 j 

34-877 

35-696 

1-02351 

83-39 

75-538 

78-551 

1-03836 

108-39 i 

32-141 

32-810 

1-02107 

81-83 

84-868 

77-764 

1-03839 

108-69 

30-973 

31-607 

1-02048 

82-48 

69-202 

71-963 

1-03990 

100-47 

30-637 

31-253 

1-02010 

82-67 

67-538 

70-231 

1-03988 

— 

30-291 

30-915 

1-02060 

82-60 

64-423 

66-918 

1-03890 

97-82 

28-151 

28-664 

1-01820 

81-95 

63-950 

66-440 

1-03894 

95-63 

26-473 

26-930 

1-01725 

81-78 

60-773 

63-110 

1-03846 

94-02 

24-975 

25-369 

1-01588 

81-67 

59-89S 

62-131 

1-03728 

93-69 

20-963 

21-235 

1-01300 

80-64 

09-649 

61-895 

1-03765 

95-12 

20-726 

20-995 

1-01299 

80-06 

06-241 

58-250 

1-03614 

91-27 

! 15-023 

15-156 

1-00880 

80-99 

54-289 

56-245 

1-03603 

89-27 

j 12-963 

13-027 

1-00492 

79-79 

53-096 

54-934 

1-03463 

90-12 

! 11-508 

11-579 

1-00611 

79-43 

51-969 

53-750 

1-03428 

86-91 

10-012 

10-061 

1-00611 

78-66 

50-134 

51-777 

1-03278 

89-03 

9-921 

9-971 

1-00494 

79-20 

48-949 

50-513 

1-03194 

88-19 

7-417 

7-441 

1-00317 

79-94 

46*632 

48-062 

1-03065 

86-23 

6-604 

6-622 

1-00276 

79-25 

46-183 

47-629 

1-03131 

— 

4-998 

5-006 

1-00153 

80-48 

46-015 

47-412 

1-03037 

86-79 

2-505' 

2-504 

0-99970 

83-15 


The effect of temperature on the density and rotatory power 
both of pure nicotine and certain of its aqueous solutions has also 
* been observed. For this purpose, a jacketed polariineter tube was 

Nicotine in aqueous solution. 

MIS 

1-04 

1-03 
1-02 Q 
1-01 


Percentage by weight. 

employed, a Sprengel tube being used for the densities. It was 
not convenient in every case to observe both density and angle at 
the same temperature, and the density at. the temperature at 
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which the rotatory power was observed was obtained from a graph 
constructed from the recorded densities. 


Pure Nicotine. 

Temperature. 20°. 21-1°. 40°. 60°. 80°. 97-7°. 

DJ® . 1-00925 I-008G5 0-99424 0-97799 0-96184 0-94594 


Temperature. 

Df 

(from 

graph). 

[«]«- 

20° 

I-00925 

168-20' 

29-5 

1-0017 

168-71 

41-5 

0-9924 

169-09 

52 

0-9840 

169-51 

62 

0-9760 

169-74 

69*6 

0-9699 

169-94 

86-4 

0-9567 

169-73 

92-0 

0-9521 

169-71 


Owing to the so-called closed curve of solubility of nicotine in 
water, it is not possible to observe the rotatory power and density 
of solutions containing between 7 and 87 per cent, of nicotine at 
all temperatures up to 100°, since separation, occurs at about 60°. 
Two solutions were therefore prepared which would fall outside 
this closed curve, and contained 6*638 per cent, and 88’338 per 
cent, of nicotine. For these, the following figures were found: 


Temperature. 

20 ° . 

85 .. 

20 . 

90 . 


Percentage 
by weight. 
6-638 
6-638 
88-338 
88-338 


Grams in 
100 c.e. 
6-682 
6-4188 
90-820 
86-936 


Dh 

1-00275 

0-96328 

1-02810 

0-98412 


Mn. 

76-82 

95-29 

134-16 

150-34 


It will be observed that the change in rotatory power is marked. 

On cooling to 20°, the 6 per cent, solution at once showed its 
original rotatory power, but the 88 per cent, solution did not 
revert to its former value for some days, although an immediate 
fall to about. [a]§° 138-0 took place. Difficulty occurs in determin¬ 
ing the rotatory power of pure nicotine and its more concentrated 
solutions, since, owing presumably to light absorption, it is neces¬ 
sary to match a greyish-pinlc against a grey when taking polari- 
metric readings. In the case of the more concentrated aqueous 
solutions, the difficulty is greatly increased owing to the very 
marked changes in density. In observing the angle of the 88 per 
cent, solution at 90°, even with a rapid stream of water circu¬ 
lating round the jacket, the change in density by cooling at the 
exposed surface of the end plates was. so marked as to make it 
almost impossible to get light to pass 1 through the tube, and the 
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rotation recorded must be considered liable to an error of 1°. No 
such difficulties were experienced with the 6 per cent, solution. 

The graphs for density and specific rotatory power of nicotine 
in aqueous solution both exhibit a series of maxima, and these 
agree with molecular proportions of nicotine and water. This 
indication of the formation, of a series of hydrates is confirmed by 
an examination, of the freezing points of nicotine solutions. 

Between 40 and 80 per cent., the time taken for hydrate-form¬ 
ation is appreciable, and the abnormal points marked were found 
in cases of solutions when the rotation was observed immediately 
after mixing. A solution containing 69 - 2 per cent, of nicotine 
showed no change in rotation after keeping for twelve months. 


The “ Closed Curve of Solubility ” for Nicotine. 

The formation of hydrates of nicotine and their decomposition 
at higher temperatures shows the true nature of the “closed curve 
of solubility. 1 ' Nicotine is only sparingly soluble in water, and 
water is only sparingly soluble in nicotine, but hydrates of nicotine 
are miscible with either, a state of balance existing at any given 
temperature between nicotine, its hydrates, and water. 

When the temperature rises, the hydrate-formation reverses, 
and on the concentration of free nicotine becoming greater than 
the solubility of nicotine in water at that temperature, separation 
occurs. By choosing concentrations of nicotine and water such 
that the limit of solubility of the one in the other was not exceeded, 
it was possible, as shown above, to note the marked rise in rota¬ 
tory power as the concentration of free nicotine increased with the 
rise in temperature, and it is to be expected that with convenience 
for observing the angle at a sufficiently high temperature, the true 
rotatory power of nicotine in water would he obtained. 

I am indebted to Mr. George Dean, Head of the Chemistry 
Department of the Institute, for valuable suggestions and advice, 
and to the Chemical Society for a grant towards the cost of this 
research. 

Wsst Ham Municipal Technical Institute. 

[Received, November 11th, 1918.] 
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XI .—The Sub-acetate and Sub-sulphate of Lead. 

By Henry George Denham. 

In recent papers the author has shown how lead sub-oxide may be 
.converted into the sub-haloid salts by the action of alkyl haloid 
vapour (T., 1917, 111, 29; 1918, 113, 249); in the present paper 
a somewhat similar method has been used for the preparation of 
lead sub-acetate and sub-sulphate. 

In all these experiments, the lead sub-oxide was prepared by 
the decomposition of pure lead oxalate according to the method 
previously described (loc. cit.). The same precautions have been 
followed in order to secure thorough preliminary heating of the 
reacting gases, the vapour being passed through a capillary spiral 
tube contained in the oven before it came in contact with the 
sub-oxide. The only modification necessary in the distillation has 
been that no drying agent was used in the apparatus, and it was 
necessary to heat electrically all the leading tubes in order to 
prevent undesired condensation and to secure a steady rate of 
distillation. 


Preparation of Lead Sab-acetate. 

Preliminary experiments were carried out with methyl acetate. 
About 10 c.c. of a carefully dried sample of this substance were 
distilled through about 075 gram of lead sub-oxide, the duration 
of the experiment being approximately ninety minutes. Analysis 
of the product indicated that at 310° the sub-acetate decomposes 
completely, metallic lead being formed, whilst at temperatures 
much below this, the reaction proceeded too slowly to appear 
promising. Ethyl acetate behaved similarly, and an experiment 
was then carried out with acetic anhydride. 

Lead sub-oxide mixed with about four times its weight of 
powdered glass was prepared in two bulbs (for details, see T., 1917, 
111, 29), and the apparatus filled with oxygen-free nitrogen. 
About 8 c.c. of carefully fractionated acetic anhydride were distilled 
through the bulbs at 195°, as recorded on a standardised platinum 
thermometer. This slow distillation generally lasted about eighty 
to ninety minutes. The oven was then cooled to about 180°, and 
the.apparatus was exhausted by means of a Sprengel. pump. The 
bulbs were then sealed off and were available for analysis. By this 
> VOL. CXV. F 
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procedure, any trace of acetic anhydride could be removed from 
the bulb without causing any decomposition of the sub-acetate. 

One difficulty still remained. Traces of water were found to be 
retained most tenaciously by the sub-acetate. A few samples 
which were quite free from moisture were prepared, but in general, 
although the ratio of lead to acetate in the compound agreed with 
the theoretical ratio for lead sub-acetate, from 1 to 3 per cent, 
of water was also present. The presence of the water was 
repeatedly verified by the action of heat, a liquid which rendered 
anhydrous copper sulphate blue being fairly readily expelled. 

Traces of acetic acid were generally present in nearly all the 
samples of acetic anhydride used, and this probably accounted for 
the presence of water in the sub-acetate. However, as the 
anhydrous and the hydrated sub-acetate showed no difference in 
solubility and general properties, anhydrous acetic anhydride was 
used only in certain control experiments. 

Found: Pb = 77-6, 77*9, 77-9; C 2 H 3 0 2 = 22-3, 22*0, 22'2. 

CH 3 -C0 2 Pb requires Pb = 77-82; C 2 H s 0 2 = 22-18 per cent. 

In seven experiments made with acetic anhydride containing 
traces of acetic acid, the average of the analyses was Pb = 75‘8; 
C 2 H s Oo=: 21-5. There is a possible hydrate of the formula 
(CH^C0 2 Pb) 2 ,H 2 0 which contains Pb = 75-3 per cent., and it 
appears probable that where acetic anhydride containing traces of 
acetic acid is used, the product is the hydrate, containing more or 
less of the anhydi'ous sub-acetate. Thus in two experiments, in 
which the same sample of acetic anhydride was used, after a dis¬ 
tillation lasting ninety minutes, the percentage of lead was: 
(«) bulb 1, 75-4, bulb 2, 75-2; (b) bulb 1, 75-1, bulb 2, 75-2. 


Properties of the Sub-acetate. 

In order to obtain evidence of the existence of the sub-acetate, 
determinations of the conductivity of a saturated solution of the 
substance and of the normal dehydrated acetate were carried out 
in absolute alcohol at 25°. The apparatus and method previously 
described (Joe. cit.) were again used in order that traces of oxygen 
might be excluded when the suh-acetate was used. The resistance 
of the alcohol was 90,000 ohms, whilst that of a saturated solution 
of the normal acetate was 4100 ohms, and of the sub-acetate, 
(a) 6100, ( h ) 6400, (<;) 6000 ohms. 

As further evidence of the existence of a definite sub-acetate of 
lead, experiments on the decomposition of the normal acetate and 
the sub-acetate were undertaken. A sample of the anhydrous 
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normal, acetate was heated in a vacuum and the temperature slowly 
raised. At 200°, a very slow evolution of gas occurred, becoming 
rather brisker at 240°. The temperature was then kept constant 
and the pump kept in action' for nineteen hours. Gas was still 
very slowly evolved, and it was found that the acetate had scarcely 
changed colour, and there was a considerable crop of long, white, 
needle-like crystals which had volatilised out of the bulb into the 
relatively cooler leading tube within the oven. 

A sample of the sub-acetate was then similarly treated. At 
200°, gas was slowly evolved, the evolution becoming brisker at 
240°. After seven hours at 240°, gas was still being evolved 
slowly, and a small, volatilised band of white, amorphous, basic 
material was found outside the furnace, whilst the material in the 
bulb had undergone a marked change. It was now full of long, 
needle-like, greyish crystals. This change, from a finely crystal¬ 
line, bluish-grey substance into a mass of grey, needle-lilce crystals, 
was very marked, as, too, was the entire absence of the volatilised, 
white, needle-like crystals obtained in the decomposition of the 
normal acetate. The behaviour on heating the different acetates 
in a vacuum is so different that it would he difficult to maintain 
the view that the sub-acetate is a heterogeneous mixture of metal 
and normal acetate, and these results, coupled with the different 
conductivity of the saturated solutions, must rather be held to con¬ 
firm the view of the chemical individuality of the sub-acetate. 
The sub-acetate exhibits the same behaviour towards acids as other 
sub-salts of lead, namely, it is rapidly decomposed into metal and 
normal salt. 


Lead Sub-sulphate. 

Methyl sulphate was distilled through lead sub-oxide at 280° 
for about seventy-five minutes, the manipulation being similar to 
that already described for the sub-haloid salts of lead (foe. tit.). 
No difference in behaviour or in appearance was detected in the 
products prepared from lead sub-oxide or from the sub-oxide 
diluted with four times its weight of silica. On the other hand, 
when the distillation was carried, out at 310°, and the silica 
omitted, the resulting grey mass was seen under the microscope 
to contain clusters of white crystals in a dark background, and was 
clearly heterogeneous. 

In the sub-sulphate prepared according to the above method, the 
lead was estimated by conversion into lead sulphate, and the 
sulphate by treating the sub-salt with dilute nitric acid, evapor¬ 
ating to dryness, washing out the lead nitrate, and weighing the 

I 2 
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residue in a Gooch crucible as lead sulphate. Owing to the 
presence of traces of carbonaceous matter, the precipitate was 
generally faintly grey until after gentle ignition. 

Found: Pb-81*25, 81*62, 81*30, 81*29; S0 4 = 18*65, 18*56, 
18*80, 18*62. 

PbS0 4 requires Pb = 81*18; S0 4 = 18*82 per cent. 

Properties of the Sub-sulphate. 

The action of acids on the sub-sulphate is similar to their action 
on the sub-haloid salts. A solution of ammonium acetate when 
boiled with the substance leaves a deposit of spongy lead. In 
order to test the chemical individuality of a saturated solution of 
the salt, determinations of the conductivity in water and alcohol 
at 18° were made. The resistance of the water was 27,000 ohms, 
whilst that of a saturated solution of lead sulphate was 3030 ohms, 
and that of the sub-sulphate was {a) in air, 3100 ohms, and (5) in 
a vacuum, 3200 ohms. 

The difference is so slight that it appears highly probable that 
there is decomposition into lead and lead sulphate, although no 
visible change occurred in the appearance of the residue. 

The resistance of the alcohol was 90,000 ohms, whilst that of a 
saturated solution of lead sulphate was 93,000 ohms, and of the 
sub-sulphate 75,000 ohms. 

Although a much more marked difference was obtained, the 
evidence afforded by the conductivity method was still so incon¬ 
clusive that further evidence as to the individuality of the salt 
was sought by investigating the influence of temperature on the 
sub-sulphate. Were the substance a heterogeneous mixture of lead 
and lead sulphate, a rise in temperature above the melting point 
of lead would be expected to cause a pronounced change in the 
appearance of the finely divided lead. Before heating the sample, 
some of it was carefully observed under the microscope, and no 
sign whatever of heterogeneity was noticed, but the whole appeared 
a uniform iron-grey. The temperature was raised 120° above the 
melting point of lead for a period of four hours. On cooling, the 
microscope failed to reveal any change whatsoever in the appear¬ 
ance of the salt. The entire absence of anything in the nature of 
minute globules of lead certainly supports the contention that this 
greyish substance is definitely lead sub-sulphate. 

* , Conclusion . 

(1) Lead sub-acetate has been obtained by the action of acetic 
anhydride on lead sub-oxide at 195°. 
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(2) Tlie substance is bluish-grey, and behaves similarly to other 
sub-salts of lead. 

(3) Its solubility in alcohol differs slightly from that of the 
normal acetate, but the behaviour of the two acetates on heating 
in a vacuum supports the view of the chemical individuality of 
the sub-acetate. 

(4) The sub-sulphate has been prepared by the action of methyl 
sulphate vapour on the sub-oxide at 280°. 

(5) The substance is dark grey; conductivity experiments 
indicate that it decomposes on solution in water, but it appears 
more soluble in alcohol than does the normal sulphate. 

(6) On heating the substance 120° above the melting point of 
lead, no change in its appearance could be detected or any sign of 
globules of lead. 

In conclusion, the author begs to thank the Walter and Eliza 
Hall Trust for the facilities placed at his disposal for the prosecu¬ 
tion of this work. 

The Department op Chemistry, ’ 

University op Queensland, 

Brisbane. [Received, January 14th, 1919 .] 


XII .—The Synthesis of Ammonia at High 
Temperatures. Part III. 

By Edward Bradford Maxted. 

In previous communications (T., 1918, 113, 168, 386), some 
account has been given of the formation of ammonia in a rapidly 
cooled high-tension arc and in water-cooled flames, and evidence 
has been brought forward to show that the percentage of ammonia 
in equilibrium with nitrogen and hydrogen, after decreasing with 
increasing temperature, passes through a minimum value, and at 
very high temperatures increases with increasing temperature, a 
result which may also be shown thermodynamically. 

A determination of the equilibrium ammonia-content at the 
temperature of the high-tension arc (J. Soc. Ghem. hid., 1918, 37, 
232) gave approximately 1-7 per cent, by volume for the equil¬ 
ibrium percentage at atmospheric pressure under the experimental 
conditions employed, and yields of ammonia up to 1*5 per cent, 
could be recovered by suitable cooling. 
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Tliis reversal in the direction of variation of the equilibrium 
ammonia-percentage with temperature appears to be sufficiently- 
interesting to justify further study, and it is proposed in the pre¬ 
sent paper to deal with the formation of ammonia in an arc of 
larger size and more usual character than those hitherto employed. 

For the production of the arc, single-phase, 50-cycle alternating 
current supplied at a maximum potential of 375 volts was trans¬ 
formed to high tension by means of an oil-immersed static trans¬ 
former having a step-up factor of 31'5. 

It was found easily possible to obtain an appreciable concen¬ 
tration of ammonia by almost any method by which the mixture 
of nitrogen and hydrogen was brought into contact with the arc 
flame with subsequent rapid cooling, for instance, by means of a 
blown arc similar to that used by McDougall and Howies ( Proc . 
Manchester Phil. Soc., 1900, 44, No. 13) for the synthesis of nitric 
oxide, but in such cases a considerable proportion of the gas mix¬ 
ture blown into the arc failed to reach the requisite uniform high 
temperature, and for a preliminary study of the maximum per¬ 
centage of ammonia formed, as distinguished from the maximum 
quantity formed with a given expenditure of electrical energy, it 
was considered preferable to allow the arc to burn freely in the 
reacting gas mixture and to draw off samples of gas by means of 
a silica tube of small diameter placed in close proximity to the arc. 

The latter part of the present paper was carried out with a 
view to blunging additional evidence that the formation of 
ammonia at high temperatures really takes place by the direct 
union of hydrogen and nitrogen, and not by the subsequent reduc¬ 
tion of nitric oxide formed from traces of oxygen in the reacting 
gases. 

It should, further, be stated in this connexion that the mixture 
of nitrogen and hydrogen employed in all experiments reported 
both in this and in the previous papers was as far as possible free 
from oxygeu, and in no case contained sufficient of this to account 
for such secondary formation of any appreciable part of the 
ammonia obtained. 


Bxpebimbhtal. 

The apparatus employed is shown in the figure. The electrodes 
4 and B are of platinum, and terminate in small spheres slightly 
more than 1 mm. in diameter. & is a thick-walled capillary silica 
tube, its upper end being opened out and flattened so as to form 
a slit approximately 4 mm. long and T5 mm. wide. The silica 
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wall bounding the ends or this was ground away, and in the 
depressions thus formed at each end of the silica slit, the electrodes 
rested the lower part of the tube being circular in section and 
about 1'5 mm. in internal diameter. 

The arc was enclosed in a large inverted flask provided with a 
side-tube and three-way tap, D, for preliminary exhaustion and 
subsequent admission of the gas to be subjected to the action of 
the arc, this gas normally passing into the flask at 1) and leaving 
the system by way of the silica tube already described. 

For the following measurements, the current employed for arc- 
fonnation was limited by the interposition of an adjustable resist¬ 
ance on the low-tension side of the transformer. 

The platinum electrodes became 
quickly white hot and the arc flame 
burned steadily across the slit, and was, 
to a certain degree, drawn into the 
tube by the current of gas. Sufficient 
cooling for the recovery of the greater 
portion of the ammonia formed and 
for the prevention of the fusion of the 
silica tube was obtained without water¬ 
cooling. provided that a thick-walled 
silica capillary was used and that the 
arc employed was not too large. 

Samples of gas, taken at various 
rates, were analysed by passage through 
N1 10-acid, and in some cases by allow¬ 
ing a. small volume to pass through 
Kessler’s solution, practically identical 
results being obtained from each 
method of analysis. ^ 

The quantity of ammonia observed 
is influenced necessarily, not only by the temperature of the are,, 
but also by heating and cooling factors. With very slow currents, 
of gas, heating to are temperature occurs satisfactorily, but the 
ammonia formed undergoes considerable- decomposition owing to, 
the slowness with which it leaves the region of maximum tempera¬ 
ture. Passage of the gas too quickly, through the arc results in 
imperfect heating, such rapid passage, however, involving rapid 
cooling, and consequently a more complete retention of the 
ammonia formed. 

It will be seen from table I that the concentration of the 
ammonia recovered .at the ordinary temperature first of all rises 
yapidly with increasing velocity of passage, then passes a maximum, 
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value, the percentage of ammonia subsequently falling gradually 
with still greater velocities of passage. This form of the concentra¬ 
tion-velocity curve is a necessary result of the nature of the heat¬ 
ing and cooling factors discussed above. 

The issuing gas, of course, had a strong odour of ammonia at all 
the rates of flow studied, and the percentages obtained were of the 
same order of magnitude as those previously observed with small 
arcs not produced directly by a high-tension current of the usual 
sinusoidal wave form. For this series of experiments, O'04 ampere 
at a potential of 3250 volts was taken for arc-formation. 


Table I. 


Gas Mixture: Nitrogen, 25 per cent.; Hydrogen, 75 per cent. 


Kate of flow 
of gas in litres 
per hour. 
0-5 
0-57 
0-85 

1- 14 

2 - 1 
(2-1 


Concentration of 
ammonia per 
cent, by volume. 
0-49 
0-6 
1-3 
1-04 
0-58 
0-56) 


Rate of flow 
of gas in litres 
per hour. 

3- 4 
(3-4 

4- 6 
6-1 

(7-5 


Concentration of 
ammonia per 
cent, by volume. 
0-49 
0-45) 

0-43 

0-40 

036 

0-32) 


It appears desirable at this point to discuss the evidence that 
the formation of ammonia at high temperatures takes place by the 
direct union of nitrogen and hydrogen, and not secondarily by the 
reduction of nitric oxide formed from nitrogen and traces of 
oxygen in the reacting gas. The point is of fundamental import¬ 
ance in any consideration of the variation of the ammonia equil¬ 
ibrium with temperature, and for this reason has been examined in 
such a way as to place beyond doubt the direct nature of the 
synthesis of ammonia at are temperatures., 

It may easily be shown from a consideration of the nitric oxide 
equilibrium, particularly ou account of the small partial pressure 
of the nitrogen in the gas mixture employed, such mixture consist¬ 
ing uniformly of 25 per cent, of nitrogen and 75 per cent, of 
hydrogen, that a trace of oxygen, amounting to 1 per cent, by 
volume or less, will not account for the percentage of ammonia 
obtained, even assuming that all the nitric oxide which can be 
formed under the conditions of experiment is quantitatively 
reduced to ammonia. The amount of nitric oxide that can be 
formed from nitrogen and oxygen at partial pressures of the order 
mentioned is depressed, by the ratio of partition of oxygen between 
hydrogen and nitrogen, to a very small fraction of the already 
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small percentage which may he calculated as capable of being 
formed from a consideration of the nitric oxide equilibrium 
only. 

In spite, however, of the small order of magnitude of the per¬ 
centage of ammonia that- might be formed secondarily from the 
traces of oxygen which are always present in commercial gases, it 
was considered preferable, both for the work described in the 
present paper and for all measurements of the formation of 
ammonia at arc temperature previously reported, to employ a gas 
known to be free from oxygen within the limits of the ordinary 
methods of analysis. 

This gas was prepared in a manner similar to that used by 
Haber and Van Oordt ( Zeitsch. anorg . Ghem ., 1905, 44, 341) for 
their determinations of the ammonia equilibrium at lower tempera¬ 
tures in the presence of a catalyst, by decomposing ammonia by 
passage through a heated iron tube, the mixture of nitrogen and 
hydrogen produced being carefully and thoroughly freed from 
ammonia by treatment with sulphuric acid and compressed for 
convenience into a previously exhausted steel cylinder by means 
of a totally immersed compressor of such design as to render 
impossible any penetration of air to the gas during compression. 
Each cylinder of nitrogen and hydrogen prepared in this way was 
carefully tested for absence of ammonia before use, by bubbling 
a considerable volume through Nessler’s solution. The gas-mixture 
contained certainly less than O’l per cent, of oxygen, from which 
percentage the ammonia capable of being formed secondarily would 
be negligible, and in any case incapable of accounting for a yield 
of ammonia of 1 per cent, or more. 

In a few preliminary measurements, a gas was used which had 
been made by the catalytic removal of traces of oxygen from a 
mixture of commercial hydrogen and nitrogen by passage over a 
heated metal, but whilst the resulting gas was equally satisfactory 
from the point of view of the yield of ammonia obtained by passage 
through an arc, the preparation of an oxygen-free mixture in this 
way was more troublesome than by the first method. 

In addition to employing a gas free from oxygen, it was con¬ 
sidered interesting to examine the synthesis at arc temperature 
under such conditions that the same volume of nitrogen and 
hydrogen was repassed a number of times through the arc, the 
ammonia formed at each passage being absorbed and measured. 
It is obvious that any trace of oxygen would, particularly by 
reason of the hydrogen present, be removed during the first few 
passages through the arc, and that the conversion to ammonia of 
an approximately constant percentage of the gas-mixture during 
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each successive passage would confirm beyond doubt the direct 
nature of the synthesis. 

The experimental method employed consisted in confining a 
known volume of an oxygen-free mixture of nitrogen and hydrogen 
in a graduated vertical glass capillary tube about 1 metre long. 
The upper end of this tube was fused on to a second, short, hori¬ 
zontal capillary tube containing platinum wire electrodes 0‘5 mm. 
apart, between which a small induction arc, as described in a 
previous communication, could be formed, this second capillary 
tube ending in a small absorption pipette filled with dilute 
sulphuric acid. The lower end of the graduated capillary tube w T as 
sealed by means of mercury covered with a small quantity of 
sulphuric acid, and, by the regulated motion of this seal up and 
down the graduated tube, the thread of gas could be passed and 
repassed through the arc as often as desired. An approximately 
uniform rate of passage was obtained by making the graduated 
capillary tube one limb of a U-tube and causing the required 
motion by means of a mercury flow, this being normally regulated 
so that each double passage through the arc occupied about six 
minutes when 1 c.c. of the gas mixture was taken for experiment. 

Working as above described, the ammonia formed during each 
upward passage was removed by the small absorption pipette sealed 
to the other end of the short capillary arc tube, whilst that pro¬ 
duced during each downward passage was absorbed by sulphuric 
acid clinging to the side of the graduated capillary. The arc tube 
was, of course, not allowed to become wet on account of the danger 
of fracture, and the thread of gas, after its introduction, passed 
no joints by means of which penetration of air might occur. 

Table II summarises the results obtained in two experiments of 
this nature, the estimation of ammonia being in this case carried 
out volumetrically by noting the contx*action after each passage. 
A preliminary small expansion occurred on starting the arc, and 
passage was only begun after the volume had become more or less 
constant. 

The yields of ammonia are much the same as those previously 
found for such arcs by other methods of analysis and with more 
accurate control over the rate of passage. Probably, by reason of 
the more rapid nature of the cooling, the yields are slightly higher 
than those obtained with the larger arc described in the first part, 
of the present paper. Each cm. of the graduated capillary corre¬ 
sponded with 0-01 c.c. of gas, so that the volume could be read off 
with fair accuracy to O’OOl c.c. 



THE EFFECT OF 

SOME SIMPLE 

ELECTROLYTES. 

. ETC. 

Vol. of gas 
passed through 

Table II 

No. of pas¬ 
sages since be¬ 

Contraction 
after double 

passage through Percentage 

No. of arc. 

ginning of 

are. 

aimnonu 

expt. c.c. 

expt. 

c.c. 

formed. 

1 0-74 1 

o 

n.nssr; 

1-7 

(original volume) 1 

0-715 

4 

0-025 

1-7 

0-69 

6 

0-02 

1-5 

0-67 

S 

0*025 

1-9 

0-645 

10 

0-01S 

1-4 

0-627 

12 

0-022 

1-8 

0-605 

14 

0-015 

1-2 

0-59 

16 

0-02 

1-7 

2 0-S25 \ 

2 

n-n:? 

1-8 

(original volume) j 

0-795 

4 

0-025 

1-6 

0-77 

6 

0-02 

1-3 

0-75 

8 

0-027 

1-8 

0-723 

10 

0-023 

1-6 

0-70 

12 

0-02 

1-4 

0-68 - 

14 

0-025 

1-8 

0-655 

16 

0-025 

1-9 

0-63 

18 

0-025 

2-0 

0-605 

20 

0-01 

0-8 

0-595 

22 

0-02 

1-7 

0-575 

24 

0-02 

1-7 

0-555 

26 

0-023 

2-0 

0-532 

28 

0-022 

2-0 

0-51 

30 

0-02 

1-9 

0-49 

32 

0-015 

1-5 

0-475 

34 

0-015 

1-6 


The experimental conditions, including control of rate of flow 
and the method of analysis, were not suitable for very accurate 
measurements, but the approximate constancy of the yield of 
ammonia, and especially the absence of any indication that a 
normal amount of ammonia is formed during the first passage and 
little or none during subsequent passages, appears to demonstrate 
without doubt the direct nature of the synthesis at high 
temperatures. 

[Received, December 23 rd, 1918.] 


XIII .—The Effect of some Simple Electrolytes on 
the Temperature of Maximum Density of Water. 

By Robert Wright. 

Rosetti (Aim. Chim. Phys ., 1867, [iv], 10, 461; 1869, 17, 370) 
has given a fairly exhaustive account of the early work carried out 

F* 2 
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on the determination of the temperature of maximum density of 
water and of a few salt solutions. A considerable portion of this 
work is due to Despretz (Ann. Chim. Phys., 1839, [ii], 70, 49; 
1840, 78, 296), and the most important result is embodied in the 
following law named after that investigator: “The lowering of 
the temperature of the point of maximum density of water caused' 
by the addition of a solute is directly proportional to the concen¬ 
tration of the latter.” 

An attempt was made by Fosetti to connect the lowering of the 
temperature of maximum density brought about by the addition 
of a solute with the lowering of the freezing point produced by 
the same cause, but it was found impossible to formulate any 
general law, for although the ratio of the two lowerings was 
constant for any given solute at different concentrations, still a 
different ratio was obtained by the use of a second solute. In 
other words, whilst the lowering of the freezing point—being con¬ 
nected with the osmotic pressure of the solution—depends only on 
the concentration of the solute molecules, the lowering of the point 
of maximum density depends on the nature as well as on the 
number of dissolved molecules. 

Coppet, in a series of researches (Ann. Chim. Phys., 1894, [vii], 
3 , 246, 268; Comj>t. rend., 1897, 125 , 533; 1899, 128 , 1559; 1900, 
131 , 178; 1901, 132 , 1218; 1902, 134 , 1208), has determined the 
molecular lowering of the temperature of maximum density for a 
number of salts of the alkalis, that is, the lowering produced by a 
gram-molecule of salt per litre, and the following table contains 
the more important of his results: 


Table I. 



Chloride. 

Bromide. 

Iodide. 

Rubidium . 

11*7 

13-2 

15-6 

Potassium. 

11*6 

12-8 

15-4 

Sodium..... 


14-5 

17-0 

Lithium .. 


7-0 

8-3 

Ammonium. 

7-2 

8*7 

in 


From an examination of these figures, Coppet points out that 
of the three acid radicles, the iodide has the greatest and the 
chloride the least effect, and as a general conclusion states that: 
“ Le rapport entre les abatements produit par le chlorure et le 
bromure (ou le bromure et le iodure) du memo metal est sensible- 
ment le meme pour tous les metaux du- groupe.” The ratio varies 
between the values 0*78 and 0*91. ■ 

From the results of the present investigation, carried out with 
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monobasic inorganic acids and their salts with univalent metals, it 
will be shown that the lowering produced by any given salt con¬ 
forms to a simple general rule, and can, in fact, be calculated from 
the known lowerings produced by other salts. The results of the 
measurements are given in table II, which contains the figures 
obtained for solutions varying in strength between semi- and one- 
sixteenth-molecular, the normal, or molecular lowerings, being 
calculated from those of lower concentration. 


Table II. 

Lowering of the Temperature of Maximum Density of Salt 
Solutions. 


HC1 . 

M/16. 

M/S. 

0*7 

M/4. 

1*3 

M/2. 

2*6 

Molecular 

lowering. 

5*2 

LiCl . 

— 

— 

1*4 

2*8 

5*6 

NaCl. 

— 

1*6 

3*1 

6*2 

12*4 

KC1 . 

— 

1*4 

2*8 

6-5 

11*0 

NH 4 C1 . 

. — 

1-0 

1*8 

3*6 

7*2 

HBr . 

_ 

0-9 

1*8 

3*7 

7*4 

LiBr . 

— 

— 

1*9 

3*8 

7*6 

NaBr. 

— 

1*8 

3-7 

7-4 

14*8 

KBr . 

— 

1*6 

3*2 

6*5 

13*0 

NH 4 Br. 

. — 

1*2 

2*3 

4*7 

9*4 

HI . 

_ 

1*2 

2*2 

_ 

8-8 

Lil. 

— 

1*2 

2*3 

— 

9*2 

Nal . 

...... 1-0 

2-0 

4*0 

— 

16-4 

KI .. 

. 0*9 

1*8 

3*7 

— 

14*8 

nh 4 i. 

. 0-7 

1*4 

2*7 

— 

10-8 

hno 3 . 

. 0-8 

1*6 

3*1 

_ 

12*4 

LiNO, . 

— 

1*6 

3*1 

— 

12*4 

NaNO,. 

. 1-3 

2*6 

5*0 

.— 

20-0 

KN0 3 ‘ . 

. 1-1 

2*2 

4*5 

—. 

18-0 

nh 4 no 3 . 

. 0-9 

1*8 

3*6 

— 

14*4 


It will he seen at once that the results agree with the law of 
Despretz, the semi-molecular solutions giving twice the depression 
of the corresponding fourth-molecular. Further, it is obvious that 
the lowering is not connected with the osmotic pressure, as the 
values shown for the molecular lowerings of different solutes vary 
greatly; nor is a consideration of the difference in the degree of 
ionisation sufficient to account for this abnormality, since the 
various solutions of any given concentration are practically ionised 
to the same extent. 

The regularity running through all the measurements can readily 
be seen if the difference between the lowering shown by any acid 
and, say, its sodium salt is considered. This difference for the four 
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acids tabulated lias the values 7*2, 7*4,7-6, and 7*6; thus the replace¬ 
ment of the hydrogen ion by sodium causes a practically constant 
increase in the molecular lowering. A similar increase is found 
when potassium is used instead of sodium, the average value being 
5*75, whilst for ammonium the value is 2'0. Further, the same 
effect is observed in t-he case of the acid radicle; thus, the replace¬ 
ment of chlorine by bromine increases the molecular lowering by 
2-1, whilst t-he substitution of iodine for chlorine causes an increase 
of 3-7. 

From a consideration of these results, it is evident that each 
acidic or basic radicle has its own effect- on the lowering of the 
point of maximum density, and that the effect produced by a. salt 
is equal to the sum of the lowerings caused by the metallic and 
acidic radicles. Hence, if we take the molecular lowering of 
hydrochloric ac-id—which gave the smallest effect of all the sub¬ 
stances examined—as standard, we can obtain the molecular lower¬ 
ing of any salt or acid by the addition of two numbers, one corre¬ 
sponding with the acidic and the other with the basic radicle of 
the salt. It will at once be seen that there is a close resemblance 
between the above conclusion and Yalson’s law of moduli, which 
states that the density of a normal salt solution is the sum of an 
acidic and a basic effect, and can, in fact, be calculated by adding 
to the density of a normal solution of a standard -substance— 
ammonium chloride—-two figures or moduli, one characteristic of 
the acidic and the other of the basic radicle of the salt. 

The moduli for the lowering of the point of maximum density 
are given in table III, and the molecular lowering of any salt can 
be found by adding to the molecular lowering of hydrochloric acid 
(5*2) the two moduli corresponding with the given salt. For ex¬ 
ample, the calculated lowering for potassium nitrate would be 
5^(hydrochloric acid) -i-5*75(pot-assium) + 7*2(nitrate) =18*15, the 
actual value found being 18*0. Several values for each modulus 
calculated from different salts are shown in the table, together with 
the mean value derived from them. 

Table III. 



Cl, 

Br. 

I. 

no 3 . 

Average. 

Li .. 

.... 0-6 

0-2 

0-4 

0-0 

0*3 

ISTa . 

.... 7-2 

7-4 

7-6 

7-6 

7-46 

K . 

.... 5-8 

5-6 

6-0 

5-6 

5-75 

YH 4 ..... 

.... 2-0 

2-0 

2-0 

2-0 

2*0 


H. 

Li. 

Na. 

K. 

NH,. Average. 

Br . 

.... 2-2 

2-0 

2-4 

2-0 

2-2 2-2 

I .. 

.... 3-6 

3-6 

4-0 

3-8 

3-6 3-7 

nq 3 . 

..... ■ .7-2 

6-8 

7-6 

7-0 

7-2 7-2 
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It should be noted that a similar set of moduli could he calcu¬ 
lated from the molecular lowerings given by Coppefe, although as 
a rule his values would not be identical with those tabulated; the 
results, however, approximate to one another fairly closely con¬ 
sidering the difference in the experimental methods employed. 

We may next consider the results obtained with the weak mono¬ 
basic organic acids in comparison with their highly ionised salts. 
Formic, acetic, and propionic acids, together with their sodium 
and ammonium salts, have been examined. 


Table IV. 



N/ 8. 

N/4. 

N/2. 

N. 

Formic acid . 

— 

1-7 

3-6 

7-2 

Na salt . 

1-6 

3-2 

— 

12-8 

NH 4 salt . 

... — 

1-7 

3-6 

7-2 

Acetic acid . 

— 

1-8 

3*7 

7-4 

Na salt . 

1-5 

3-0 

— 

12-0 

NH 4 salt . 

... — 

1-6 

3*1 

6-2 

Propionic acid . 

... — 

2-0 

4-0 

8-0 

Na salt . 

1-5 

30 

— 

12-0 

HE., salt . 

— 

1-7 

3-4 

6-8 


The results do not show the normal change, 7*6, which was 
obtained with strong acids when the hydrogen atom was replaced 
by sodium, but the difference between the values for the sodium 
and ammonium salts is constant in all three cases and is identical 
with that obtained in the case of the inorganic acids. In other 
words, the highly ionised salts of organic acids behave in the normal 
manner, whilst the feebly ionised acids themselves are abnormal. 

The dibasic acids, with their acid and neutral salts, are also of 
interest. 



Table V. 

ilf/16. M/8. 

ilf/4. 

M. 

Sulphuric acid . 

— 

3-0 

6-1 

24-4 

NaH salt. 

2*0 

4-0 

— 

32-0 

Na„ salt .. 

2-0 

4-0 

— 

32-0 

Oxalic acid . 

_ 

1-6 

3-0 

12-0 

NaH salt. 

— 

2-4 

— 

19-2 

Na„ salt .. 

20 

4-0 

— 

32-0 

Succinic acid. 

_' 

1-7 

3-4 

13-6 

NaH salt... 

... — 

2-5 

— 

20-0 

Na 2 salt ... 

1-5 

2-9 

— 

23*2 


It will be seen that the replacement of one hydrogen atom by 
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sodium in the two stronger acids gives values approximating to the 
normal, whilst succinic acid gives a slightly lower value, thus re¬ 
sembling the weak monobasic acetic and propionic acids. In all cases, 
the replacement of the second hydrogen atom is quite abnormal 
and differs widely in the three cases. From the normal behaviour of 
the acid salt, it may he concluded that the ions of sodium hydrogen 
sulphate consist mainly of ISTa* and HSO/, and not H* and NaSCf/. 
It should be noticed that as the greatest concentration examined 
in these acids was il//4, the results are not so accurate as with the 
monobasic acids. 

The results obtained for the salts of the bivalent metals show 
great irregularities, probably on account of the complex ions which 
are present. For example, the molecular lowering obtained for 
barium chloride was 24*6 and for barium nitrate 32’8, from which 
the two values 14’2 and 8’0 are obtained for the modulus of 
barium. Similar varying results can be obtained from the figures 
given by Coppet and Muller (Covvpt. rend., 1902, 34, 1208) for 
the lowerings shown by the halogen salts of barium and calcium. 


Table VI. 


Molecular lowering. Modulus. 


Barium bromide. 2H4 26-28 10-9 

Barium iodide. 29-24 29-42 11*7 

Calcium chloride .. 18-0 1S-3 7-8 

Calcium bromide . 20*12 20-93 5-7 

Calcium iodide. 26-09 26-63 8-7 


It will be seen at once that there is no regularity comparable with 
the case of the univalent metals. 


Experimental. 

The apparatus employed is shown in the diagram; it consists of 
a dilatometer with a capacity of about 50 c.c. and fitted with a 
stem 25 cm. long, and of 0'5 mm. bore. To compensate for the 
change in volume with temperature, a portion of the bulb is filled 
with mercury; the fraction of the total dilatometer volume thus 
filled is equal to the ratio between the coefficients of cubical ex¬ 
pansion of glass and mercury, so that, on a change of t em perature, 
the expansion or contraction of the metal exactly compensates the 
expansion or contraction of the bulb, the volume of the latter 
unoccupied by the mercury thus remaining constant. 

The dilatometer is filled by means of a tap funnel and a vacuum 
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pump. The stem of the dilatometer passes through a rubber cork 
fitted into the opening of the tap funnel which contains the liquid 
to be introduced into the dilatometer. The funnel and the 
attached dilatometer is now inverted and connexion made between 
it and a filter pump. As the pressure is lowered, the air in the 
dilatometer bulb bubbles through the liquid in the funnel, and on 
detaching from the pump, the liquid is forced into the dilatometer 
by the action of the atmospheric pressure. A second and a third 
exhaustion are usually necessary, and the last trace 
of air in the bulb is removed by heating. The jg 

dilatometer, with the funnel still attached, is now | 

placed in a vacuum-jacketed vessel filled with brine 
at about 5°, and allowed to cool. When the 
apparatus has attained the temperature of the 
surrounding liquid, it is disconnected from the tap 
funnel and a few shavings of ice are added to the 
liquid in the vacuum flask; air is then driven 
through the cooling mixture, so as to stir it until 
the ice has melted. The apparatus is now left for 
a quarter of an hour to allow the dilatometer to 
assume the temperature of the hath; this tempera¬ 
ture is then noted, and the level of the liquid in 
the dilatometer tube measured; the apparatus is 
again left, and readings are taken at five-minute 
intervals until the liquid in the dilatometer ceases 
to contract; this precaution is necessary in order 
to ensure that the whole apparatus is in a state 
of thermal equilibrium. A further small quantity 
of ice is now added so as to lower the temperature 
a fraction of a degree, and the process repeated. 

After several additions of ice, the liquid in the 
dilatometer reaches its point of maximum density, 
and on further cooling it expands. As this point 
is approached, the coefficient of expansion of the 
liquid diminishes, so that it is difficult to deter¬ 
mine the exact temperature of maximum density, 
and the readings given are only accurate to within about 

After a measurement, the instrument is warmed so as to expel 
a httle of the contents, and is then inverted so that the mercury 
runs out. This mercury is dried and reserved for the next deter¬ 
mination, whilst the rest of the contents of the dilatometer are 
removed by means of the filter pump. The instrument is then 
rinsed with the next liquid to be investigated, and, after the re- 
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introduction of t-lie mercury, it is filled with, the solution and the 
measurement made as before. 

A few other points may he noted. The coefficient of expansion 
of the glass was calculated between the ordinary temperature and 
100° by filling the instrument with mercury and weighing the 
quantity expelled when heated in a steam-jacket, whilst the volume 
of the bulb was measured by filling with water and weighing at a 
known temperature. The stem of the instrument was not 
graduated, but the level of the liquid below the upper end was 
determined by means of a depth gauge fitted with a vernier; by 
this means, a change of level of 0'1 mm. could be detected, and, 
moreover, the labour of regraduatiou of the stem after an accident 
was avoided. 


Conclusions. 

(1) The lowering of the temperature of the maximum density 
of water produced by the addition of a solute is directly propor¬ 
tional to the concentration of the latter (law of Despretz). 

(2) The lowering produced by a highly ionised binary electro¬ 
lyte is composed of two separate, independent effects, one due to 
the acid radicle and the other due to the basic radicle of the 
electrolyte. 

(3) The lowering produced by a highly ionised binary electrolyte 
of molecular concentration can therefore be cal ciliated by the addi¬ 
tion of two moduli to the lowering produced by a molecular solu¬ 
tion of a chosen standard substance. The chosen standard was 
iV-hydrochloric acid, which gives a lowering of 5*2. 

(4) The acid salts of the dibasic acids behave normally, but the 
neutral salts of such acids and the salts of the bivalent metals do 
not follow any simple rule in their effect on the temperature of 
the maximum density. 

(5) Feebly ionised organic acids show abnormal effects, but the 
highly ionised salts derived from them behave in the normal 
manner. 

Chemical Laboratory, 

Queen’s University, Belfast. [Received, December 21st, 1918.] 
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XIV .—Polar and Non-polar Valency. 

By Rajendralal Be. 

In a paper recently published, Briggs (T., 1917, I'll, 267) asks: 
‘‘’What is the valency of cobalt in chloropentammine cobaltic 

chloride, ^Co^^^Clg l' " This question has suggested the view 
set- forth in the present paper. 

From the study of the optical properties of the tetraethylene- 
diamniine-p-aniinonitrodicobaltic salts, 



Werner ( Ber ., 1913, 46 , 3674) concludes that there is no essential 
difference between the principal and auxiliary valency bonds. 
Evidently this conclusion may be applicable only to the bonds 
within the complex radicle (that is, bonds employed in uniting 
radicles co-ordinated with the cobalt atom). The bonds outside 
the complex radicle are employed in combining radicles which 
exist as ions. Their nature is thus entirely different from that of 
the former ones. A distinction ought therefore to be maintained 
between the bonds outside the complex radicle and those within it. 

We can find an explanation of the valency outside the complex 
radicle, which is polar in type, from Sir J. J. Thomson’s theory of 
valency. To understand the mechanism of it, let us picture the 
structure of an atom derived by Thomson. According to him, the 
atom consists of corpuscles moving in a sphere of uniform positive 
electrification, and its valency depends on the ease with which 
corpuscles can escape from, or be received by, the atom. Difficul¬ 
ties, however, arise in explaining the valencies within the complex 
radicle in the above manner, they being non-polar in type. 

During the disintegration of radioactive substances, the negative 
charges of electricity are carried by £-rays and the positive charges 
by a-rays. The /3-rays consist of expelled particles—not atoms of 
matter, hut free atoms of negative electricity or ‘'electrons.” An 
a-partiele, however, consists of two atomic charges of positive 
electricity combined with a helium atom—a substance inert in the 
chemical sense. It may therefore be assumed that the positive 
electricity can have an attraction for the mass itself, even if there 
be no charge of negative electricity on it. Thomson (“Rays of 
Positive Electricity and their Application to Chemical Analysis,” 
p. 40) also observes that molecules with pbsitive charges are quite 
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introduction of the mercury, it is filled with. the solution and the 
measurement made as before. 

A few other points may be noted. The coefficient of expansion 
of the glass was calculated between the ordinary temperature and 
100° by filling the instrument with mercury and weighing the 
quantity expelled when heated in a steam-jacket, whilst the volume 
of the bulb was measured by filling with water and weighing at a 
known temperature. The stem of the instrument was not 
graduated, but the level of the liquid below the upper end was 
determined by means of a depth gauge fitted with a vernier; by 
this means, a change of level of 0'1 mm. could be detected, and, 
moreover, the labour of regraduation of the stem after an accident 
was avoided. 


Conclusions. 

(1) The lowering of the temperature of the maximum density 
of water produced by the addition of a solute is directly propor¬ 
tional to the concentration of the latter (law of Despretz). 

(2) The lowering produced by a highly ionised binary electro¬ 
lyte is composed of two separate, independent effects, one due to 
the acid radicle and the other due to the basic radicle of the 
electrolyte. 

(3) The lowering produced by a highly ionised binary electrolyte 
of molecular concentration can therefore be calculated by the addi¬ 
tion of two moduli to the lowering produced by a molecular solu¬ 
tion of a chosen standard substance. The chosen standard was 
JV-hydroehloric acid, which gives a lowering of 5’2. 

(4) The acid salts of the dibasic acids behave normally, but the 
neutral salts of such acids and the salts of the bivalent metals do 
not follow any simple rule in their effect on the temperature of 
the maximum density. 

(5) Feebly ionised organic acids show abnormal effects, but the 
highly ionised salts derived from them behave in the normal 
manner. 

Chemical Laboratory, 

Queen’s University, Belfast. 


[ Received, December 21 st, 1918.] 
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XIY .—Polar and Non-polar Valency. 

By Rajendralal De. 

In a paper recently published, Briggs (T., 1917, 111, 267) asks: 
‘‘ What is the valency of cobalt in ehloropentanmiine cobaltic 

chloride, ^Co^^^Cl,!” This question has suggested the view 
set forth in the present paper. 

From the study of the optical properties of the tetraethyleue- 
diammi ne-p-aminonitro dicob altic salts, 


Werner (Bcr., 1913, 46 , 3674) concludes that there is no essential 
difference between the principal and auxiliary valency bonds. 
Evidently this conclusion may be applicable only to the bonds 
within the complex radicle (that is, bonds employed in uniting 
radicles co-ordinated with the cobalt atom). The bonds outside 
the complex radicle are employed in combining radicles which 
exist as ions. Their nature is thus entirely different from that of 
the former ones. A distinction ought therefore to be maintained 
between the bonds outside the complex radicle and those within it. 

We can find an explanation of the valency outside the complex 
radicle, which is polar in type, from Sir J. J. Thomson’s theory of 
valency. To understand the mechanism of it, let us picture the 
structure of an atom derived by Thomson. According to him, the 
atom consists of corpuscles moving in a sphere of uniform positive 
electrification, and its valency depends on the ease with which 
corpuscles can escape from, or be received by, the atom. Difficul¬ 
ties, however, arise in explaining the valencies within the complex 
radicle in the above manner, they being non-polar in type. 

During the disintegration of radioactive substances, the negative 
charges of electricity are carried by /3-rays and the positive charges 
by a-rays. The /3-rays consist of expelled particles—not atoms of 
matter, but free atoms of negative electricity or “electrons.” An 
a-particle, however, consists of two atomic charges of positive 
electricity combined with a helium atom—a substance inert in the 
chemical sense. It may therefore be assumed that the positive 
electricity can have an attraction for the mass itself, even if there 
be no charge of negative electricity on it. Thomson {“ Rays of 
Positive Electricity and their Application to Chemical Analysis,” 
p. 40) also observes that molecules with positive charges are quite 
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common, whilst those with negative charges of electricity are very 
rare. This property which the positive electricity possesses affords 
an explanation of the phenomena of the valencies inside the com¬ 
plex radicle of a complex salt. 

In order to explain the phenomena of the above valencies, we 
shall consider Rutherford’s view as regards the constitution of an 
atom. According to him, a positive nucleus is situated in the 
centre, whilst electrons move around it in various concentric rings. 
We shall conceive this nucleus as having a binding capacity for 
the radicles which are co-ordinated with a metallic atom in the 
case of complex salts. It is significant that no positive radicles, 
such as ammonium, tetramethylammonium, etc., which can exist 
as cations, have been observed to combine with a metallic atom 
forming a complex radicle. Negative radicles, such as Cl (chloro-), 
N0 2 (nitro-), etc., however, do form a complex radicle with a 
metallic atom. These negative radicles also carry negative charges 
of electricity when they exist as anions. 

Let us form a picture of the mechanism as conceived above. 
We have the positive nucleus of the metallic atom (capable of 
forming a complex radicle) in the centre, and around it there are 
various concentric rings along which the electrons move. We may 
assume that adjacent to the outermost ring of electrons constituting 
the atomic structure there are the neutral molecules, for example, 
NH 3 , H 2 0, etc., or the negative radicles, for example, Cl, NO, 2 , 
etc., or both these neutral and negative radicles, held by the 
influence of the positive nucleus of the metallic atom concerned. 

Accordingly, in the case of tetraethylenediammine-p-aminonitro- 
dicobaltie salts, radicles within the complex radicle may be sup¬ 
posed to be attached to the positive nuclei of its cobalt atoms, and 
thereby, the valencies within the complex radicle being taken to 
be all alike, the two cobalt atoms become linked to the two groups 
in the middle, namely, N0 3 and NH 2 , in a similar way. 

The conditions favourable to the formation of complex salts 
may now be stated. The number of concentric rings in. the struc¬ 
ture of an atom grows large as the atomic weight increases, and, 
thereby, the structure also becomes more complex. According to 
Rutherford, however (Soddy, “The Chemistry of the Radio¬ 
elements,” 1914, Part II, p. 39), the mass of an atom is concen¬ 
trated in an exceedingly small central nucleus. Hence, with the 
decrease in the atomic volume, only the rings will decrease in size, 
and the outermost ring will approach nearer to the nucleus. We 
have already supposed the radicles, co-ordinated with a metallic 
atom, to be placed adjacent to its outermost ring of electrons and 
also bound by its nucleus. Evidently, the attraction of the nucleus 
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for the mass of the radicles would increase where there are possi¬ 
bilities of their being placed near to the nucleus, that is to say, 
where the atomic volume is small. In fact, metals that are cap¬ 
able of forming complex salts, as, for example, chromium, iron, 
manganese, cobalt, nickel, copper, ruthenium, rhodium, palladium, 
osmium, iridium, platinum, gold, etc., are situated on the troughs 
of Lothar Meyer’s atomic volume curve. Here it may also be 
mentioned that Ephraim (JBer,, 1912, 45, 1322; 1913, 46, 3103; 
1914, 47, 1828; Zeitsch. physical. Ghent ., 1913, 81, 513, 539; 
83. 196), from his study of the strength of the auxiliary valencies 
of various metals, has drawn the conclusion that the strength of 
the auxiliary valencies falls with the increase of the atomic volume 
of the metal concerned. We thus find a further support for the 
above assumption. 

It will be observed that the metals which form complex salts 
are mostly found both in the “ ous” and the “ic” state of their 
ionic condition, as, for instance, we have Cr" (ehromous), Cr"' 
(chromic), Co" (cobaltous), Co"’ (cobaltic), etc. It may also 
possibly be that the “ ous ” condition of the metallic ion is more 
favourable to the formation of a complex radicle. During the 
reduction of a metallic ion from the “ic” to the “ous ” state, there 
is an alteration in the electric charge of its rings, and the proba¬ 
bility is that this alteration is confined to the outermost ring 
(Soddy, ibid.). Evidently, in the “ous” condition of the metallic 
atom, there is a less number of electrons in its outermost ring. 
Keeping in view the structure of an atom, it would be natural to 
expect that, ordinarily, the outer rings of electrons would offer 
themselves as a shield against the attraction of the positive nucleus 
for the radicles which may be co-ordinated with a metallic atom. 
The case is, however, different in its “ous” state, for, there being 
produced a weakness in the shield, due to a less number of electrons 
in the ring, the attraction of the nucleus will obtain an oppor¬ 
tunity of manifesting itself by forming a complex radicle. It is 
known that chromic chloride has to be reduced to the ehromous 
state for the preparation of chrom-ammonia salts (Christensen, 
J. pr. Ghent., 1881, [ii], 23, 54). Similarly, in the preparation of 
cobalt-ammonia and platinum-ammonia compounds (Gerhardt, 
Annalen ,, 1850, 76, 307), the starting materials are the “ous” 
salts of the metal concerned.. 

Lastly, it is found that the formation of a complex anion is a 
more general phenomenon than the formation of a complex cation; 
for example, there are compounds of the type [M(G>0 4 ) 3 ]R 3 , where 
M may be Vd, Cr, Mn, Fe, Co, Rh, Al, As, Sb, or Bi (Werner, 
“Hew Ideas on Inorganic Chemistry,” p. 115, ed, 1911). It 
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seems possible that there is a connexion between the increase of 
attraction of a metallic atom for these negative radicles (co¬ 
ordinated with it) and the cause which occasions the presence of 
negative charges of electricity on them when they exist as anions. 

We have already supposed that the valencies outside the complex 
radicle are caused by electrons of the outermost ring constituting 
the atomic structure. These electrons may therefore be termed 
valence-electrons. Obviously, the number of the valence-electrons 
of a metallic atom corresponds with that of its maximum valencies 
outside the complex radicle. In the -ease of the complex metal- 
ammonia compounds, this maximum valency is exhibited when all 
the radicles co-ordinated with the- metallic atom are NH 3 or H 2 0, 
and when a negative radicle is introduced into the above complex 
radicle the number of valencies outside the complex one is 
decreased (that is, the number of valence-electrons appears to 
become less). We may call those valence-electrons which seem to 
have vanished in this way bound valence-electrons, and those which 
have caused the appearance of valencies outside the complex radicle 
free valence-electrons. We may also notice that the maximum 
number of free valence-electrons (that is, electrons which can escape 
from a metallic atom, forming a complex cation) is the same as the 
maximum number of electrons which can he received by the atom 
in addition to its own valence-electrons, when it forms a part of a 
complex anion. For illustrating this point, we- may cite the com¬ 
pounds: (i) [Co(NH 3 ) fi ]Cl s , where the complex radicle is a ter- 
valent cation, (ii) K 3 [Co(NO 2 ) 0 ], where the complex radicle is a 
tervalent anion, and (iii) [(NH 3 ) 3 Co(N0 2 ) s ], a non-electrolyte. In 
the third compound, no electron has escaped or been received by 
the metallic atom, but* all the three valence-electrons, along with 
the three univalent- negative radicles, have been bound by its posi¬ 
tive nucleus. Regarding the question at hand, namely, that of 
the number of valencies in chloropentamminecobaltic chloride, it 
may be said that here the cobalt atom contains three valence- 
electrons—one is bound along with the univalent chloro-radicle 
co-ordinated with cobalt, and the remaining two have caused the 
appearance- of valencies of polar type outside the complex radicle. 
Resides these three valence-electrons, the metallic atom possesses 
six valency bonds of nan-polar type caused by the attraction of its 
positive nucleus. 

The structure of the complex radicle as conceived above explains 
also the phenomenon of the directional nature of the auxiliary 
valency bonds, indicated by the stereoisomeric compounds of com¬ 
plex metal-ammonia salts, for the nueleus, being centrally placed 
in the structure of an atom (metal), has an advantage in exerting 
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its attraction along different directions, wliicli the electrons moving- 
in their orbits cannot possibly have. The assumption of the 
nuclear attraction, however, need not be confined to these cases of 
complex derivatives alone. The phenomena of non-polar valency 
may, in general, be considered to have arisen from this attraction. 

The kind of valency exhibited in organic compounds, is a typical 
non-polar one. If we compare the valencies of the carbon atom 
with those of metallic ones, employed in co-ordinating radicles with 
them, we find that both these two kinds are non-polar and direc¬ 
tional in nature (shown by the stereoiscmerides of the carbon 
compounds and those of complex metal-ammonia derivatives). 
This similarity in their character may indicate the probability of 
their being brought- about by the same cause, namely, by the 
attraction of the positive nucleus of an atom. The assunvption 
receives further support from the small atomic volume of carbon 
(as shown in Lothar Meyer’s atomic volume curve). It has already 
been supposed that the attraction of the nucleus for radicles should 
increase as the atomic volume decreases, and this should tend to a 
maximum when the volume becomes very small. 

Nernst is of opinion that the forces by which the carbon atoms 
in a crystal of diamond are held together are identical with the 
attraction of its four valencies called into play in the formation 
of organic compounds, that is to say, “the forces of cohesion are- 
identical in nature with the forces of chemical affinity ” (“ The 
Theory of Solid State,” p. 6). The cohesive forces are found to 
increase with, the decrease of the atomic volume of elements. They 
may therefore arise from the very same nuclear attraction of atoms 
mentioned before. An inspection of the behaviour of carbon and 
its compounds might help in giving some light in this direction. 

In the process o-f the synthesis of diamond, an immense pressure 
is brought about by the contraction of iron in which carbon has 
been dissolved. Evidently, for effecting union (that is, saturation 
of the valencies of carbon atoms), the atoms are required to be 
brought very near to one another. It may also he noted that in 
the case of the carbides of metals, the carbides Li 3 C 2 , CaC 2 , etc., 
where the metals are of large atomic volumes, are decomposed by 
water, whilst the carbides Cr 3 C 2) Cr 4 C, etc., where the metals in 
combination are placed on a trough in the atomic volume curve 
(that is, are of small atomic volumes), form stable compounds. 
Taking into consideration that the mass of an atom is concentrated 
in an exceedingly small central nucleus in the structure, it seems 
possible that carbon atoms would exert only a very feeble attrac¬ 
tion when placed a little apart or when combined with metals of 
large atomic volumes. The various rings of electrons around the 
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nucleus, which have already been compared to shields, may also 
occasion a further hindrance in their union. 

Further light will be thrown on the above if the following view 
is taken of the constitution of triphenylmethyl. It is found that 
in solution triphenylmethyl has a molecular weight corresponding 
with the formula (CPh 3 )o (Gomberg and Cone, Ber., 1904, 37, 
2033). This is what may be expected from its mode of preparation: 

2CPh 3 Br + 2 Ag = 2AgBr + CPk 3 *CPh 3 . 

As the compound is very reactive, even at a low temperature, it 
has been assumed that it is rather a derivative of tervalent carbon. 
Exposure to the air, even for a very short time, is sufficient to 
transform it into a peroxide of the constitution CPhyOOCPln. 

We may, however, represent the constitution of triphenylmethyl 
as CPho...CPhc. The weak attraction between the two carbon 
atoms is shown by the dotted line. The feebleness of their attrac¬ 
tion may be due to the inability of the carbon atoms to approach 
very near to each other on account of the hindrance caused by the 
large phenyl groups attached to them. The hindrance referred to 
may be of the type similar to that of steric hindrance (Wegscheider, 
Moncitsh., 1895, 16, 148), and their reactivity may be due to the 
possibility of their drawing small atoms very near to them. View¬ 
ing the constitution given for the oxidation product, it is seen that 
by the intervening of two oxygen atoms the large radicles have 
been placed apart, and by the union of the two carbon atoms with 
two oxygen atoms (small indeed compared with the triphenyl¬ 
methyl radicle) a stable compound has been formed. 

According to our assumption, radicles bound by the positive 
nucleus should not show any polar character. Although the 
valency of carbon is ordinarily non-polar, there are a few organic 
compounds where it seems to function as polar, as, for instance, in 
hydrogen cyanide and in organic acids, where we have the radicles 
•C:N or *N:C and B>C(V respectively, besides hydrion. There 
are also sodium acetylide, CHSCETa, silver acetylide, G>Ag 2 , and 
cuprous acetylide, G>Cu 2 , where the hydrogen atoms of acetylene 
have been displaced by metallic atoms. In order to explain this 
anomaly, we may consider Sir J. J. Thomson's observation that 
"when the discharge tube contains such gases as CH 4 , C0 2 , CO, 
where there are no bonds between two carbon atoms in the mole¬ 
cule, we find negatively charged carbon atoms, but no negatively 
charged molecules. When, however, we use compounds such as 
acetylene, HC:CH, ethylene, H 2 CiCH 2 , or ethane, H 8 C*CH 3 , where, 
according to the usual interpretation of the constitution of these 
substances, there are bonds between carbon atoms in the molecule, 
then we find molecules as well as atoms of carbon with the negative 
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charge ” (Joe. cit.). He is also of the opinion that on account of 
the unsaturated valencies of the carbon atoms in the molecule, it 
has been possible for the negative corpuscles to become attached 
to them (ibid.). A similar explanation may be applicable in the 
above cases. In them, more than one bond of carbon has been 
occupied with the other element combined with it, and a corpuscle 
received from an adjacent hydrogen atom may become attached to 
the remaining part of the compound, thus giving rise to their polar 
character. 

Compounds such as LiH, H 3 0, NH 3 , etc,, Ni(CO) 4 , Co, 2 (CO) 8 , 
etc., and also groups of atoms forming radicles, such as C0 3 , N0 3 , 
S0 4 , etc., being formed by non-polar valencies, may have their 
origin in the nuclear attraction. We may also ascribe the forces 
by which atoms and molecules in a crystal are held together to the 
same attraction. These forces have been supposed to be caused by 
residual valency, which has also been assumed to bring about the 
solution of a substance in a solvent (Baly, “ Spectroscopy/’ 1912, 
p. 487). The phenomena of solution should necessarily be con¬ 
sidered to be due to the same attraction of the nucleus. In these 
cases, the size of the molecules may account for the feeble character 
of their binding. Lastly, all catalytic substances which are 
employed in gaseous reactions may be supposed to owe their cata¬ 
lytic action to the positive nuclei of the atoms in them. Indeed, 
the study of, the dissociation of the hydrogen molecule into atoms, 
and other similar studies, have convinced Langmuir ( J. Amer. 
Ghem. Soc., 1916, 38, 2221) that prior to the dissociation, absorp¬ 
tion of hydrogen by tungsten wire, due to its secondary valency, 
does take place. We see, therefore, that the nuclear attraction 
plays a great part in all chemical phenomena. 

^Regarding the number of valencies of the non-polar type for 
different elements, it may be noted that carbon (placed in the first 
trough of Lothar Meyer’s atomic volume curve) has four valencies, 
whilst other elements (placed in subsequent troughs of the curve) 
generally have six. In the case of the complex platinum- 
ammonium salts, however, the derivatives of the platinous salts, 
for example, [(NH 3 ) 4 Pt]Cl 3 , tetra-amminoplatinous chloride, show 
the number of auxiliary (non-polar) valencies to he four, whilst 
those of the platinic salts, for example, [(NH 3 ) c Pt]Cl 4 , hexa- 
amminoplatinic chloride, the number is six. The increase of two 
non-polar valencies in the latter case has been attended with an 
increase of two polar ones. Also the directions of these valencies, 
in the former case, lie in a plane, whilst in the latter case there 
are two additional directions lying in the same lino perpendicular 
to the above plane. Whether and how the electrons constituting 
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the atomic structure influence the number and directions of the 
rion-polar valencies of different elements awaits further study. 

My best thanks are due to Prof. P. C. Bay for his kind help ' 
and encouragement. 

Peesiuenoy College, Calcutta. 

Islamia College, Peshawar, India. [Received, October 2nd, 191.7.] 


XV .—The Interaction of Stannous and Arsenious 
Chlorides . 

By Beginald Graham Durrant. 

The action of stannous chloride on arsenious oxide dissolved in 
hydrochloric acid was first noticed by A. Bettendorf (Sitsungsbcr. 
'Niederrhehi, Gea. Bonn, 1869, 128*) two years after his discovery of 
yellow arsenic [ibid., 1867, 67, and (full paper) Annalen, 1867, 144, 

He records the formation of a voluminous, brown precipitate 
which proved to be arsenic (96—99 per cent.) with traces of non¬ 
removable tin. He showed that the rate of precipitation increases 
with ascending specific gravity of the arsenious solution. By dissolv¬ 
ing magnesium ammonium arsenate in acid he made a standard 
; solution and treated this with stannous chloride in varying dilutions 
of hydrochloric acid. (His figures will be quoted later on.) Prom 
these results he showed that the reaction is extremely delicate. It 
may be utilised for determining arsenic in sulphuric or crude hydro¬ 
chloric acid. During a distillation with the latter he observed a 
faint yellow coloration, which disappeared after a few hours. 
Arsenic was found to be present in this sample of hydrochloric acid, 
but he was unable to prove that the fading coloration was due to 
arsenic. 

The observation of this yellow coloration has deckled me to record 
a very remarkable yellow precipitate which, in 1914, I exhibited 
as “ yellow arsenic ” to the Science Masters’ Association in London. 
The precipitate was quite bright yellow at first, and was always 
kept in the dark except when shown for short periods. After a year 

* I am indebted to Dr. Hatchett Jackson who recently procured me a 
rescript of this paper from the Bodleian Library. 
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it had become a dull mustard colour, being still in the original, well- 
corked flask and surrounded by the original solution (a mixture of 
arsenious and stannous chlorides in nearly normal hydrochloric 
acid). Every effort- was made to repeat this, but in vain. When 
filtered off, the precipitate appeared very dull and shrunken on the 
paper. After washing, it was specially tested for sulphur (since 
arsenious sulphide is yellow), but no trace of sulphur was found. 
The presence of arsenic was proved. 

On many points I find that my observations have been anticipated 
by Bettendorf, in particular the possibility of making the reaction a 
means of differentiating arsenic from antimony. 


Expeeimehta l. 

The Nature of the Arsenic Frccipitated. 

Arsenic is probably in a colloidal state before it is precipitated, 
for (i) the precipitate invariably contains a trace of tin salts 
(chloride as well as tin), and this cannot be removed completely by 
prolonged washing; (ii) two similar solutions (reactants, 0'44iF- and 
3i\ r -liydrochloric acid) were left corked for two days and remained 
quite clear. One was then diluted with an equal volume of water. 
After four days both had deposited arsenic. A third solution at the 
start was mad© up to the lower of the above concentrations and 
remained perfectly clear for twenty-five days. 

The appearance of solid arsenic is always preceded by a pale buff 
tint; from this a buff-brown precipitate falls, and is best observed 
from such admixtures as yield a very slow deposit. If this deposit, 
after washing, is immediately shaken with carbon disulphide, arsenic 
is found to be dissolved. The yield is rather greater if carbon 
disulphide is shaken violently with the two chloride solutions while 
they are interacting. On five occasions small, pale particles were 
observed to rise from the clear disulphide solution during spontane¬ 
ous evaporation. They moved about rapidly, congregating in the 
centre of the surface, then darkened, and finally settled on the 
bottom of the dish in the form of grey arsenic. 

Erdmann ( ZeitscJi . anorg. Ghcm ., 1902, 32, 453) obtained arsenic 
soluble in carbon disulphide by reducing arsenious oxide with zinc 
dust in the presence of the solvent. Very small quantities were 
obtained by the author in this way. 

These results, and those referred to in the Introduction, indicate 
that the very earliest deposit of arsenic is of the yellow type, but 
that unless certain unascertained conditions obtain, the yellow 
variety spontaneously becomes brown or grey. , 
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Nature and Conditions of the Reaction. 

The obvious equation is 2AsGl 3 -i- 3SnCl 2 = 3SnCl 4 + 2As, and when 
weights of the reactants, corresponding with this equation, are 
placed in hydrochloric acid- of sufficiently high concentration the 
action reaches completion in a few hours. With other weights excess 
of either reactant corresponds with calculation. The action has been 
proved to be irreversible, for, if finely divided arsenic is boiled with 
solutions of stannic chloride in the presence of hydrochloric acid of 
varying concentration, in no case does the resulting solution give 
any precipitate with mercuric chloride. 

A very careful experiment was made in order to ascertain if the 
anhydrous chlorides react. 

Fresh arsenious chloride was so arranged that on movement of the 
handle of an air-pump some would drop on to dry, powdered stan¬ 
nous chloride—also under the receiver. After four days’ final 
drying with phosphoric oxide, the experiment was made. Beyond 
the faintest darkening no discoloration occurred. On exposure to 
air a distinct brown colour overspread the powder, and when a drop 
of water was added a heavy crusting of arsenic appeared immedi¬ 
ately. 


General Method of Estimating the Rate of Progress of Action-. 

Separate solutions containing known weights of the two chlorides 
were made up in known concentrations of hydrochloric acid. Por¬ 
tions of these solutions were evaluated separately by means of 
standard permanganate. The results were found to agree with the 
known concentrations. All stock flasks were re-tested from time to 
time. 

' Small dry flasks were placed in a large thermostat, and into these 
definite volumes of both chloride solutions were introduced by 
separate pipettes. 

After definite intervals water was added. The dilution effectively 
stops the action. The contents of each flask were then filtered and 
uniformly washed. Standard permanganate was used to determine 
the amounts of stannous and arsenious chlorides remaining in the 
filtrates and wash-water. 

The action of the permanganate may he expressed: 

f 2AsCI 3 + 20 = 2 AsOC 1 3 V 
\ 3SnCl 2 + 30 = 3SnOGl s . J* 

As the filtrates required less permanganate than did the sum of 
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the separate solutions, the deficit became a measure of the change 
which had occuiTed. Two-fifths of this deficit were due to the pre¬ 
cipitation of arsenic and the rest to the formation of stannic chloride 
in the reaction: 

3SnCl 2 + 2 AsC 1 3 —> 3SnCl 4 + 2As. 

Errors. —The sources of error in this process are: (1) imperfect 
washing, (2) loss by adsorption, (3) oxidation of stannous chloride 
due to access of air. 

The two first, considered together, were found to give rise to an 
error probably less than 2 per cent. 

The third_ source of error was almost eliminated by keeping the 
stock solutions of stannous chloride in a well-corked flask and by 
introducing carbon dioxide immediately after use on every occasion. 
In the same way the reaction took place in small, corked flasks in 
which the air was displaced by carbon dioxide. Air had access only 
during the process of filtration. 

Calculations .—The recognised integration equations for first and 
second order reactions were applied to a large number of determina¬ 
tions. In no case did the velocity constants conform to the second 
order. The results quoted are from the first-order equation, 
1 , a 

t where a — 100, a = percentage of change, and f=time 

in minutes. Hence the mean value of k for each set of experiments 
represents a special figure by which the relative speeds may be com¬ 
pared. 


Table I. 

* = 12-5°. Normalities: S'nCl 2 = 0-507, AsC1 3 =0'584, HC1 = 6‘06. 
Nj 4-Permanganate used. Complete oxidation should correspond 


deficit of 45‘6 

c.c. 



Interval, 

Deficit, 

Percentage 


minutes. 

c.c. 

change. 

&X 10*. 

2 

3-65 

8-0 • 

1-81 

5 

9-3 

20*8 

2-03 

8 

16-65 

36-5 

2-46 

10 

17*05 

[37-41 

[2-03] 

12 

26-25 

57-5 

3-09 

15 

29-4 

64*5 

3-00 

20 

33-85 

74-2 

2-94 

30 

38-46 

84-3 

2-68 

40 

40-1 

87-9 

2-29 

50 

40-8 

89-5 

2-96 

65 

41-9 

91*9 

ri-68] 

100 

42-85 

93-9 

2-21 

120 

43-6 

95-6 

2-97 

180 

43*9 

96-3 

2-40 


Mean 2-57 
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placed in hydrochloric acid, of sufficiently high concentration the 
action reaches completion in a few liours. With other weights excess 
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proved to be irreversible, for, if finely divided arsenic is boiled with 
solutions of stannic chloride in the presence of hydrochloric acid of 
varying concentration, in no case does the resulting solution give 
any precipitate with mercuric chloride. 

A very careful experiment was made in order to ascertain if the 
anhydrous chlorides react. 

Fresh arsenious chloride was so arranged that on movement of the 
handle of an air-pump some would drop on to dry, powdered stan¬ 
nous chloride—also under the receiver. After four days’ final 
drying with phosphoric oxide, the experiment was made. Beyond 
the faintest darkening no discoloration occurred. On exposure to 
air a distinct brown colour overspread the powder, and when a drop 
of water was added a heavy crusting of arsenic appeared immedi¬ 
ately. 


General Method of Estimating the Rate of Progress of Action, 

Separate solutions containing known weights of the two chlorides 
were made up in known concentrations of hydrochloric acid. Por¬ 
tions of these solutions were evaluated separately by means of 
standard permanganate. The results were found to agree with the 
known concentrations. All stock flasks were re-tested from time to 
time. 

Small dry flasks were placed in a large thermostat, and into these 
definite volumes of both chloride solutions were introduced by 
separate pipettes. 

After definite intervals water was added. The dilution effectively 
stops the action. The contents of each flask were then filtered and 
uniformly washed. Standard permanganate was used to determine 
the amounts of stannous and arsenious chlorides remaining in the 
filtrates and wash-water. 

The action of the permanganate may be expressed: 

f 2 AsC1 3 +20 = 2 AsOC1 3 \ 

\3SnCl s + 30 = 3Sn0Cl 2 . J' 

As the filtrates required less permanganate than did the sum of 
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the separate solutions, the deficit became a measure of the change 
which had occurred. Two-fifths of this deficit were due to the pre¬ 
cipitation of arsenic and the rest to the formation of stannic chloride 
in the reaction: 

3SnCl 2 + 2AsC1 3 —> 3SnCl 4 + 2As. 

Errors .-—The sources of error in this process are: (1) imperfect 
washing, (2) loss by adsorption, (3) oxidation of stannous chloride 
due to access of air. 

The two first, considered together, were found to give rise to an 
error probably less than 2 per cent. 

The third source of error was almost eliminated by keeping the 
stock solutions of stannous chloi'ide in a well-corked flask and by 
introducing carbon dioxide immediately after use on every occasion. 
In the same way the reaction took place in small, corked flasks in 
which the air was displaced by carbon dioxide. Air had access only 
during the process of filtration. 

Calculations .—The recognised integration equations for first and 
second order reactions were applied to a large number of determina¬ 
tions. In no case did the velocity constants conform to the second 
order. The results quoted are from the first-order equation, 

1 i a 

t l0 ° a^x' w -‘ iere a = 100, x =percentage of change, and t =time 
in minutes. Hence the mean value of h for each set of experiments 
represents a special figure by which the relative speeds may be com¬ 
pared. 


Table I. 


* = 12-5°. Normalities: S'nCl 2 =0*507, AsC1 3 =0*584, HC1 = 6*06. 
N1 4-Permanganate used. Complete oxidation should correspond 
with a deficit of 45*6 c.c. 


Interval, 

Deficit, 

Percentage 


minutes. 

C.C. 

change. 

kx 10*. 

2 

3-65 

8-0 - 

1*81 

5 

9-3 

20-8 

2*03 

8 

16-65 

36-5 

2*46 

10 

17-05 

[37-41 

[2-03] 

12 

26-25 

57-6 

3-09 

15 

29-4 

64-5 

3-00 

20 

33-85 

74-2 

2*94 

30 

38-45 

84-3 

2-68 

40 

40-1 

87-9 

2*29 

50 

40-8 

89-5 

2*96 

65 

41-9 

91*9 

[1*68] 

100 

42-86 

93-9 

2*21 

120 

43-6 

95*6 

2-97 

180 

43-9 

96-3 

2-40 

Mean 2-57 
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Various further imimolecular values of k were obtained. These 
were found to depend more on the concentration of hydrochloric acid 
than on anything else. The results made it- possible to choose 
suitable concentrations for systematic study. 


Influence of Hydrochloric Acid. 

In the following experiments 0’2500 gram of stannous chloride 


Relative velocities, 
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Relative velocities of the reaction : 3SnCL+2AsCl..=3SnCl4 + 2As, 
due to alterations of hydrochloric concentration . " See Table II. 
Temperature — 12°. 


acted on the equivalent weight of arsenious chloride in each case, 
die concentration of hydrochloric acid alone was varied. 


Table II. 


i«12°. 

Reactant Normality 

= 0-298. 

Normality 

Rouge of change, 

Mean value, 

of HGl. 

per cent. 

&xio 2 . 

10-09 

40—61 

21-2 

8-10 

36—64 

13-5 

7-25 

32—63 

4-76 

7-09 

34—78 

3-43 

6-77 

13—63 

1-46 

6-60 

21—69 

0-944 

6-34 

26—64 

0-436 

6-11 

41—53 

0*293 

4-85 

19—53 

0-0293 
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The curve, obtained by plotting these relative velocities against 
concentration of hydrochloric acid between 4’85-Y and S‘103 T , is 
exceedingly regular. Its sharpest curvature is in the neighbourhood 
of 6'5iY. If the regularity persisted up to the limit of possible 
hydrochloric acid concentration (about 10’33 r ) then the velocity at 
10‘09iV would be well over a thousand times what it is at 4'853 r —as 
measured it is only 723 times as great. 

Influence, of Simultaneous Change in Concentration of Reactants. 

In all these experiments, the concentration of hydrochloric acid 
remained constant at 6iF. t —18'4. 

Four 250 c.c. flasks— A, B, A lf B 1 —contained, respectively, 
SnCl g = l-74iY, AsCl s =l-76iY, SnCl 2 = 0-87iY, AsC1 3 =0-88A\ 

The concentration of hydrochloric acid became 6i\ 7 as soon as the 
mark in each flask was reached. 

Equal volumes from A and B were mixed in six small flasks,, 
and after 4, 6, 8, 10, 12, and 14 minutes, respectively, their filtrates, 
were titrated with 374-permanganate. 

In the same way, equal volumes from A 1 and B x were treated 
from seven flasks after 24, 32, 48, 64, 80, 96, and 112 minutes, 
respectively, the filtrates being titrated with Nj 8-permanganate. 

In each set, the range of progress was from 30 to 70 per cent. 

For AB set, mean value k x 10 2 =4'33. 

For A X B X set, mean value k x x 10 2 = 0'557. 

Hence k(lc x = 7'77 for the range between 30 and 70 per cent. 
The range between 30 and 40 per cent., however, gave k/k l = 5'5. 

Effect of altering the Concentration of Each Reactant Separately. 

Preliminary work had appeared to show that arsenious chloride 
reacts as a second, and stannous chloride as a first power. 

The following solutions were prepared, tested, and preserved* 
with all possible care. Five c.c. of stannous chloride solution 
reacted with 5 c.c. of arsenious chloride solution in each case. 
The washing was strictly uniform, so that errors hence arising 
were similar. 

The mean results, (2) and (4) in the following table, are fairly 
concordant. Those of (3) and (5) are more so. 

The results from comparison of (1), (4), and (5) confirm the' 
preliminary work with respect to arsenious chloride, which is seen 
to react as a second power, 

m The period preceding the first appearance of arsenic, from a', 
solution of its chloride at one-fifth the original concentration, was 
noticed to be just about twenty-five, times as great as it had been. 
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Table III. 


HC1=63 T . tf = 16'7°. 


(1) N- AsCl a acting on A T -SnCl s in 12 minutes 

required c.c.N /4-KMn0 4 Required by theory after 

33-3 per cent, change. 

Mean, of 2 readings 27-85 26-66 

(2) jV-AsC 1 3 on N /2-SnClo in 12 minutes 

22-3 23-3 

(3) iV-AsCl 3 on JV/3-SnCl 2 in 12 minutes 

20-8 22-2 

(4) JV-SnCl 2 on N /2-AsCl s in 48 minutes 

22-55 23-3 


(5) .N’-SnCl 2 


on NI 3-AsC 1 3 in 108 minutes 

20-9 22-2 


This suggested a method of working to a standard tint, as in 
Nesslerisation; moreover, the method compares the earlier stages 
of action on which calculations are more appropriately based. 

The tint used in table IV was obtained by the action of hydrogen 
sulphide on a very dilute solution of lead acetate. 


Table IV. 

HC1 = 6;Y. i = 10°. 


Times to reach Standard Tint are given in Seconds. 


Stannous 

Arsenious\ 

-> N. ■> N/2. -> N/2. ! 

1 Total. 

Ratio. 


N 


30 

110 

260 ! 

: 400 

1-0 

1-0 

N/2 


40 

160 

360 

560 

1-40 

1-41 

N/2 


50 

220 

460 i 

730 

1-82 

1-73 

Total 


120 

490 

1080 




Ratio 


1 

4-08 

9 




1/e 2 


1 

4 

9 





A similar set of nine readings referred to another artificial 
standard tint gave ratios: powers of AsCl s , 1:4'3:10 - 0; powers of 
SnCl 2 , 1:1-37: 1*80. 

The i\ r /3-stannous chloride solution, on testing, was found to 
have deteriorated slightly; the others had not. 

A solution of iV/4-stannous chloride was made. Using 
A/2-arsenious chloride against Nj 2- and N /4-stannous chloride, 
the times were 230 and 320 seconds respectively, giving a ratio 
1/1*39, again closely approaching 1 j */2. 

The results here given lead to the conclusion that in this reaction 
arsenious chiwide reacts as a- second -power and stannous chloride 
reacts to the power of the square, root of its concentration. 
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The figure 5*5, noted in the last paragraph for the change 
between 30 and 40 per cent., is quite consistent with the results 
here given, since 2 2 x \/2 = 5'64. 

The action of stannous chloride to the square root of its con¬ 
centration is also in agreement with Bettendorf’s figures (Joe. cit., 
1869). He took 0-001 gram of arsenic dissolved in 1 c.e. in each 
of five experiments, adding this to a definite amount of stannous 
chloride solution in the presence of hydrochloric acid. In the four 
last experiments he also added 50, 100, 200, and 400 c.c. of hydro¬ 
chloric acid (presumably of similar concentration). 

An immediate precipitate occurred in the first experiment, and 
the arsenic appeared in 5, 8, 12, and 20 minutes, respectively, in 
the others. 

Neglecting .1 c.c. of arsenious chloride-t-an unknown volume of 
stannous chloride solution originally taken, his concentrations 
were 1:2 :4 :8, his times were 1:1*6:2*4:4, figures which approach 
1:1*41:2:2*83, but exceed them in each case, because of the 
influence of the second power action of arsenious chloride, present 
in very small relative amount. (His experiments were made to 
show the delicacy as regards arsenic.) 

Effect of Dilution with Water. 

The stock solutions, when mixed, were at concentrations 
HC1 = GA and reactants each at 0*88iV. When undiluted, this 
mixture produced 70 per cent, change in twelve minutes. The 
dilutions (in ten steps) finally brought all the concentrations to 
one-third of the above. 

The hydrochloric acid normalities, and the state of change after 
five days are noted in each case. f = 16°. 6JV, 5-45A, and 5A 
had reached complete change. 4*61 A 89 per cent., 4-29A 59 per 
cent., 4A 24*4 per cent., 3*75 N 14*2 per cent., 3*53A 5*6 per cent., 
3*3A 3 per cent., 3A 1 per cent., and 2A no change and 
no subsequent sign of action after 29 days. This retarding 
action was made use of in all previous experiments when titrations 
with permanganate were made, the dilution with water being 
sufficient to reduce the concentration to one-third or les*. 


Summary. 

(1) There is evidence that arsenic in process of precipitation is 
partly soluble in carbon disulphide. In certain circumstances, 
arsenic may appear as a yellow deposit. 

VOL. CXV. < 
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(2) The anhydrous chlorides (arsenious and stauuous) do not 
interact. 

(3) Acceleration of the action is caused chiefly by increase in 
the concentration of hydrochloric acid, next by that of arsenious 
chloride, and least of all by that of stannous chloride. Arsenious 
chloride acts as a second power and stannous chloride to the power 
of the square root of its concentration. 


Gonchisions. 


The various phenomena aiid the figures given can be accounted 
for on the hypothesis that this action is between chloride ions, 
arsenious ions, and the stannous complex H a SnCl 4 . 

Stoppage by dilution must be due to the destruction of arsenious 
ions by hydrolytic action. 

(1) Chloride ions proceed partly from arsenious chloride and 
partly from hydrochloric acid, and they act as a first power. 

The velocity constants found in table II are thus explained. 

[T HC1 


normality. 

10-09 

8-10 

7-25 

7- 09 

8- 77 

6-60 

6-34 

6-11 

4-85 

h X 10 s . 

21*2 , 

13*5 !. 

4*76 !. 

3*43 . 

1*46 {. 

0*944 1. 

0*436 {. 

0*293 . 

0*0293'. 

k/k. ' 

1*67 

2*83 

1*37 

2*36 

1-64 

2*16 

3*22 

10*00 

Gl'/CV. 

7-09 

3-55 

1- 54 

2- 08 

1- 58 
1-88 

2- 66 
5-28 


Aggregate 

25-04 

25-66 


In the last column, the numerator gives the sum of chloride ions 
due to arsenious chloride and those due to increased hydrochloric 
acid concentration; the denominator is constant, and represents 
the chloride ions due to the 0‘2981V T -arsenious chloride, which is 
constant throughout the table. In the lower portion of the table, 
the arsenious chloride is not wholly ionised; in the upper portion, 
hydrochloric acid becomes less ionised at its higher concentrations. 
As is seen, the aggregate acceleration is directly proportional to 
the increase of chloride concentration s. 

(2) Positively charged arsenious ions also act as a first power. 
Arsenious chloride as a whole appears, therefore, to act as a second 
power. 

(3) That a compound of hydrochloric acid and stannous chloride 
exists in solution was indicated by Young (.7. Amer. Ghent. Soc„ 
1901, 23, 21, 450), and several stannochlorid.es, corresponding with 
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t.be formula M 2 SnCl 4 , have recently been described (compare Dr nee, 
(Jhem. News, 1918, 117, 193). In the reaction, this complex must 
be decomposed in order to produce stannic chloride, and this decom¬ 
position may account for the complex acting to the power of the 
square root of its concentration. 

According to accepted theory, the order of a reaction is governed 
by the slowest reactant. The order here is unimolecular, and the 
slowest reactant is this complex. Essentially the action consists 
in the disintegration of the complex by circumambient ions. 

The College, 

MArlborough. [Received, July 30th, 1918.] 


XVI .—Experiments on the Elimination of the Carh- 
ethoxyl Group from Tautomeric Systems. Part 
I. Derivatives of Indene. 

By Christopher Kelk Ingold and Jocelyn Field Thorpe. 
There have been placed on record within recent years (T., 1905, 
87, 1669, 1685; 1911, 99, 2187, and subsequent papers of the 
same series) a number of experiments dealing with substances 
possessing the kind of tautomerism which is associated with the 
three-carbon system 

ch-c:c. 

These experiments have for the most part dealt with glutaconic 
acid and its alkyl derivatives, and the conclusion was reached that 
glutaconic acid itself has the symmetrical or “normal” structure 
(II), the unsaturated or “labile” form (I) being too unstable te 
have any but a momentary existence. 

co 3 h-cHo-ch:ch*co 2 h co,h-ch-ch 2 *ch*co,h . 

a.) (ii.) 

When, however, alkyl groups were introduced into the three-carbon 
system, the unsaturated form was found to become very noticeably 
more stable with increasing weight of the substituents. 

It was thought desirable to extend these investigations to sub¬ 
stances possessing the three-carbon tautomeric complex, but con¬ 
taining groups other than carboxyl attached to its terminal carbon 
atoms—preferably to some substance in which the possible 

G 2 
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symmetry of the molecule could be tested without in any way 
tampering with the three-carbon system. 

Such a substance presents itself in the hydrocarbon iudene, the 
analogy of which to glutaeonic acid becomes apparent when the 
formulae are written together, thus: 


C0 8 H*CK„ 

(J0 2 H*CH 


>CH 


\/ 


(I.) (HI). 


COJI-CEK 011 '^ 

2 i 
(II.) 



• i 
(IV.) 


It was hoped originally that the accuracy either of III or of IV 
might be proved by preparing solid substituted indenes from 
« hydriiulones of the types V and VI. 



(V.) (VI.) 


If the unsubstituted three-carbon system of the indene nucleus is 
symmetrical, as would be expected from analogy to unsubstituted 
glutaeonic acid, the ketones V and VI should yield the same 
indene, whilst, if unsymmetrical, two different indenes should 
result. 

We have not yet been able to elaborate .methods leading to the 
preparation of suitable ketones of the types V and VI in sufficiently 
large quantities to ensure the success of this method of attack. In 
the meantime, however, we have made use of more easily available 
materials to obtain evidence bearing on the subject, and in par¬ 
ticular to investigate a reaction which has been repeatedly observed 
among esters of the glutaeonic series, and appears to be peculiar 
to tautomeric compounds. 

In 1905 the observation was made (Rogerson and Thorpe, T., 
1905, 87, 1702) that ethyl y-cyano-aj8y-trimethylglutaconate 

readily passed into ethyl carbonate and ethyl y-cyauo-a/3y-tri- 
methylcrotonate under the influence of cold sodium ethoxide: 
CO ;i Et-CMe(CN)*CMe:CMe*C0 2 Et.+ EtOH -> 

CHMe(CN)-CMe:CMe-C0 2 Et+ CO(OEt) 2 . 
Since that time, fairly extensive use has been made of this reac¬ 
tion in the preparation of a series of alkylated glutaeonic esters 
(Thole and Thorpe, T., 1911, 99, 2187). Thus the monoalkylated 
products derived from Conrad and G-uthzeit’s yellow sodium com¬ 
pound ( Annalen ■, 1883, 222, 259) yielded ethyl carbonate along 
with tribasie esters: 

(00. 2 Et) 2 CR*CH:C(C0. 5 Et), + EtOH —> 

“c0 2 Et-CHR*CH:C(C0 2 Et) 2 + 00(OEt) 2 . 
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The tribasie esters did not decompose when treated with excess ui 
the same reagent, but on further alkylation gave 07 -dialkyl deriv¬ 
atives, which reacted readily to form ethyl carbonate and 
dialkylated glutaconic esters: 

COJEt* CR: CH • OR' (COoEt), + EtOH —> 

COoEt*CR:CH-CHR / -CO,Et + CO(OEt),. 

The study of these and similar eases led to a generalisation 
regarding the determining cause of these reactions. They have 
always been found to be peculiar, in substances of the glutaconic 
type, to those in which all the terminal hydrogen atoms of the 
three-carbon system have been substituted. It was therefore 
inferred that the tendency in such cases to acquire the hydrogen 
atom necessary to enable the substance to pass into its tautomeric 
form is such that a carbethoxyl group readily becomes detached 
from the molecule and replaced by an atom of hydrogen under the 
influence of a suitable reagent. We shall have occasion more than 
once to make use of this general rule. 

The ethyl carbonate reaction is therefore very closely bound up 
with the tautomerism of the three-carbon system. One would not' 
therefore expect derivatives of vinylacetie acid, such as those 
represented by formulae VII and VIII, in which the double bond 
would be purely static, to exhibit this reaction to any marked 
degree. 

Bz*CH CH 2 CH 2 *CH 

OH PlrO C 6 H 4 -C(s) 

CR(CN)-C0 2 Et CR(CN)-C0 2 Et o)CR(OH)*COEt 

(VII.)" (VIII.) (IX.) 

It was therefore decided to prepare an ester of the type IX and 
investigate its behaviour towards cold sodium ethoxide. The 
similarity with VII and VIII is clear. If the double bond in the 
ester IX really possesses the same stable character, we should for 
similar reasons expect it to be unreactive. This conclusion is in 
agreement with the generalisation above cited; for if the three- 
carbon system (1), (2), (3) (see formula IX) in the indene ring is 
non-tautomeric and the double bond quite static between the 
carbon atoms (2) and (3), then, since this same double bond enters 
also into the three-carbon system (2), (3), (4), the latter must be 
non-tautomeric as well. Its normal form would clearly be incap¬ 
able of existence, since the central carbon atom ( 3 ) is rendered 
permanently quaternary by the double bond. In such an ester 
we should not, in view of the above-mentioned generalisation, 
expect to find any tendency to acquire an atom of hydrogen, which, 
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if it were acquired, could not possibly be mobile. If, on the con¬ 
trary, we found that an ester of the type IX actually did possess 
a noteworthy tendency to acquire a hydrogen atom in place of its 
carbethoxyl group, we should have to look on the fact as evidence 
of the tautomeric or dynamic character of the three-carbon system 
(1), (2), (3) of the indene ring. This follows by simply reversing 
the argument. 

Actually, we have succeeded in preparing a number of 
itidenyl 3-cyanoacetic esters of the type IX, and have found 
that the lower members of the series possess a very marked ten- 
deucy to lose their carbethoxyl group as ethyl carbonate when 
treated with quite a small quantity of sodium ethoxide at 30°. 
The ester in which R=Me, for example, when treated with as 
little as one-sixth of a molecule of sodium ethoxide, reacts at 30° 
in the course of a few minutes. The yield of the decarbeth- 
oxylated nitrile is 60 per cent., the remainder of the material 
passing into an insoluble substance of high molecular weight. In 
all the cases of this reaction investigated, there was a greater or 
less quantity of insoluble by-product formed along with the nitrile 
X and ethyl carbonate. 

l /X l!?d> 0H +EtOH i /X £ H c 9 >0H +CO(OEfc) a . 

^ CR(CN)-C0 2 Et NV ' / * CHR-CN 

(X.) 


With homologous alkyl derivatives (R=Et and R = Pr tt ), the 
reaction becomes successively more sluggish, and an increased 
quantity of by-product is formed, the yield of nitrile consequently 
diminishing. This is quite analogous to all that has been observed 
in regard to the same reaction when applied to the glutaconic 
esters (T., 1911, 99, 2192). Two points, to which no analogy has 
as yet been investigated or observed among the glutaconic esters, 
require, however, special notice. The ester for which R = ally! was 
found to be very much more reactive than the corresponding 
u-propyl derivative. Its reactivity was quite of a similar order 
to that of the methylated ester. The other point is that a 
branched chain in the alkyl group appears to inhibit the reaction 
practically altogether. Thus the esters for which R was isopropyl, 
isobutyl, and isoamyl gave no nitrile after remaining for twenty- 
four hours with one-sixth of a molecular proportion of sodium 
ethoxide at 30°. 

In order to obtain a comparative check on these results, we 
decided to investigate an ind 0 nyl- 2 -cyanoacetic ester of the type 
XL This clearly differs from IX only in the fact that in XI the 
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cyanoacetic residue is attached to the central carbon atom of the 
indene system. Now if the double bond in XI is entirely static 
as regards possible interchange across the system ( 1 ), ( 2 ), (3), then 
the carbon atom ( 4 ) will be the terminal carbon atom of one three- 
carbon system only, namely, the system (3), (2), (4). 

I' 7 'YSr 3 >G- OR(CN) • C0 2 Et 

\/ o) \/“ 

(XL) (XII.) 

It should therefore differ but little in reactivity from the carbon 


atom (4) in the corresponding ester of type IX. If, on the other 
hand, the system (1), ( 2 ), (3) of XI possesses a mobile hydrogen 
atom and a mobile double bond, it is clear that a hydrogen atom 
attached to the carbon atom (4) will have a double possibility of 
" wandering ”; it might wander either to (1) or to (3). We might, 
therefore, in view of the general rule, expect to find an ester of 
the type XI even more prone than the corresponding ester of the 
type IX to exchange its carbethoxyl group for an atom of 
hydrogen. 

Experiment shows the latter supposition to be amply justified. 
The ester prepared was that for which R=Me. With one- 
twentieth molecular proportion of sodium ethoxide, there was 
obtained after three minutes at 15° a practically quantitative yield 
of the corresponding nitrile (XII: R=Me). 

This connexion between the ease of elimination of the carb¬ 


ethoxyl group and the potential mobility of the hydrogen attached 
to the carbon of the cyanoacetic residue suggests a possible ex¬ 
planation of the broad facts both in the indene and glutaconic 
series in regard to the effect of the size of an alkyl group on the 
ease of the reaction. It seems likely to be connected with the fact 
that when heavier alkyl groups were introduced into the glutaconic 
molecule, they were found to increase the stability of the un¬ 
saturated form, and consequently to reduce the predominance of 
the normal and the potential mobility of the tautomeric hydrogen 
atom (since tautomerfsm depends on the possibility of the exist¬ 
ence of the normal form). An ester in which the degree of tauto- 
merism of the three-carbon system has been so reduced by the 
entrance of a large alkyl group would, in view of the generalisa¬ 
tion, be expected to exhibit a smaller tendency to acquire an atom 
of hydrogen, and this is what is actually found to be the case. 

In complete accord with the great ease with which the ester XI 
exchanges its carbethoxyl group for an atom of hydrogen, and 
with the presumed excessive mobility of the latter, is the behaviour 
of the unmethylated ester XIV. The eBters IX and XI were 
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obtained by alkylating the esters XIII and XIV respectively. 
These esters differ in acidity in the sense that, as one would expect 
from the different reactivities of their alkyl derivatives, the cyano- 
acetic hydrogen atom of indenyl-2-cyanocetic ester (XIV) is more 
loosely attached than that of the corresponding indeuyl-3-deriv- 
ative (XIII). Thus ethyl indenyl-2-eyanoacetate is a weak acid 

( / \ G J? I |>G-CH(ON)-G0 2 Et 

Nx// CH(CN)-C0 2 Et ^ 

(XIII.) (XIV.) 

forming a sodium salt which is not hydrolysed in aqueous solution, 
being decomposed only by slightly acid substances, such as carbonic 
acid. Ethyl indenyl-3-cyanoacetate, on the other hand, only forms 
a sodium salt in complete absence of water. 

It is perhaps worth noticing that when either of the indenyl- 
cyanoaeetic esters (XIII and XIV) are converted into or liberated 
from their salts, a deep crimson colour is immediately developed. 
This fades in the course of a few seconds, both the free esters and 
the solid salts being colourless. 

Another colour change which was regularly observed in the 
course of these experiments took place when the alkylated esters 
(IX and XI) were treated with sodium ethoxide. An indigo-blue 
colour immediately developed, and gradually faded as the elimina¬ 
tion of the carhethoxyl group proceeded. 

The preparation of the indenylcyanoacetic esters (XIII and 
XIV) was readily accomplished by condensing a-hydrindone or 
/3-liydrindone with ethyl cyanoacetate in the presence of piperidine 
or diethylamine: 

+ h 2 o 

^ CH(GN)-C0 2 Et 


Sf>OGH + CH 2 (CN)-C0 2 Et 


^-0H^ C ‘ CH ( CN )* G0 2 Et + H 2° ■ 


When ethyl indenyl-3-cyanoacetate was hydrolysed either by 
acid of by alkali, the eyano-acid (XV) was formed, although not 
without considerable decomposition. This acid on heating above 
its melting point gave off carbon dioxide, and from, the dark- 
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coloured residue indenyI-3-acetouitrile (XVI) was isolated by 


| /X | CH f ?>CH 

\/”“k 


\/ . 

0H(0N)-C0 2 H 

CHj-ON 

(XV.) 

(XVI.) 


vacuum distillation. This is the first member of the series of 
homologous nitriles of which X is the type. It cannot, of course, 
be prepared directly from the cyano-ester (XIII) by the action of 
sodium ethoxide, for reasons already indicated. 

Neither the compound, XVI, nor any of its homologues appears 
to form a sodium compound when treated with alcoholic sodium 
ethoxide, and all attempts to introduce another alkyl group into 
these compounds, using sodium or potassium ethoxide and an alkyl 
iodide, met with failure. The same was the case when the 
methylated nitrile, XII, derived from /3-hydrindone, was used. 

Experimental. 

The a-hydrindone required for these experiments was prepared 
from /3-phenylpropionic acid by a method essentially the same as 
that described by Kipping (T., 1894, 65, 680), but with the intro¬ 
duction of certain modifications which so improved the yield as to 
make this substance far more easily available than it has hitherto 
been. 

ft-Phenylpropionyl Chloride ,—It was found advantageous to use 
thionyl chloride in the preparation of this substance instead of 
phosphorus pentachloride. /3-Phenylpropionic acid (1QQ grams) 
was mixed with an equal weight of thionyl chloride in a flask fitted 
with an efficient condenser. The reaction was started by gentle 
heat and allowed to proceed for one and a-half to two hours, when 
the evolution of gas had ceased. The contents of the flask were 
then transferred to a Claisen distillation flask and heated at 100°/ 
25 mm. until all the thionyl chloride had distilled over. The resi¬ 
due was then fractionated under 22'5 mm. pressure, and 110 grams 
boiling at 121—122° were collected. The theoretical yield is 112 
grams. 

a-Hydrindo?ie .—Pure /3-phenylpropionyI chloride being thus 
available, it was found possible to carry out the internal con¬ 
densation, whereby hydrogen chloride is eliminated and a-hydr¬ 
ill done produced, with much better results than Kipping was able 
to obtain with the impure chloride at his disposal. Whilst he 
seldom obtained more than a 56 per yield, it was found that with 
the pure chloride a yield of 75 per cent, was always secured. The 
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reaction with the pure chloride is far more violent than with the 
impure product, and hence the mixture must be heated for a few 
minutes only. With this exception, the details given by Kipping 
were closely followed. 

fi-Eydrindone. —The /3-hydrindone required for these experi¬ 
ments was prepared by the improved modification (P., 1911, 27, 
108) of the original process described by Moore and Thorpe (T., 
1908, 93, 165). 


Condensation of a-Hydrindone with Ethyl Cyanoacetate in the 
Presence of Secondary Bases: Ethyl Indenyl-'B-cyanmcetaie 
(XIII, p. 148). 

Since a-hydrindone readily dissolves in ethyl cyanoacetate, it is 
not necessary to use any solvent in this condensation. A solution 
of 19 grams of the ketone in 16 grams of the ester was treated 
with 6"5 grams of diethylamine and the mixture allowed to remain 
at 40° for twenty-four hours. At the end of that time, the tube, 
which contained a stiff paste of crystals of the condensation pro¬ 
duct, was cooled for an hour at 0 °, and the crystals were drained 
on porous porcelain. The compound separates from alcohol in 
colourless, needle-shaped crystals melting at 104°; it is moderately 
soluble in dry ether and readily so in benzene, chloroform, or 
acetone. The yield represents about 55 per cent, of the theoretical, 
and is but little affected when piperidine is used in place of 
diethylamine: 

0-1031 gave 0-2805 CO s and 0-0538 fi 2 0. 0 = 74*20; H = 5’80. 
0-2492 „ 13-8 c.c. N 2 at 19° and 742'6 mm. N-6-19. 

C 14 H 18 0 3 lSr requires C = 74'0; H = 5'7; N = 6'2 per cent. 

The ester reacts with alcoholic sodium ethoxide, forming a 
sodium compound, from which the ester is regenerated by the 
action of water. There is no doubt but that this sodium com¬ 
pound contains the metal attached to the eyanoacetic residue, and 
that therefore the ester described above has the constitution 
assigned to it. When alcoholic sodium ethoxide was added to the 
ester, a deep crimson colour was invariably formed. This faded 
after a few seconds to a bright yellow, which persisted so long as 
the solution remained alkaline. 

Condensation of a-IIydrindone with Ethyl Cyanoacetate in the 
Presence of Alcoholic Sodium Ethoxide. 

The condensation with sodium ethoxide appears to be of a con¬ 
siderably more complex character than when secondary bases are 
used. Thus, when an alcoholic solution of a-hydrindone is added 
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to a hot suspension in alcohol of the sodium compound of ethyl 
cyanoacetate, there is formed a mixture of substances which may 
be precipitated by adding water. This mixture consists chiefly 
of two compounds, melting at 143° and 88—89° respectively, which 
may be separated and obtained in a state of purity by fractional 
crystallisation, first from alcohol and finally from a mixture of 
absolute alcohol and benzene. The former compound was identi¬ 
fied with anhydrobis-a-hydrindone (Found: C = 87-74; H = 5*70. 
Calc.: C = 87-8; H = 5-7 per cent.), which is recorded as melting 
at 142—143° (Kipping, T., 1894, 65, 495). 

Ethyl 2 : 3 ’-Di-indenyl-S-cyanoacctate, 



. X CH*C] 
CH(CN)-C0 2 Et 


The substance melting at 88—89° may be made to become the 
principal product if the order in which the condensing sub,stances 
are mixed is reversed. 3-3 Grams of ct-hydrindone were dissolved 
in a small quantity of hot alcohol, and a hot solution of 06 gram 
of sodium and 2*8 grams of ethyl cyanoacetate in 15 grams of 
alcohol was slowly added.. A few minutes after the addition was 
complete, the solution was rapidly cooled and poured into water. 
Hydrochloric acid was then added, and the oily precipitate ex¬ 
tracted with ether, the extract washed with dilute sodium 
carbonate solution and with water, and then dried. The solid 
residue obtained on evaporation of the ether, when recrystallised 
from alcohol, weighed 0"8 gram: 

01545 gave 0-4575 C0 3 and 0:0790 H 2 0. C= 80‘78; H = 5*68. 

0-1818 „ 6-7 c.c. bh at 17° and 766 : l mm. N = 4-23. 

C 33 H 19 0 2 N requires C=80*9; H=5'6; N=4T per cent. 

Ethyl 2:B , -dirindenyl-3-cyanoacetate separates from the usual 
solvents in pinkish-buff needles melting at 88—89°. It is oxidised 
instantly by cold alkaline permanganate. With alcoholic sodium 
ethoxide, it forms a yellow sodium compound, from which the 
original ester can he regenerated. 

Hydrolysis of Ethyl Indenyl-3-cyanmcetate : Indenyl-Z-eyanoacetic 
Add (XV, p. 149). 

The hydrolysis of the ester melting at 104° is a matter of some 
difficulty, owing to the ease with which it undergoes deep-seated 
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decomposition with acids and alkalis. Thus, oil boiling with acids 
(dilute hydrochloric or sulphuric), only a 6 per cent, yield of the 
acid is obtained . The acid can be produced in 36 per cent, yield 
by alkaline hydrolysis, but only by working within very narrow 
limits. Four grams of the ester were treated with 8 c.c. of AN - 
sodium hydroxide, aud the mixture was heated as rapidly as 
possible to the boiling point and maintained there for twenty 
seconds with vigorous shaking. The oil dissolved, forming a clear 
red solution, which was kept boiling for thirty seconds longer and 
then vapidly cooled. The crystalline sodium salt which separated 
was collected, dissolved in water, and the solution, after passing 
through a wet filter, acidified with hydrochloric acid. The acid 
separated as a white precipitate, which crystallised from alcohol 
in small prisms melting and decomposing at about 200°, the melt¬ 
ing point depending on the rate of heating. The point of instant¬ 
aneous decomposition as measured by the Maquenne block is 237°. 
The acid is sparingly soluble in water or dry ether: 

0-1251 gave 0*3326 C0 2 and 0*0509 H 2 0. C —72*51; H = 4*52. 
0*2164 „ 13*8 c.c. N* at 19° and 755 mm. N = 7*24, 

C 12 H 0 CLN requires C = 72*4; H=4*5; N—7*1 per cent. 


Indent/I-^-acetonitrile (XVI, p. 149). 

The pure, reerystallised acid (4*4 grams) was heated at 250° until 
the evolution of carbon dioxide had ceased. The dark-coloured 
oil which remained was then distilled under diminished pressure 
and the colourless distillate cooled in ice. The solid residue, which 
melted below the ordinary temperature, was reerystallised from 
light petroleum below 0°, and obtained in long*, colourless needles 
melting at 18°: 

0-0820 gave 0*2568 GO., and 0*0426 H.>0. C = 85*41; H^5*77. 

0*1430 ~ „ 11-3 c.c. N 2 at 19° and 761*2 mm. N = 9*06. 

C„H fl N requires C = 85*2; H=5*S; N = 9*0 per cent. 

The attempts which were made to alkylate this nitrile did not 
meet with any success, and we were quite unable to find the con¬ 
ditions by which the nitrile could be hydrolysed to the correspond¬ 
ing acid. 

Alkylation of Ethyl Itidenyl-3-eyanoacetatc and the Elimination 
of the Carbetkoxyl Group : Ethyl a-Inden yl-3 - a- cyan o- 

propionate, ^’^>G-CMe(CN)-C0 3 Et. 

In order to prepare this substance, 12 grams of the ester melt- 



OARRETTIOXYL GROUP FROM TAUTOMERIC SYSTEMS. PART I. 153 

i n g at 104° were dissolved in the least possible quantity of alcohol 
at 70° and added to a solution of 1-2 grams of sodium in 16 grains 
of alcohol. Ten grams of methyl iodide were then added, and the 
nffxture was heated until the yellow colour had entirely dis¬ 
appeared and the solution had become neutral, an operation which 
usually required ten minutes. The addition of water precipitated 
an oil which, when extracted by ether, yielded a solid residue after 
the solvent had been evaporated. The compound crystallises from 
a mixture of light- petroleum and ether in large cubes melting at 
60°; it is readily soluble in the usual organic solvents, excepting 
light petroleum. The yield -was 70 per cent, of the theoretical: 

0*1418 gave 0-3900 CO., and 0-0816 II 2 0. 0 = 74-96; H = G-39. 

0*2818 „ 14-4 c.c. No at 19° and 783 mm. N = 5*92. 

Cj.-JTjrjOoN requires (5=74-7j H = 6"2; N=5"8 per cent. 

a-Indenyl-Z-prapionitrile, ^^C*CBMe*0N. 

Six grams of the carboxylic ester were dissolved in cold alcohol 
and an alcoholic solution containing 0 - l gram of sodium was added. 
The solution was kept at 30° for a short time, when the blue colour 
which had developed was discharged, and the liquid had a strong 
odour of ethyl carbonate. The liquid was poured through a filter, 
water was added, and the precipitate which was formed was induced 
to solidify by shaking. It was then collected, dried, and extracted 
with hot light petroleum, the nitrile being deposited from the 
solvent, on cooling, in long, colourless needles melting at 118?. It 
may also be recrystallised from dilute alcohol. The yield is 60 per¬ 
cent. of the theoretical: 

0-1032 gave 0-3227 C0 2 and 0-0603 H 2 0. 0 = 85*28; H = 6'49. 

0-2118 „ 15-4 c.c. N 2 at 23° and 771 mm. N=8-30. 

C 12 H n N requires C = 85‘2; 11=6*5; N = 8 - 3 per cent. 

The nitrile could not be hydrolysed, and all attempts to intro¬ 
duce another alkyl group into it were without success. 


Ethyl a-/ ndeuyl-Z-a.-cyano-n-hutyrate, 

OFF •PET 

I' >C*CEt(CN)*CO,Et. 

G 6 n 4 

This ester was prepared in the same way as the methyl derivative 
already described. It is a colourless oil which boils at 200°/ 
25 mm.: 

0-1304 gave 0*3604 C0 2 and 0*0785 H 2 0. 0 = 75*38; H = 6*(59. 
0-2363 „ 11-6 c.c. N 2 at 22° and 768 mm. N = 5-62. 

C, 0 H 17 O 2 N requires 0 = 75*3; H = 6*7; N = 5*5 per cent. 
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a-Ttidenyl-3 -n -batyronif rile > * ___ ^>C-CHEt*ON. 

This nitrile was produced from the carboxylic ester by the action 
of a small quantity of alcoholic sodium ethoxide under the same 
conditions as those which were described for the methyl derivative. 
The crude solid precipitated by water was extracted with hot 
alcohol, and the nitrile obtained from the alcoholic extract by the 
addition of water. It crystallises from light petroleum in long 
needles melting at 76°. The yield is 20 per cent, of the 
theoretical: 

0*1306 gave 0*4067 C(X and 0*0835 H 2 0. C = 84*93; H = 7*ll. 

01882 „ 12*6 c.c. N 2 at 23° and 771 mm. N=7*64. 

Cj, 3 H 13 N requires C=85*2; H=7*l; N = 7*7 per cent. 

Ethyl a'lndenyl-S-a-cyano-n-valerate, 
rrcr .nil 

i f _ >C-CPi*(CN)-CO a Et. 

L 6 tl 4 

This ester was produced by the action of n-propyl iodide on the 
sodium compound of ethyl indenyl-3-cyanoacetate in alcoholic 
solution. The reaction was complete after heating for forty-five 
minutes, and the product was then isolated in the usual way. The 
ester is an oil which boils at 210 o /20 mm.: 

01259 gave 0-3502 C0 2 and 0-0797 H a O. 0 = 75-86; H=7-03. 

0-2169 „ 10*0 c.c. N 2 at 22° and 768 mm. N=5-26. 

C 17 H 19 0 2 N requires C=75*8; H=71j N=5‘2 per cent. 

a-lndenyl-Z-TL-valeronitrile , $??? CHPr" • ON. 

C 6 H 4- 

This compound was prepared in the same manner as the ethyl 
derivative, although in the present instance the reaction proceeded 
much less readily. It was isolated in the usual way and crystal¬ 
lised from light petroleum in colourless needles melting at 67°. 
The yield was only 10 per cent, of the theoretical : 

0*1028 gave 0*3210 C0 2 and 0*0710 H 2 Q. 0=85*16; H = 7-68. 

0-2018 „ 12*8 c.c. N 2 at 23° and 768 mm. N = 7-20. 

C 14 H 15 N requires C=85*3; H = 7*6; 17=7-1 per cent. 

Ethyl a-Indenyl-Z-a-cyanoisovalerate^ 

OH *CH 

X * _ >C-CPri(CN)-C0 2 Et. 

wPropyl iodide was found to react with the sodium compound 
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of ethyl indenyi-3-cyanoacetate in the same maimer as ?i --propyl 
iodide, and the product was isolated in the same way. In this 
case, the ester was obtained as a colourless oil which boiled at 260°/ 
120 mm., and solidified in the receiver. The solid crystallised from 
light petroleum in colourless prisms melting at 72°. The yield 
represented 60 per cent, of the theoretical: 

0-1115 gave 0-3105 C0 2 and 0-0716 H 2 G. C = 75-95; H=7T5. 

0-1859 „ 8-6 c.c. N 2 at 22° and 768 mm. N=5'28. 

C 17 H 19 0 2 N requires C=75-8; H = 7-l; N--5-2 per cent. 

This ester was scarcely changed by alcoholic sodium ethoxide 
under the experimental conditions which caused the other esters 
to lose their carbethoxyl groups as ethyl carbonate. Most of the 
original ester and a small amount of insoluble matter were 
recovered. 


Ethyl a-lndenyl-3-a-cyanoaUylaceta.te, 

Allyl iodide reacted with the sodium compound of ethyl indenyl- 
3-cyanoacetate in boiling alcoholic solution in the course of a few 
seconds. The product was isolated in the usual way and crystal¬ 
lised from light petroleum containing a little dry ether in nearly 
cubical crystals melting at 65°. The yield was 65 per cent, of the 
theoretical: 

0-1240 gave 0-3484 C0 2 and 0’0715 H 2 0. 0 = 76-63; H = 6'41. 

0-2954 „ 13"6 c.c. N 2 at 19° and 764 mm. N=5’31. 

C 17 H 17 0 2 N requires C=76*4; H = 6’4; JST = 5‘2 per cent. 


a-Jnde nyl-%-aXlyla ceton it rile, JU?‘ CH > C*OH(CN) • U H 9 -CH n :CH„. 

G 6 H 4 

The action of a trace of alcoholic sodium ethoxide on the ester 
caused the carbethoxyl group to be eliminated, and gave a yield 
of 40 per cent, of the corresponding nitrile, the same conditions 
being employed as those described in the former experiments. The 
nitrile crystallises from light petroleum in colourless needles melt¬ 
ing at 108°; 

0-1064 gave 0-3366 C0 2 and 0*0.647 B^O. 0=86-28; H = 6-75. 

0"2732 ,, 17*6 c.c. at 23° and 768 mm. 2$T = 7-31. 

c i 4 H i# requires 0=86-2; H = 6'7; N=7*l per cent. 
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Ethyl a-Iudenyl-S-a-cyanrnsohevoate, 

OH °OH 

I 2 _>C • C(C H • CH Me a )(CN) • CO.,Efc. 

This ester was prepared in the usual manner from fsobutyl iodide 
and ethyl indenyl-3-cyanoacetate. It distilled at 260°/40 mm. as 
a pale yellow oil: 

0 1956 gave 0‘5481 C0 2 and 0*1^90 H.,0. C = 76-43; H=7'33. 

0-2600 „ 11-6 c.c. N 2 at 22° and 761 mm. N = 5‘07. 

C 3 sHoi0 2 N requires C = 76-3; H = 7'4; N = 4-9 per eeut. 

Like the fs-opropyl derivative, this ester did not lose its carb- 
ethoxyl group by treatment with cold sodium ethoxide. After 
being submitted to the same experimental conditions as the other 
esters, the recovered material gave, on analysis, C = 7G-89, H = 7\5G, 
N=5 - 13, indicating that it was practically unchanged.- (The 
de-carbetlioxylated compound, C 13 H 17 N, requires C=85-3; H = S‘l ; 
N~6'6 per cent.) 

Ethyl a-lndenyl-Z-a-cyanox&oheptoate, 
^‘^>C*C( CH 2 *CH 2 -CHMe 2 )(0N)*GO 2 Et. 

"When prepared from the ester melting at 104°, and isoamyl 
iodide, and isolated in the usual way, this ester distilled at 270°/ 
34 nun. as an almost colourless oil : 

0-1680 gave 0-4749 C0 3 and 0-1173 H s O. 0 = 77-08; H = 7-7G, 

0-2127 ,, 9-0 c.c. N 2 at 22° and 766 mm. N = 4 - 80. 

Ci 0 H 23 O 2 N requires C = 76-8; H = 7‘7; N=4'7 per cent. 

The carbetkoxyl group could not be eliminated under the 
customary experimental conditions. The material recovered from 
the solution of sodium ethoxide gave, on analysis, 0 = 77*31, 
II = 7'92, N = 4*95, indicating that it consisted of the unchanged 
compound (C 16 H 19 N, the carbethoxyl-free compound, requires 
C = 85'3, H = 8*5, N=6-2 per cent.). 

Condensation, of (3-ffydrindone with Ethyl Cyanoacetaie in the 
Presence of Secondary Bases. 

When a mixture of jB-hydrindone and ethyl cyanoacetate Is 
treated with a secondary base such as piperidine or diethylamine, 
there is generally formed a mixture of two crystalline compounds 
melting at 116° and 176° respectively. The latter contained no 
nitrogen and gave, on analysis, C=87’62, H = 5‘81 (C JS H w O 
requires C=87*8; H=5'7 per cent.). It is therefore probably 
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identical with anhyclrobis-/3-hydvindone, the melting point of which 
is given as approximately 170° (Heusler and Schieffer, Her., 1899, 
32, 32). The amount of bis-compomid formed varies'very much 
with the conditions, and unless the condensation is kept well under 
control it may become the sole product. 

Ethyl bulenyl-2-cyanoacetate (XIV, p. 148). 

By exercising care, it was found possible to obtain a solid pro¬ 
duct" containing as much as 65 per cent, of ethyl indenyl-2-cyano- 
acetate and 35 per cent, of anhydrobis-j8-hydrindone. Ten grams 
of /3-hydriudone were dissolved in 9 grams of ethyl cyanoacetate, 
and the solution was cooled below 18° while 30 drops of diethyl- 
amine were added. After the addition of each drop, the solution 
was immediately shaken and well cooled in running water. After 
completing the addition of the base, Jhe tube containing the mix¬ 
ture was immersed in cold water for thirty minutes, when it was 
withdrawn and allowed to remain at the ordinary temperature for 
forty-eight hours. At the end of that time the stiff paste of 
crystals which filled the tube was spread on porous porcelain and 
allowed to remain until colourless. The crude solid mixture of 
condensation products, which, usually weighed about 13 grams, was 
rubbed to a fine powder under a little dry ether and roughly 
separated by extracting with four times its weight of boiling 
95 per cent, alcohol, the bulk of the bis-compound being left mi- 
dissolved. The crude ester deposited by the filtrate melted between 
90° and 110°. It was finely powdered and stirred into an excess 
of 4it-sodium hydroxide at 30°, the whole diluted with an equal 
bulk of water, quickly filtered, and treated with aqueous sodium 
hydrogen carbonate in excess. The precipitated ester was caused 
to solidify by shaking, and then collected and triturated with 
water. After draining and recrystallising from alcohol, it was 
obtained in long, colourless needles melting at 116°: 

0*1261 gave 0*3417 C0 2 and 0*0646 H 2 0. C = 73-91; H=5*70. 

0*1834 „ 9*7 c.c. Nj at 16° and 772-5 mm. N = 6-25. 

C 14 Hi a O a M requires C = 74*0; IT—5*7; N=6*2 per cent. 

The compound is very readily soluble in hot alcohol, hut spar¬ 
ingly so in cold. It is also very readily soluble in cold benzene, 
chloroform, or acetone, and sparingly so in ether or light 
petroleum. It tends to form coloured products when its alkaline 
solution is exposed to the air, and the yield obtained by the sodium 
hydroxide separation therefore depends greatly on the speed 
with which the operations are carried out. 

The separation was also effected by means of a long series of frac- 

vou. OXVI. 
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tional crystallisations from, alcohol. The ester obtained by both 
methods proved to be the same substance, showing that the form¬ 
ation of a “sodium salt had not involved any isomeric change, and 
that the compound must therefore have the structure assigned to it. 

The ester is readily soluble in 4iV-sodium hydroxide, and is not 
reprecipitated when a large bulk of water is added. It is insoluble, 
however, in sodium carbonate, and is therefore precipitated from 
the hydroxide solution by carbon dioxide or a bicarbonate. During 
the precipitation by either of these reagents or by an acid, a 
transient, red colour always appeared. A similar transient colour 
was invariably observed when an alcoholic solution of the ester was 
treated with aqueous or alcoholic potassium hydroxide or alcoholic 
sodium etlioxide. 

Sodium Derivative. —One gram of the ester was dissolved in 
twice the theoretical quantity of 4A-sodium hydroxide at 50°. On 
cooling, a colourless, crystalline sodium derivative separated out. 
The alkaline liquid was poured off from the crystals, which were 
then washed with ice-water and dried in a vacuum over phosphoric 
oxide; 

0*3002 gave 0*0860 Na 2 S0 4 . Na=9*28. 

O l4 H 12 O a NNa requires Na = 9*24 per cent. 

When kept in a closed space, the sodium compound slowly decom¬ 
poses, acquiring a green colour, but if spread in a thin layer over 
a large area in a dry atmosphere it can he kept for several weeks. 
Although the compound itself is colourless, its solution in water 
is orange. This solution on acidification becomes deep red for a 
few moments, the colour quickly fading as the free ester separates 
out. 


Methylation of Ethyl Indenyl-Z-cyanoacetate and the Elimination 
of the Garbethoxyl Group: Ethyl a-Indenyl-2-a-cyano- 

jrropionate, G 6 H 4 <^>G*CMe(0N)-G0 2 Et. 

The inethylation of ethyl indenyl-2-cyanoacetate was accom¬ 
plished both by the action of methyl iodide on the dry sodium 
compound suspended in alcohol and by the more usual process of 
treating the free ester with alcoholic sodium ethoxide and methyl 
iodide. The ester was precipitated with water and extracted with 
ether. After washing the extract with water and drying, the ether 
was evaporated and the residual oil crystallised from light 
petroleum containing a trace of ether. The ester separated in 
dense, colourless prisms melting at 56°. The yield was about 
70 per cent, of the theoretical: 
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0-1035 gave 0'283T C0 2 and 0-0580 ELO, C = 74-23; H = 6-22. 

0'1653 „ 8‘4 c.c. No at- 18° and 779 mm. N = 5'90. 

C 15 H 15 0 2 N requires C = 74 - 7; H = 6-2; N = 5-S per cent. 

arIndenyl-2-p’O'pionate , • OHM e • CN. 

The elimination of the carbethoxyl group of ethyl indenyl-2- 
cyanopropionate -was found to proceed with great ease in the 
presence of a small quantity of sodium ethoxide. Thus with one- 
twentieth of a molecular proportion of sodium, at 15°, the reaction 
was complete in about three minutes. On adding water, the nitrile 
separated out. After allowing the suspension to remain for 
twenty-four hours, it was filtered, and the solid dried and recrystal¬ 
lised from light petroleum, from which it separated in long, colour¬ 
less needles melting at 92°: 

0-1011 gave 0*3167 CO, and 0*0591 H,0. 0=85-43; H = 6-49. 

O' 1179 „ 8’5 c.c. N 2 at 20° and 764 mm. N=8'22. 

C l2 H n N requires C = 85'2; H = 6'5; N=8-3 per cent. 

The yield was practically quantitative. 

All attempts to hydrolyse this nitrile resulted in deep-seated 
decompositions taking place, and we were unable to isolate the 
corresponding acid. Several attempts also were made to introduce 
another methyl group into the molecule, but without success. 

Imperial Common or Science and Technology, 

Sooth Kensington, [ Received , December 6th , 1918.] 


XVII .—The Preparation of Monomethylamine from 
Chloropicrin. 

By Percy Faraday Frankland, Frederick Challenger, and 
Noel Albert Nicholls. 

The products of the reduction of chloropicrin seem to vary with 
the nature of the reducing agent. With stannous chloride and 
hydrochloric acid, cyanogen chloride is produced (Raschig, Ber., 
1885, 18, 3326). The occasional formation of traces of ammonia 
was noticed by this chemist, but as a rule, after removing the tin 
by means -of hydrogen sulphide, the product was found to be free 
from ammonium chloride and the hydrochlorides of hydroxylamine 
and methylamine, Iron filings and acetic acid (Geisse, Annalen, 
1859, 109, 282) or tin and hydrochloric acid (Wallach, ibid., 1877, 
184, 51) give rise to monomethylamine, 

CC1 s *N 0 2 + 12B = CH 3 *NH 2 + 3HC1 + 2H s O. 
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Since chloropicrin may easily be obtained in large quantities, it 
appeared desirable more closely to investigate its reduction, owing 
to tlie importance of monomethylamine in synthetic organic 
chemistry. It would be inferred from Geisse’s paper that the base 
he obtained was free from ammonia, whilst Wallach states that his 
product was comparatively very pure and the yield good. 

By employing fine iron filings and hydrochloric acid, we have- 
found that the composition of the reduction product depends on 
the conditions of the experiment. The use of iron and hydro¬ 
chloric acid in the theoretical quantities (six atomic proportions of 
iron and nine molecular proportions of acid to one of chloropicrin') 
in such a way as to prevent the formation of ferrous or ferric 
hydroxides gave a product rich in ammonium chloride. If chloro¬ 
picrin is shaken with iron filings and water, the mixture becomes 
extremely hot and a vigorous reaction sets in, which, however, 
gradually slackens if no aeid is added. By adopting the method 
employed in the reduction of aromatic nitro-compounds or of 
nitromethane and nitroethane (Krause, Chem. Ze/t., 1916, 40, 
810), the reaction proceeds satisfactorily in the presence of only 
about one-fortieth of the theoretical amount of hydi*oehloric acid, 
and a practically theoretical yield of methylamine hydrochloride 
is obtained. This usually contains about 4 per cent, of ammonium 
chloride, but in some of our experiments the quantity of this 
impurity has been still further reduced. The best results have 
been obtained by slowly adding the chloropicrin to a well-stirred 
mixture of iron filings and acidified water. The gradual addition 
of iron filings to a mixture of acidified water and chloropicrin did 
not seem to be very satisfactory, so far as could be- seen from the 
few experiments made in this direction. Some reductions carried 
out by gradually adding chloropicrin to boiling* alkaline ferrous 
hydroxide failed to confirm the results of Geisse (loc. rit.), who 
states that by this method no ammonia is produced. We obtained 
a product containing about 20 per cent, of ammonium chloride. 

The details of a typical large-scale experiment may be briefly 
outlined. Five hundred grams of fine iron filings were gradually 
shaken into a large earthenware jar containing 2500 c.c. of water 
and 60 c.c. of concentrated hydrochloric, acid. In this way, the 
filings were thoroughly moistened and the tendency to clogging 
was diminished. The jar was fitted with a stirrer and* placed in 
a little cold water; 250 grams of chloropicrin were then gradually 
added in the course of one-and-a-quarter hours. Too rapid addi¬ 
tion of the chloropicrin caused the mixture to froth over. Owing 
to the large amount of hydrated oxide of iron produced, the 
stirring was as efficient as possible, otherwise chloropicrin escaped 
reaction through being enclosed in masses of iron filings or oxide. 
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Tlie temperature rose considerably, and was maintained at- about 
50°. when the odour of chloropicrin was found to have disappeared 
after about three hours. The mixture was then gradually added 
to a boiling solution of sodium hydroxide contained in a large iron 
can, into which steam was blown. The methylamine was absorbed 
in hydrochloric acid, the solution evaporated, and the residue dried 
at 110° until constant weight was attained. The crude, dry 
hydrochloride was obtained in this way in a yield of 95*5 per cent., 
and contained 53*1 per cent, of chlorine, corresponding with an 
ammonium chloride content of only 3'5 per cent. 

That ammonium chloride is actually produced during the reduc¬ 
tion of chloropicrin was shown by treating cold concentrated 
aqueous solutions of the crude hydrochlorides with gaseous 
hydrogen chloride. The precipitated solid was collected, carefully 
freed from adhering hydrochloric acid, and analysed, when it was 
found to be almost pure ammonium chloride. The analyses of the 
crude methylamine hydrochloride were checked in some instances 
by an estimation of the platinum in the platinichloride. The 
hydrochlorides were evaporated with an excess of chloroplatinic 
acid solution, and the dry residue was extracted with absolute 
alcohol, whereby only platinum tetrachloride is removed. The 
possibility of a partial separation of the platinichlorides of the two 
bases would thus appear to he excluded. 


Summary of Results. 


Section A .—In the following experiments, the quantity of acid 
was very small, and the amount of iron theoretically required for 
the liberation of 12 atomic proportions of hydrogen (supposing 
sufficient acid had been present) was employed. The temperature 
was usually allowed to rise to about 50—-70°. 


Experiment. 
Chloropicrin, grams' 

Iron, grams.... 

Water, c.e.. 

Hydrochloric acid, e.e. 
Crude hydrochloride, 

grams . 

Theoretical weight, 

grams ... 

Cl in crude hydro¬ 
chloride.... 

Hence percentage 

NH 4 C1 . 

Pt in crude platini- 

chloride..._........ 

Hence percentage 

nh 4 ci.:. 


1 . 

2. 

3. 

500 

250 

250 

1000 

500 

500 

3500 

2500 

2500 

100 

60 

60 

190 

98 

94 

205 

102*5 

102*5 

53-3 

53*1 

53*6 

5-0 

3*5 

7-0 

41*53 

41*43 

- 

6*5 

2-75 



4. 

5. 

6. 

25 

25 

25 

50 

50 

50 

200 

200 

200 

12 

32 

10 

9-5 

lO’O 

9*5 

10*2 

10-2 

10-2 

52-9 

52*8 

53*1 

2-0 

1*5 

3*5 


— 

41*33 

__ 


1*10 


HH 4 C1 requires 01=66*5- (NHjJgPtClg requires Pt = 43’96. 
CH 3 *lSrH s Cl requires Cl=52’6 . (CH s *HH 3 ) 2 PtCl G requires Pt=41*30 per cent. 
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Section B .—In the experiments described in this section, the 
quantity of acid employed was much, larger (up to 9 molecular 
proportions, not including the three formed during the reduction), 
and the iron as in A. The chloropicrin and the acid were both 
added gradually to the iron filings. The percentage of ammonium 
chloride is seen to have increased considerably. 


Experiment. 

1 . 

2. 

3. 

Chloropicrin, grams. 

... 25 

25 

50 

Iron, grams . 

.. 50 

50 

100 

"Water, c.c. 

... 100 

50 

100 

Hydrochloric acid, c.c. 

... 200 

150 

300 

Yield of dry hydrochloride, grains _ 

9 

6-5 

{15-0 

Theoretical weight, grains .. 

... 102 

10-2 

20-5 

Cl in crude hydrochloride . 

... 58'0 

60-9 

60-5 

Hence percentage NH 4 C1 .. 

... 40'0 

60-0 

60-0 


Section G .—In these experiments, the chloropicrin was gradu¬ 
ally added to a boiling alkaline ferrous sulphate solution. A con¬ 
siderable amount of ammonia was formed. 

Experiment. 1. —Chloropicrin, 25 grams; ferrous sulphate, 550 
grams; sodium hydroxide, 300 grams; water, 1800 c.c. 

Dry hydrochloride, 7 grams. Theory, 10'2. 

Analysis in samples of about 0*2 and 0*1 gram: Cl=56'0, 55*2. 
Mean = 55*6, whence NH 4 C1 = 22 per cent. 

Experiment 11 .—Quantities as in above. 

Dry hydrochloride, 9 grams. 

Analyses in samples of about 05 gram: Cl = 54'8, 54'8, 54‘6. 
Mean = 54‘7, whence KH 4 C1 = 15 per cent. 


Interaction of Methylamine and 1:2: A-Trinitrobensene . 

With 1:2:4-trinitrobenzene, the alcoholic solution of the base 
gave an almost immediate deposit consisting of yellow needles melt¬ 
ing at 175—176°, and at 176° after one crystallisation. The 
formation of 2:4-dinitromethylaniline (m. p. 176—177°) by this 
method does not seem to have been described. 


The University, 
Birmingham. 


[Received,"January 2Qth, 1919.] 
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XVIII .—The Alkaloids of Holarrhena congolensis, 
Stapf. 

By Prank Lee Pyman. 

Preee Just. Gillet, S.J., a missionary in the Belgian Congo, 
reported some years ago that, on chewing the leaves of Holarrhena 
congolensis, Stapf, a local ansesthetic effect was produced on the 
mucous membrane of the mouth. This led the author to examine 
the alkaloids of the plant in 1913, when a new base, termed 
holarrhenine , C 24 HS 3 ON 2 , was isolated, together with the alkaloid 
conessine, which has been obtained previously by several authors 
from other species of Holarrhena. The physiological action of 
conessine and holarrhenine was studied by J. H. Burn (J. 
Pharmacol., 1915, 6 , 305), who found that whilst they had a local 
ansesthetic action, this property was of no practical value, since 
they produced local necrosis when injected subcutaneously, 

Since it is improbable that the author will continue this investi¬ 
gation, it is desired to put on record the properties of holarrhenine 
and also the results of a few experiments on conessine carried out 
at that time. These are for the most part in agreement with the 
recent work of Giemsa and Halberkann (Arch. Pharm 1918, 256, 
201 ), and confirm the formula C 2 4 H 40 N 2 supported by these authors, 
not that.—C^H^Ng—put forward by Ulrici (Arch. Pharm., 1918, 
256, 57). Giemsa and Halberkann’s view, that conessine contains 
two dialkylamino-groups, is not shared by the present author, who 
found conessine to contain only three alkyl groups (no doubt methyl 
groups) attached to the nitrogen atom. Moreover, Polstorff and 
Schirmer (Per., 1886, 19, 84) showed that conessine dimetho- 
hydroxide yields, on heating, a crystalline base, together with 
“ammonia” (doubtless trimethylamine). It is therefore probable 
that conessine contains an iV-methyl group forming a link in a 
heterocyclic ring, to which a side-chain bearing a dimethylamino- 
group is attached. Holarrhenine resembles conessine in containing 
three iY-alkyl groups. It yields a monoacetyl derivative, 
C 2 C H 40 O 2 N 2 , which is diacidie, whence it follows that holarrhenine 
contains a hydroxyl group. 

Experimental, 

Isolation of the Alkaloids. 

Twenty-nine kilograms of the bark of the trunk of Holarrhena 
congolensis, Stapf, were percolated with very dilute hydrochloric 
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Section B .—In the experiments described in this section, the 
quantity of acid employed was much larger (up to 9 molecular 
proportions, not including the. three formed during the reduction), 
and the iron as in A. The ehloropicrin and the acid were both 
added gradually to the iron filings. The percentage of ammonium 
chloride is seen to have increased considerably. 


Experiment. 

Chloropicrin, grams. 

Iron, grams . 

Water, c.c. 

Hydrochloric acid, c.c. 

Yield of dry hydrochloride, grams 

Theoretical weight, grams . 

Cl in crude hydrochloride. 

Hence percentage NH 4 C1 . 


1. 

2. 

3. 

25 

25 

50 

50 

50 

100 

100 

50 

100 

200 

150 

300 

9 

6-5 

|16-0 

10*2 

10-2 

20-5 

58-0 

609 

60-5 

40-0 

60-0 

60-0 


Section G .—In these experiments, the chloropicrin was gradu¬ 
ally added to a boiling alkaline ferrous sulphate solution. A con¬ 
siderable amount of ammonia was formed. 

Experiment 1. —Chloropicrin, 25 grams; ferrous sulphate, 550 
grams; sodium hydroxide, 300 grams; water, 1800 c.c. 

Dry hydrochloride, 7 grams. Theory, 10*2. 

Analysis in samples of about 0*2 and 0T gram: Cl = 56 - 0, 55‘2. 
Mean=55 *6, whence NH 4 C1 = 22 per cent. 

Experiment II .—Quantities as in above. 

Dry hydrochloride, 9 grams. 

Analyses in samples of about 0‘5 gram: Cl=54'8, 54 - 8, 54*6. 
Mean = 54'7, whence NH 4 d = 15 per cent. 


Interaction of Methylamine and 1:2: i-Trinitrobenzene. 

?Yith 1:2:4-trinitrobenzene, the alcoholic solution of the base 
gave al’i almost immediate deposit consisting of yellow needles melt¬ 
ing at *175—176°, and at 176° after one crystallisation. The 
formation 1 of 2:4-dinitromethylaniline (m. p. 176—177°) by this 
method do es not seem to have been described. 

The TTniv; ebsitv, 

BravixoiHAM. 

A 

4 


[Received,"January20th, 1919.] 
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XVHI .—The Alkaloids of Holarrliena congolensis, 
Stapf. 

By Prank Lee Pyman. 

Freee Just. Gillet, S.J., a missionary in the Belgian Congo, 
reported some years ago that, on chewing the leaves of Holarrliena 
congolensis, Stapf, a local anaesthetic effect was produced on the 
mucous membrane of the mouth. This led the author to examine 
the alkaloids of the plant in 1913, when a new base, termed 
holarrhenine , C 24 H 38 ON 2 , was isolated, together with the alkaloid 
conessine, which has been obtained previously by several authors 
from other species of Holarrliena. The physiological action of 
conessine and holarrhenine was studied by J. H, Burn (J. 
Pharmacol., 1915, 6, 305), who found that whilst they had a local 
anaesthetic action, this property was of no practical value, since 
they produced local necrosis when injected subcutaneously. 

Since it is improbable that the author will continue this investi¬ 
gation, it is desired to put on record the properties of holarrhenine 
and also the results of a few experiments on conessine carried out 
at that time. These are for the most part in agreement with the 
recent work of Giemsa and Halberkann (Arch. Pharm., 1918, 256, 
201), and confirm the formula C 24 H 40 N 2 supported by these authors, 
not that—^ 23 ^ 38 ^ 2 —put forward by XJlrici (Arch. Pharm., 1918, 
256, 57). Giemsa and Halherkann’s view, that conessine contains 
two dialkylamino-groups, is not shared by the present author, who 
found conessine to contain only three alkyl groups (no doubt methyl 
groups) attached to the nitrogen atom. Moreover, Polstorff and 
Schirmer (Ber., 1886, 19, 84) showed that conessine dimetho- 
hydroxide yields, on heating, a crystalline base, together with 
“ammonia” (doubtless trimethylamine). It is therefore probable 
that conessine contains an iV-methyl group forming a link in a 
heterocyclic ring, to which a side-chain bearing a dimethylamino- 
group is attached. Holarrhenine resembles conessine in containing 
three if-alkyl groups. It yields a monoacetyl derivative, 
2 j which is diacidic, whence it follows that holarrhenine 
contains a hydroxyl group. 

Experimental. 

Isolation of the Alkaloids, 

Twenty-nine kilograms of the bark of the trunk of Holarrliena 
congolensis, Stapf, were percolated with very dilute hydrochloric 



164 PYMAN ; ALKALOIDS OF HOLAKEtHENA CONGOLENSIS. STAFF 


acid. The liquor was made alkaline with ammonia and extracted 
with chloroform. After distillation of the solvent, the dark, 
viscous residue was extracted first with light petroleum and then 
with ether. The light petroleum extract was shaken with dilute 
hydrochloric acid, the base regenerated --with sodium carbonate, and 
extracted with light petroleum. The extract was distilled, and the 
residue dissolved in a solution of 0*7 part of hydrated oxalic acid 
in 4 parts (by weight) of alcohol. On keeping, a colourless, crystal¬ 
line hydrogen oxalate (m. p, 249°) separated in a yield amounting 
to O'9 per cent, of the bark. The oxalate was dissolved in water, 
the base regenerated by sodium carbonate, and extracted with 
light petroleum. After distilling the extract, the residue was dis¬ 
solved in a little acetone and kept, when conessiue separated in 
colourless plates, amounting to O’25 per cent, of the bark. A 
further quantity was obtained by working up the mother liquor. 

The ethereal extract of the total alkaloids was extracted with 
dilute hydrochloric acid, and this was basified with ammonia and 
extracted first with light petroleum and then with ether. The 
light petroleum extract was worked up as before for conessine. 
The ethereal extract was concentrated and left for some time, when 
a small quantity of holarrhenine crystallised out. 

Conessine. 

The base employed in this investigation was purified by crystal¬ 
lisation from acetone, which is particularly suitable for the purpose, 
as Giemsa and Halberkann have remarked. The base is only 
sparingly soluble in cold acetone, but dissolves in boiling acetone 
to tbe extent of approximately 10 per cent. On cooling, it 
separates in large, colourless plates, which apparently contain 
acetone of crystallisation, for they effloresce quickly in the air, 
becoming free from solvent. The base melted at 125° (corr.). 

Found: C = 81’0, 80*7; H = ll*3, 11*4; N=7*9; Me(attached to 
N) = 12*5, 13-0. 

C 24 H 40 N 2 requires C = 80’S; H=ll*3; N = 7'9; Me(attached to N) = 
12’6 per cent. 

The molecular weight was determined by the cryoscopie method 
in benzene: 

0*2330 in 29*92 benzene gave At=— 0‘10S°. M.W. =361. 

0*4442 29*92 „ „ At = -0*213°. M.W. =349. 

C 24 H 40 N 2 requires M.W. =356*5. 

The specific rotatory power of the base was determined in chloro-* 
form solution : 

a r ,-0*28°; e = 7*268; 1 = 2 dcm.; [a] D —1-90°. 
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Tlie specific rotatory power of a specimen of the hyclrobromide 
(containing 2-4 per cent., of water) was determined in aqueous 
solution: 

£^ + 0-56°; e = 3‘858; 1 = 2 dem.; [a] D +7-4° for the anhydrous salt. 

Gonessine hydrogen oxalate forms prisms readily soluble in hot, 
but rather sparingly so in cold, water, and sparingly soluble in 
alcohol. It melts and decomposes at 280° (corr.), and is 
anhydrous. 

Found: 0 = 62-5; H = 8*l. 

CVjH, }0 iSro,2C 2 H 2 0 4 (536'5) requires 0 = 62*6; H = 8'3 per cent. 


Eolarrhenine, C^HggONo. 

The crude base was first purified by crystallisation from ethyl 
acetate, when it melted at 190°, and then converted into the hydro- 
bromide. This salt was crystallised from water and washed with 
acetone. It was then reconverted into the base, and this was 
recrystallised from ethyl acetate, when it separated in silky needles 
which melted at 197—198° (corr.). It suffers no loss at 100°. It 
is insoluble in water, readily soluble in alcohol or chloroform, but 
sparingly so in cold ethyl acetate, acetone, or ether. 

Found: 0=77*5, 77*6, 77’3; H = 10-2, 10-3, 10-7; N = 7*7; 

Me(attached to N) = ll-1, 12-2. 

C 21 H 88 ON 2 (370-4) requires C=77-8; H = 10'3; 2ST=7-6; 

Me(attached to 2sF) = 12‘2 per cent. 

The specific rotatory power was determined in chloroform 
solution: 

a D —0-75°; e=5-248; 1=2 dcm.; [a^-7-1 0 . 

The hydrobramide crystallises from water in flat needles, which 
melt at 265—268° (corr.) after drying. It is readily soluble in 
hot, somewhat sparingly so in cold, water. The air-dried salt con¬ 
tains 3H 2 Q (Found: H 2 O = 9*0. Calc.: H 2 0=9'2 per cent.). 

Found, in salt dried at 100°, C=54*4; H=8*2; Br=29-8. 

C^HggON^HBr (532*3) requires C=541; H = 7'6; Br=30-0 
per cent. 

The specific rotatory power was determined in aqueous solution: 

* «d + 1‘02°; c = 4-630; 1=2 dcm.; [a] D + lT0° or +12*1° for the 
anhydrous salt. 

A ce tylii alarrh e nine , prepared by the action of acetic anhydride 
and anhydrous sodium acetate on holarrhenine, crystallises from 
acetone in large, colourless, oblong plates which melt at 180° (corr.). 

VOL, OXV* I 
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It is insoluble in water, sparingly soluble in cold alcohol, acetone, 
or ether, but readily so in chloroform. 

Found: C = 75‘7; H=9‘9; N = 6'8. 

Equivalent to HC1, using methyl-orange=202. 

C 23 H 40 O.jN 2 (412-5) requires C = 75W; H = 9-8; N = 6‘8 per cent. 

The Wellcome Chemical Works. 

■ Darteord, Kent, [Received, February 4th, 1919.] 


XIX.— Meta-substituted Aromatic Selenium 
Compounds. 

By Frank Lee Pvman. 

At the suggestion of Dr. Charles Walker, of Glasgow, attempts 
were made, in 1913, to form the selenium analogue of arsanilic acid, 
namely, p-ammophenylselenio acid, NH 2 *C 6 H 4 *Se0 3 H, in order to 
determine its physiological action. Whilst aniline sulphate and 
arsenate readily yield sulphanilic acid and arsanilic acid, 
respectively, at an elevated temperature, no similar compound 
could be obtained from aniline selenate. It was found, however, 
that phenylselenious acid gave on nitration a nitrophenylsdemons 
acid , which is shown to be the meta-compound in the manner 
described below. On reducing this compound with sodium 
hydrogen sulphite, di-m-nitrophenyl diselenide resulted, and gave 
di-m-aminopltenyl diselenide on further reduction with sodium 
sulphide. Di-m-aminophenyl diselenide gave on acetylation di-m- 
acetylaminophenyl diselenide , from which m-acetylaminophenyl- 
selenious acid was obtained by oxidation with nitric acid. From 
this, the salts of m-acetylaminophenylselenic acid were obtained on 
oxidation with potassium permanganate, whilst on attempting to 
liberate the free acid, hydrolysis took place with the formation of 
m-aminophenylselenic acid: 

N0. 2 *C G H 4 *Se0oH -> (N0 3 *C 6 H 4 *Se) 2 —> (NH s -C c H 4 -Se) 2 —^ 

(NHAc* C c H 4 * Se).? NHAc-C 6 H 4 *SeO,,H ~> 

NHAc-C 6 H 4 -Se0 3 K -> NH 2 -C 6 H 4 *Se0 3 H. 

When these results were first communicated to the Society (P., 
1914, 30, 302), the orientation of the nitro-group in nitrophenyl- 
selenious acid had not been determined, and in the discussion on 
the paper, Dr. Tuck suggested that the constitution of this acid 
might be settled by preparing tbe three isomerides by the action 
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of the nitrobenzenediazonium chlorides on potassium selenocyanate 
and suitable after-treatment. This method had already been 
applied by Bauer (Ber., 1913, 46, 92) to the preparation of o-nitro- 
phenyl selenocyanate, and by Morgan and Elliot (P., 1914, SO, 
248) to the preparation of p-chlorophenyl selenocyanate and their 
derivatives. 

At the author's request, Mr. H. King has now kindly prepared 
m-nitrophenyl selenocyanate, from which he has obtained, on re¬ 
duction with tin and hydrochloric acid, di-m-aminophenyl 
diselenide, identical with the product resulting from the reduction 
of nitrophenylselenious acid, thereby proving the constitution of 
the compounds described above. 


Expbkimjsn ul. 

Phenylselenious Add, PhSe0 2 H. 

The preparation of this acid and its nitrate have been described 
by Stoecker and Krafft (Ber., 1906, 39, 2197). Diphenyl diselenide 
(1 part by weight) was dissolved in concentrated nitric acid (40 
parts by weight) and heated. On cooling, the well-crystallised 
nitrate of phenylselenious acid separated. In order to liberate 
the free acid, the nitrate was dissolved in ammonia and mixed 
with silver nitrate, when silver phenylselenite was precipitated, and 
gave the free add when decomposed, with the equivalent quantity 
of hydrochloric acid. 

Doughty (Amer. Ghem. J ., 1909, 41, 326) subsequently obtained 
this acid by the action of hydrochloric acid on phenylselenic acid 
resulting from the interaction of selenic acid and benzene. He 
was unable to confirm the previous author’s statement that the 
acid crystallised with 2H 2 0, finding it to be anhydrous. 

Eor the purpose of the present investigation, considerable quanti¬ 
ties of this acid were required, and a modification of Stoecker and 
Krafft’s process was adopted. Instead of employing pure diphenyl 
diselenide, the mixture of this substance with selenophenol, 
obtained by the action of selenium on magnesium phenyl bromide 
(Taboury, Bull. Soc . chim., 1903, [iii], 29, 761), was used. On 
treating this with 4 c.c.—instead of 30 c.c.—of nitric acid for each 
gram, phenylselenious acid nitrate was readily prepared in 
quantity. "When mixed with sufficient ammonia to neutralise the 
nitric acid, it gave free phenylselenious acid, which was found to 
be practically anhydrous, in agreement with Doughty’s observation. 

To a solution of magnesium phenyl bromide in dry ether, pre¬ 
pared from 24 grams of magnesium and 157 grams of bromo- 

12 
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benzene, 79 grams of selenium 'were added gradually, and the mix¬ 
ture was boiled for half an hour. The product was decomposed 
with ice and dilute hydrochloric acid, well shaken, and the ethereal 
layer removed, the aqueous layer being extracted with ether twice 
again. The ethereal extracts were combined, dried with calcium 
chloride, and the solvent was removed on the water-bath. The 
resulting oil (about 130 grams) was then allowed to flow drop by 
drop into concentrated nitric acid (D 1*4), of which 4 c.c. were 
employed for each gram of the oil. The nitric acid solution was 
then digested for an hour on the water-bath and kept, when crude 
phenylselenious acid nitrate separated in hard crystals. This was 
collected on asbestos, dissolved in water, and the solution filtered 
from insoluble matter. The solution was then extracted with ether 
to remove further impurities, and evaporated to a syrup. On 
cooling, this set to a chalky mass of the nearly pure nitrate, which, 
after thorough drying in the air, amounted to about 110 grams. 
The yield is thus 44 per cent, of the theoretical. 

Tor the preparation of the free acid, 10 grams of the nitrate 
were dissolved in 20 c.c. of water, and 6 c.c. of 10 per cent, 
aqueous ammonium hydroxide added. On stirring, phenylselenious 
acid separated in sandy, yellow grains, which were purified by 
crystallisation from water. 6*5 Grams of the pure acid were 
isolated without carrying out the separation to an end, whilst 
7*6 grams are required theoretically. Phenylselenious acid, pre¬ 
pared in this way, melted at 124—125° (con*.) after drying at 100°. 
The air-dried acid was practically, anhydrous. (Found, loss at 
100° = 0*4; C = 37*6; H = 3*3. C 0 H 5 -SeO 2 H requires C=38’0; 
H = 3*2 per cent.) 

Sodium phenyl selenite crystallises from water in colourless plates 
containing 2H 2 0, It is readily soluble in water. 

Found, loss at 100°, 14*6. 

C G H 5 *Se0 2 Na,2H 2 0 (247*2) requires H 2 0 = 14*6 per cent. 

Found, in anhydrous salt, Se = 37*9, 37*5.* 

C 6 H 5 *Se0 2 Na requires Se = 37*5 per cent. 


Salts of Phenylsdenic Acid. 

Stoecker and Krafft (Joe. cit.) prepared phenylselenic acid by 
the oxidation of diphenyl diselenide with moist chlorine, Doughty 
by the method given above (Joe. cit.). The potassium salt can be 
obtained conveniently by oxidising phenylselenious acid with 

* For the estimation of selenium in the compounds described in this paper 
Freriehs’s method (Arch. Pharm., 1903, 240 , 658) was employed. 
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potassium permanganate, removing manganese dioxide, and 
evaporating to low bulk, when it crystallises from the solution. 

Potassium phenylselenate forms colourless, prismatic needles 
"which, after being dried in the air, sinter from about 50° and melt 
from 65° to 90° in the water of crystallisation. It is readily soluble 
in cold, and very readily so in hot, water. 

Found, loss in a vacuum over H 2 SO.. and then at 100°, 12‘7. 

C G H 5 *Se0 3 K,2H 2 0 (279’4) requires H 2 0 = 12'9 per cent. 

Found, in anhydrous salt, Se=32-2. 

C c H 5 *Se0 3 K requires Se = 32-6 per cent. 

Sodium phenylselenate was prepared from the barium salt, which 
has been described by Doughty (loc. cit.), by double decomposition 
with sodium sulphate. It crystallises from water in long, clear, 
oblong plates which contain 3H 2 0, and is readily soluble in cold, 
very readily so in hot water. 

Found, in air-dried salt: loss at 120° = 24*2; Se=26'5. 
G c H 5 -Se0 3 Na,4H 2 0 (299‘2) requires H 2 0 = 24-l; Se=26‘5 per cent. 


m-Nitrophenylselemous Acid, NO^CgHpSeCbH. ■ 

Phenylselenious acid did not yield a nitro-derivative when treated 
with a mixture of sulphuric and nitric acids at 100°. When 
subjected to the action of a large excess of fuming nitric acid at 
150° for one hour, it gave a 20 per cent, yield of m-nitrophenyl- 
selenious acid. The best method for the preparation of this acid, 
however, was found in the action of nascent nitric acid generated 
from potassium nitrate. 

Thirty grams of phenylselenious acid nitrate were dissolved in 
30 c.c. of sulphuric acid, and the solution was cooled with running 
water. Twelve grams of finely powdered potassium nitrate were 
then stirred into the solution, which was similarly cooled. The 
mixture was heated for two hours in the steam-bath, and poured 
into 600 c.c, of water. After keeping for several hours, the 
separated crystals were collected. They amounted to 1'7‘4 to 18-7 
grams of an almost pure product melting at 155° or slightly lower, 

xa-Nitrophenylselenious acid crystallises from water in yellow, 
prismatic needles, which melt at 156—157° (eorr.) after drying at 
100°. It is fairly readily soluble in boiling water, sparingly so in 
cold, 

Found, loss at 100°=0'4; in dried substance, C=3Q*8; H = 2 - <5, 
C 6 H 5 0 4 NSe (234 - 2) requires C=30‘8* H=2'2 per cent. 
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m-Nitro'pheriylselenic A. cid, 1ST0 2 *C (; H 4 -SeO s H. 

Thirty-five grams of m-nitrophenylselenious acid were dissolved 
in 600 c.c. of boiling water to which. 20 c.c. of 10 per cent, aqueous 
potassium hydroxide had been added, and mixed with a solution 
of 16 grams of potassium permanganate in 200 c.c. of hot water. 
Further small quantities of permanganate were then added until 
the red colour no long-er quickly vanished. The manganese dioxide 
was removed by filtration, and the solution evaporated to low bulk 
and cooled, when potassium m-nitrophenylselenate crystallised out. 
After purification by recrystallisation from water, 34 grams were 
obtained. 

Potassium m-nitropJiem/lselenate forms hard, yellow rosettes of 
flat needles. It is anhydrous, and is readily soluble in hot. but 
somewhat sparingly so in cold, water. It explodes violently at 
about 330° (corr.). 

Found: Se=27*l. 

C 0 H 4 O f) NKSe (288*3) requires Se = 27*5 per cent. 

Barium m-nitrophenyhelenatp. was prepared from the potassium 
salt by double decomposition with the calculated quantity of 
barium chloride. It forms colourless leaflets which are fairly 
readily soluble in hot, but sparingly so in cold, water. It contains 
2H 2 0, which are lost at 120°, but not at 110°. 

Found, in air-dried salt, loss at 120° = 5*6. Ba = 20*2. * 

C 12 H s O I0 N 2 BaSe 2 ,2H 2 O (671*9) requires H 2 0=5'4; Ba = 20*5 
per cent. 

m-Nitroplienylselenic acid was prepared from the barium salt 
by the addition of the calculated quantity of sulphuric acid, 
removal of barium sulphate, and evaporation to a syrup, when it 
crystallised, on keeping, in colourless plates containing 2H 2 0. The 
air-dried acid melts below 100°, but after drying first in a vacuum, 
over sulphuric acid, then at 100°, it is rendered anhydrous and 
then melts at 146° (corr.). 

Found, loss at 100° = 12*8. 

C fi H 5 0 5 NSe, 2 H 2 0 (286*3) requires H 2 0 = 12*7 per cent. 

0*2379, dried at 100°, required 18*95 c.c. of Nj 20-NaOH for 
neutralisation, whence equivalent=251. 

C G H 5 0 5 hTSe requires M.W. = 250*3. 


Pi-m-nitrophenyl Diselenide, (NOo*C c H 4 *Se) 2 . 

Twenty-four grams of m-nitrophenylselenious acid were dissolved 
in 250 c.c. of boiling water, and a saturated solution of sodium 



AROMATIC SELENIUM: COMPOUNDS. 


171 


hydrogen sulphite was added so long as a turbidity was produced. 
After cooling and stirring, the oil which had separated became 
crystalline, and was collected and washed with water. The 
theoretical yield—20‘5 grams—was obtained, and the product 
melted at 79°. After crystallisation from ether, this compound 
formed yellow spears which melted at 83° (corr.). 

Found: C = 35‘6; H = 2'2. 

C P H s O,ilSr 2 Se. 2 (402*5) requires C = 35'83 H = 2'0 per cent. 

It is insoluble in water, moderately readily soluble in cold alcohol 
or ether, fairly readily so in hot alcohol, and easily so in hot ether. 


Di-m-aminophenyl Diselenide, (NH 2 *C c H 4 *Se) 2 . 

Fifty grams of di-m-nitrophenyl diselenide were added to a solu¬ 
tion of 300 grams of commercial hydrated sodium sulphide in 
500 c.c. of 10 per cent, aqueous sodium hydroxide previously 
heated to about 60°, and the mixture was boiled for one hour 
under a reflux condenser. One litre of boiling water was then 
added, and an excess of concentrated hydrochloric acid. After 
digestion for two hours on the steam-bath, the separated sulphur 
was removed by filtration. The filtrate was cooled, basified with 
sodium carbonate, and extracted with ether. The ethereal solu¬ 
tion was dried with anhydrous potassium carbonate and distilled. 
The residue was mixed with an excess of 10 per cent, hydrochloric 
acid, when 39 "7 grams of di-m-aminophenyl diselenide dihydro¬ 
chloride separated in sandy crystals. 

Di-m-aminophenyl diselenide dihydrochloride crystallises from 
dilute hydrochloric acid in yellow grains formed of small needles. 
It melts and decomposes at 291—292° (corr.). It is readily soluble 
in hot, but sparingly so in cold, dilute hydrochloric acid. 

Found, loss at 100° = 1*1; in dried salt, C = 35’3; H = 3*5; 

Se = 37-5 3 *CI = 16-8. 

C 13 H 12 N 2 Se 2 ,2HCl (415-4) requires C = 347; H = 3*4 ;■ Se = 38-1; 

Cl == 17*1 per cent. 


Di-m-aceiylaminapkenyl Diselenide, (CH 3 *CO'NH>C 6 H 4 *Se) 2 . 

25-2 Grams of di-m-aminophenyl diselenide dihydrochloride were 
converted into the base, and this was treated with 25 c.c. of acetic 
anhydride. The clear liquid quickly began to crystallise, and soon 
set to a yellow, chalky mass, which was washed well with ether and 
dried in the air. 19-6 Grams of di-m-aeetylaminophenyl diselenide 
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melting at 180° were thus obtained, the yield amounting to 76 per 
cent, of the theoretical. 

For the preparation of this substance, the previous isolation of 
di-m-aminophenyl cliselenide as the dihydrochloride is unnecessary; 
thus 91 grains of di-m-nitrophenyl diselenide were reduced by the 
method given previously, and the ethereal residue of crude di-m- 
aminophenyl diselenide was mixed with 50 c.c. of acetic anhydride 
and treated as above. The resulting di-m-acetylaminophenyl 
diselenide melted at 179° and amounted to 76 grams, that is, 79 per 
cent, of the theoretical. 

Di-m-acetylaminophenyl diselenide crystallises from glacial acetic 
acid in rosettes of short, yellow needles which melt at 185—186° 
(corr.). It is anhydrous, and is insoluble in hot or cold water, 
almost insoluble in hot or cold ether, readily soluble in hot alcohol 
or glacial acetic acid, but sparingly so in these solvents when cold. 

Found: C=45*0; H=4*0. 

C lc H ]0 Q 2 N 2 Se.> (426*6) requires C=45'0; H = 3*8 per cent. 


Formation■ of Di-m-aminophenyl Diselenide hy the Reduction of 
m -Nitrophenyl Selen ocyanate. 

m-FTitroaniline (6-9 grams) was diazotised in dilute hydrochloric 
acid solution at 0°, and,,after filtering from 1 gram of diazoamino- 
compound, the acidity of the solution to Congo paper was removed 
hy the addition of 10 .grams of sodium acetate crystals. Potassium 
selenocyanate (7*2 grams) dissolved in a little water was added 
slowly with stirring. There was a brisk evolution of nitrogen 
accompanied by the separation of a red oil. On washing with 
water, the latter gradually solidified, and was dissolved in ether 
to free it from selenium powder (0*6 gram). The ethereal solution 
was concentrated, again filtered from a small quantity of a viscous 
red oil, and finally evaporated to a syrup, which crystallised on 
stirring. The product consisted of transparent crystals embedded 
in a small quantity of a deep red gum. The yield of crude 
m-nitrophenyl selenocyanate was 7*2 grams, or 73 per cent, of 
theory. 

The crude product (3*4 grams) was dissolved in hot alcohol 
(50 c.c.) and reduced by boiling for one hour with tin (3*5 grams) 
and hydrochloric acid (45 e.c.; 32 per cent.). On concentration 
under diminished pressure, the hot solution deposited an orange- 
yellow, granular, crystalline stannichloride (5*8 grams). 

One gram of the stannichloride was dissolved in water, and the 
tin removed as sulphide'. The solution, on concentration, gave two 
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successive separations of crystalline di-m-aminoplienyl diselenide 
dihydrochloride, 0 - 2 gram and 0'25 gram, each melting at 
278—280° (uncorr.). (Found: Cl=17*0. Calc.: C1 = 17*1 per 
cent.) Di-ra-aminophenyl diselenide dihydrochloride, obtained by 
the reduction of di-m-nitrophenyl diselenide, melted at the same 
temperature as did a mixture of the two. Moreover, both form a 
sparingly soluble, primrose-yellow stannoehloride crystallising in 
microscopic needles, and a stannichloride which tends to separate 
as an oil from cold solutions, but in granular crystals from hot 
solutions. 

Acetylation of the di-wz-aminophenyl diselenide, prepared from 
m-nitrophenyl selenoeyanate, gave di-wz-acetylaminophenyl di¬ 
selenide in short needles which melted at 183—185° (uncorr.), the 
acetyl derivative of the reduction product of di-wi-nitrophenyl 
diselenide melting at the same temperature, whilst a mixture of 
the two showed no depression of the melting point. 


m-d eetylaminophenylseleirious Acid , CH S * CO• N H• C G H 4 * SeOoH, 

Ten grams of di-m-aeetylaminophenyl diselenide were added with 
stirring in quantities of about 1 gram to 40 c.c. of nitric acid 
(D T4) kept at —6° to —3°. At first, the diselenide dissolved, 
giving a clear solution, but the separation of white crystals soon 
commenced, and increased on the further addition of this substance. 
The crystals were collected on asbestos, washed with concentrated 
nitric acid, and drained on porous porcelain. This substance 
melted at 146°, and was the nitrate of m-acetylaminopheuylseleniaus 
acid. After grinding it with water, filtering, and washing with 
water, crude w-acetylaminophenylselenious acid, melting at 201°, 
remained undissolved. The product at this stage still contained 
nitric acid, and a portion, oh boiling with water with the view of 
recrystallising it, readily oxidised. The whole was therefore dis¬ 
solved in an excess of hot dilute ammonia (200 c.c.), treated with 
animal charcoal, filtered, and acidified with glacial acetic acid. On 
keeping, m-acetylamiuophenylselenious acid ci*ystallised in fine, 
colourless needles, which were collected, washed well with water, 
and dried in the air. The yield amounted to 8*5 grams of the pure 
acid. 

m-Acetylaminophenylselcmous acid . crystallises from boiling 
water in short, slender, colourless needles, which begin to turn 
brown at about 200° and melt and decompose at 209° (corr.). It 
is sparingly soluble in hot, very sparingly so in cold, water. 

Found: C = 39-S, 39-5; H=3-7, 3-8. 

0 g Hg0 3 NSe (246*3) requires C—39‘0; H = 3*7 per cent. 

I* 
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Sodium m-acetylaminophenylselemte crystallises from water in 
microscopic needles. After drying in the air, this salt contains 
7H 2 0, of which 4 are lost at 100° and the remainder at 120°. It 
is fairly readily soluble in cold and easily so in hot water. 

Found: loss at 100°=18'2 ; loss at 120° = 32'2. 
C s H 8 0 3 NNaSe,7H 2 0 (394‘4) requires 4H,0 = 18*3; 7H 2 O = 32-0 
per cent. 


Salts of m-Acetylammophenylselcnic Acid, 
0H 3 *C0*NH*C 6 H 4 *Se0 3 H. 

Fifty-five grams of ?n.-acetylaminophenylselenious acid were dis¬ 
solved in 70 c.c. of 10 per cent, ammonia and a litre of hot water, 
and mixed with a hot aqueous solution of 26 grams of potassium 
permanganate. After digestion for a few minutes on the water- 
bath, the slight excess of permangamate was reduced by means of 
alcohol. The solution was boiled, filtered from manganese hydr¬ 
oxide, and 28'5 grams of barium nitrate were dissolved in it. On 
evaporating to a small volume and keeping, barium wt-acetylamino- 
phenylselenate crystallised out. After recrystallisation from water, 
48 grams of the pure salt were obtained. A considerable further 
quantity was subsequently isolated from the mother liquors. 

Barium ra-acetylaminophenylselenate crystallises from water in 
hard, colourless, flat needles containing 4H 2 0. It is fairly readily 
soluble in cold, very readily so in hot, water. 

Found: loss at 120° = 10*1. 

C 16 H 16 0 s N 2 BaSe 2 ,4H 2 0 (732*0) requires H 2 0 = 9*8 per cent. 

Found, in dried salt, Ba = 20*8. 

C 16 H 1G 0 8 N 2 BaSe 2 requires Ba = 20*8 per cent. 

Sodium m-aeetylaminophenylselenate was prepared from the 
barium salt by double decomposition with sodium sulphate. It 
crystallises from water in colourless, woolly needles, and from 
alcohol in prismatic needles, in both cases without solvent of 
crystallisation. It is very readily soluble in water, sparingly so in 
cold alcohol, but fairly readily so in hot alcohol. 

Found: Se = 27*9, 

CgHgC^NNaSe (284*2) requires Se=27*9 per cent. 


m-Aminojyhenylselemc Acid, NH 2 ‘C 6 H 4 ‘Se0 3 H. 

Forty-five grams of barium m-acetylaminophenylselenate were 
dissolved in 500 c.c. of c boiling water, and sufficient sulphuric acid 
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was added exactly to remove the barium. The solution was then 
boiled, filtered from barium sulphate, and evaporated to a small 
volume under diminished pressure, when 13 grams of m-amino- 
phenylselenic acid crystallised from the solution. 

m-Aminophenylselervic acid crystallises from water in colourless 
needles which contain 2H 2 0, and, after drying at 100°, melts and 
decomposes at 229° (corr.). It is readily soluble in hot, sparingly 
so in cold, water. 

Found, in air-dried substance, loss at 100° — 11*4. 

C 6 H 7 0 3 NSe,HH 2 0 requires H 2 O = 10*9 per cent. 

Found, in dried substance, C = 32*7; H = 33. 

C 6 H 7 0 3 NSe (220’3) requires C = 32’7; H = 3‘2 per cent. 

Sodium m-aminophenylselenate crystallises from water in plates, 
which are readily soluble in cold water. 

Found, in air-dried salt, loss at 120°=19*9. 

C 0 H 6 O 3 NNaSe,3AH 2 O requires H 3 O = 20*6 per cent. 

Found, in dried salt, Se=33'0. 

CflHgOglSnSfaSe (242‘2) requires Se = 32-7 per cent. 

The Wellcome Chemical Works, 

Darctord, Kent. [Received, February 4th, 1919.] 


XX .—The n-Butylarylamines. Part III. Constitu¬ 
tion of the Nitro-derivatives of n-JButyl--p-toluidine. 

By Joseph Reilly and Wilfred John Hickinbottom, 

In Part II. of this series (T., 1918, 113, 985), the preparation of 
2- and 3-nitro-»-butyl-p-toluidines was described, and in the pre¬ 
sent paper an account is given of the products of reduction of these 
nitro-compounds, the study of which has shown that the constitu¬ 
tions previously assigned to them are correct. 

The 3-nitro-derivative, on reduction, furnishes 3 •A-tolylene-i-'N- 
n-hutyldiamine (I), which is a readily oxidisable oil, and the corre¬ 
sponding 3-nitroacetyl derivative gives 2: 5-dimethylr-l-n-huiijl- 
benziminazole (II), which is also obtained by the action of heat on 
4-acetyl-?,: 4-tolyleneAAA-ri-butyldiamine (III). 
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The constitution of 3:o-dinitiu-u-butyl-p-toluidine is proved by 
the fact that on hydrolysis with sodium hydroxide it yields n-butyl- 
amine and 3:5-dinitro-p-cresoI. 

By the action of acids or direct sunlight on 3 :5 -dinitro-p-toly I- 
n-butyl-nitro- or -nitroso-amine, the dinitro-amine is regenerated, 
and the nitroamine is similarly decomposed on boiling it with ethyl 
or w-butyl alcohols. When the nitroamine is hydrolysed by 
sulphuric acid or sodium hydroxide, nitrous acid is formed. 


Experimental. 


2: A-Tolyletie-i-’N-n-butyldiamine, 



2-Nitro-w-butybp-toluidiue (3 grains) was mixed with 10 c.c. of 
concentrated hydrochloric acid and 40 c.c. of water, and zinc dust 
(4 grams) gradually added. Excess of zinc was removed from the 
colourless solution, and the amine was isolated by the addition of 
sodium hydroxide solution, followed by extraction with ether. It 
formed a pale brown powder, which was purified by solution in dry 
ether and precipitation with light petroleum. A white, floccu- 
lent mass was obtained which, on drying, could easily be powdered. 
By spontaneous evaporation of the ethereal solution, it was obtained 
in colourless needles melting at 53°: 

0'09o6 gave 12*9 c.c. bT 3 at 19-2° and 750 nun. N=15‘56.' K ' 

C U H 18 N 2 requires N = 15‘72 per cent. 

2: k-Tolylene-k-liS-n-biityldiamme is soluble in most of the 
common organic solvents, sparingly so in water, and very sparingly 
so in light petroleum. With ferric chloride solution, it gives a 
very faint brown coloration, which, however, is not very character¬ 
istic. It gives no characteristic colour with nitrous acid or 
potassium ferrocyanide. The hydrochloride is very readily soluble 
in water. 

4 -Acetyl Derivative .—Tin foil was added to 2-nitroaceto-u-biityl- 
p-toluidide (1 mol.) suspended in concentrated hydrochloric acid 
(6 mols.) until reduction was complete. The solution was filtered, 
diluted with water, and the tin removed by means of hydrogen 
sulphide. The filtrate was rendered alkaline and the amine 
isolated, as a brown oil, by extraction with ether. It solidified to 
a mass of brown crystals, which on crystallisation from a mixture 

* In the nitrogen estimations recorded in this paper, the gas was collected 
over 40 per cent, potassium hydroxide solution. A correction has been 
introduced for the vapour tension of the potassium hydroxide solution. 
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of ether and light petroleum was obtained in white crystals melt¬ 
ing at 98—99° : 

0*0723 .gave 81 c.c. N 2 at 20° and 749 mm. N = 12*87. 

C 13 H 20 ON 2 requires N = 12*72 per cent. 

The compound dissolves in ether and many of the other organic 
solvents, but is insoluble in light petroleum. The diazo-compoimd 
gives with /3-naphthol a brownish-red azo-dye, which dissolves in 
sulphuric acid with the development of a deep purple-red colora¬ 
tion, changing to pale brown on dilution. The picrate of the base 
crystallises from alcohol in groups of yellow needles melting at 
185°. 


3: A-Tolylene-i-'N-n-butyldiamine. 

The reduction of 3-nitro-n-butyl-p-toluidine in the way described 
for the 2-nitro-compound, yields the corresponding diamine as an 
oil, which is white when first precipitated, but rapidly acquires a 
deep blue colour and ultimately becomes almost black: 

0-1211 gave 16-2 c.c. N 2 at 22° and 764 mm. N = 15-57. 

C n H ls N 2 requires N = 15*72 per cent. 

The compound is readily miscible with most of the ordinary 
organic solvents. The hydrochloride was obtained by passing a 
stream of dry hydrogen chloride into a solution of the base in dry 
xylene. The bulk of the xylene was decanted, and the rest 
removed by washing with light petroleum. After being dried at 
100°, the salt formed a white powder. It is extremely deliquescent 
and very readily soluble in water: 

0*0552 gave 0*0625 AgCl. Cl=28*0. 

C n H 18 N s ,2HCl requires Cl = 28*2 per cent. 

The aqueous solution is very readily oxidised. One drop of 
ferric chloride solution produces an intense blood-red or deep brown 
colour. A dilute solution of chromic acid or a very dilute neutral 
solution of potassium dichromate produces a brownish-black or 
black solution, depending on the concentration of the oxidising 
agent. An aqueous solution of bleaching powder yields a deep 
blue solution. Nitrous acid in dilute solution gives a dirty purple 
coloration, whilst concentrated nitric acid also gives a purple 
coloration. 

The 3: Ardiacetyl derivative waB prepared by warming the base 
with acetic anhydride. A dark-coloured oil was obtained,'which 
slowly solidified to a mass of dark brown crystals. By repeated 
crystallisation from a mixture of light petroleum and acetone, or 
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from hot dilute aqueous alcohol, it was obtained in white crystals 
melting at 130°: . 

0-0754 gave 7T c.c. N a at 25° and 748 mm. 3ST = 10-62. 

C 15 H 22 OoNo requires N = 10 - 69 per cent. 

The compound is moderately soluble in hot, but sparingly so in 
cold water. 


i-Acetyl-Z : A-tolylene-A-’H-n-butyldiamine (III). 

3-Nitroaceto-?i-butyl-23-toluidide (4 grams) was dissolved in 
50 c.c. of aqueous alcohol (70 per cent.) containing iron filings 
(10 grams), and to the mixture, warmed to 30°, glacial acetic acid 
was slowly added, the temperature being kept at 30°. After an 
hour, the mixture was heated on the water-bath, the unchanged 
iron removed by filtration, washed with warm dilute acetic acid, 
and the filtrate rendered alkaline and heated at 80° for several 
hours. The base was extracted with ether and purified by re¬ 
crystallisation from a mixture of equal parts of dry ether and 
light petroleum, when it was obtained in short, colourless needles 
melting at 102°: 

0-0702 gave 8*0 c.c. N, at 21° and 738 mm. N=12*85. 

C 13 H 20 ON 2 requires N = 12*72 per cent. 

The compound is readily soluble in alcohol, ether, benzene, or 
carbon tetrachloride, but very sparingly so in light petroleum. 
The diazo-compound gives a red azo-dye with /3-naphthol. On 
heating the base in a flask fitted with a short air condenser at 
200° in an oil-bath, globules of water were observed in the con¬ 
denser. After heating for four to five hours, the dark, viscous 
residue was distilled over a free flame, when a pale yellow oil was 
obtained which did not solidify at 0°, and was not a primary amine. 
From its method of formation, it is probably 2: 5-dimethyl-l-n- 
butylbensiminasole (II). The same compound was produced by 
the vigorous reduction of 3-nitroaceto-n-butyl-p-toluidide in acid 
solution. 

The nitro-compound (5 grams) was dissolved in a mixture of 
glacial acetic acid (25 grams), concentrated hydrochloric acid 
(10 grams), and water (15 c.c.). Zinc dust (20 grams) was added, 
and the solution became very warm. After the reaction.'had 
moderated and more zinc dust had been added, the solution was 
heated on the sand-bath for one or two hours. After removal of 
the excess of zinc, the solution was rendered alkaline with potassium 
hydroxide solution, and the precipitated oil extracted with ether. 
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On distillation, it was obtained as a very viscons, pale yellow oil 
boiling at 335—338°: 

0-0746 gave 0-2115 C0 2 and 0‘0606 H 2 0. C=77-34; H = 9‘09. 

0-0794 „ 9-9 c.c. N 2 *at 23-1° and 736 mm. N = 13-92. 

C 13 H 18 N 2 requires C=77-18; H = 8-97; N = 13-85 per cent. 

2:5-Dimethyl-l-re-butylbenziminazole is miscible with, ether or 
alcohol. When exposed in an open dish to a moist atmosphere, it 
readily absorbs water and oxygen, gradually becoming dax-ter. By 
the action of an aqueous-alcoholic solution of picric acid on the 
alcoholic solution of the anhydro-base, the jricrate was precipitated ; 
this crystallised from acetone in short, yellow needles or prisms 
melting at 209°: 

0-0756 gave 10'7 c.c. N 2 at 21° and 749 mm. N = 16"20. 

C i3 H 1s N 2j C c H 3 0 7 N s requires N = 16-24 per cent. 

It is practically insoluble in water, ether, or alcohol. 


Action of Alkalis on 3: b-Dinitro-n-hutyl-'p-toluidine. 

The dinitro-compound (1 gram) was heated under reflux with a 
solution of 5 grams of potassium hydroxide in 40 c.c. of water for 
six to eight hours. The colour of the solution changed rapidly 
through brownish-red to very dark red or almost black. On dis¬ 
tillation into dilute hydrochloric acid, ra-butylamine hydrochloride 
was obtained. The alkaline residue in the flask, after being cooled 
and filtered, was acidified with dilute sulphuric acid, and from the 
ethereal extract a solid crystallising in yellow needles (m. p. 82°) 
was obtained, which proved to be 3 :5-dxnitro-p-cresol. 


Actio-n of Acids on 3: 5-Dinitro-'p-toh/l-ii-but]/l-niiroanime and 
-nitrosoamine. 

3:5-Dinitro-p-tolyl-«-butylnitroamine (0"5 gram) was dissolved 
in 2 c.c. of concentrated sulphuric acid (97 per cent,), the solution 
being kept cool by immersion in ice-cold water. The nitroamine 
dissolved slowly with the production of a deep reddish-purple 
colour, which changed .finally to yellow. After half an hour, the 
mixture was poured on ice, when a yellow solid was obtained, 
which proved to be the corresponding nitrosoamine. Nitrous acid 
was also found to be present. In another experiment, 50 c.c. of 
slightly warmed sulphuric acid (90 per cent.) were added to the 
nitroamine (0*5 gram). There was a faint odour of nitrous acid, 
and the colour changes were the same as those described above. 
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After remaining for twenty days, exposed for part of the time to 
sunlight, the colour had changed to deep red. On pouring into 
water and extracting with ether, 3:5-dinitro-«d)utyl-p-toluidine 
was obtained as the chief product. Further, the nitroamine (0'5 
gram.) was heated under reflux with a mixture of concentrated 
hydrochloric acid (20 c.c.) and n-butyl alcohol (50 c.c.) for eight 
hours. The colour of the mixture gradually became darker until 
it was finally a deep red. After removal of the alcohol, a red sub¬ 
stance melting indefinitely at 65—80° was obtained. The melting 
point was raised to 86—88° by treatment with amyl nitrite in the 
presence of hydrochloric acid, the colour also becoming considerably 
paler. 

On warming the nitroamine with an aqueous solution of per¬ 
chloric acid and allowing the mixture to remain for twelve hours, 
a slight darkening occurred. The action of glacial phosphoric acid 
in the cold produced practically no colour change after a week. 

3:5-Dinitro-p-tolyl-w-butylnitrosoamine, by the action of hydro¬ 
chloric acid containing some aniline hydrochloride, yields the corre¬ 
sponding amine in almost quantitative yield and in a pure condi¬ 
tion (compare Pinnow, Ber., 1897, 3D, 838). The nitrosoamine 
(2’4 grams) was heated under reflux for eight hours with alcoholic 
hydrogen chloride (50 c.c.) containing aniline hydrochloride 
(1 gram). On evaporating the alcohol, 2‘1 grams of 3:5-dinitro- 
w-butyl-p-toluidine, identified by the mixed melting-point method, 
were obtained. When the aniline hydrochloride was omitted, the 
reaction followed a similar course, but required a longer time for 
completion. 


Action of Alkalis on 3: h-Dinitro-’p-tolyl-n-butyl-nitroamine and 
-nitrosoamine. 

Alcoholic potassium hydroxide reacts with alcoholic solutions of 
the nitroamine and nitrosoamine with the production of a dark 
purple colour, which gradually deepens in intensity. In aqueous 
solution, the reaction takes place much more slowly, 3:5-Dinitro- 
p-tolyl-re-butylnitroamine (1 mol.) was heated under reflux with a 
large excess of a 10 per cent, aqueous solution of sodium hydroxide 
(15 mols.). The nitroamine was slowly attacked, yielding a purple 
solution which gradually became almost black, when the reaction 
was considered to be complete. On distillation, n-butylamine was 
obtained. The alkaline residue in the flask, which contained 
sodium nitrite, was diluted, and, after filtering, rendered acid in 
the presence of carbamide to remove nitrous acid. On extraction 
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with ether, a pale brown oil was obtained, which solidified to a 
yellow, crystalline solid. After several crystallisations from 
aqueous alcohol, this melted at 82°, and was shown to be 3:5-di- 
nitro-p-cresol. 

When either the nitroamine or the nitrosoamine was heated 
with two or three times its weight of phenol at 180°, and the pro¬ 
duct treated with very dilute ice-cold sodium hydroxide solution, 
followed by extraction with ether, 3:5-dinitro-72-butyl-p-toluidme 
was obtained in good yield, and the same result was obtained by 
heating the nitroamine or nitrosoamine with a large excess of 
w-butyl alcohol or ethyl alcohol for several hours in diffused light. 

Both the nitroamine and nitrosoamine were finely powdered and 
exposed in glass and quartz vessels to direct sunlight. After one 
hour, the nitrosoamine had deepened considerably in colour, and 
the melting point was depressed. The nitroamine, on the other 
hand, changed colour only slowly, but there was sufficient action 
in both cases after one month’s exposure to detect the presence of 
3:5-dihitro-«-butyl~^-taluidine. In some of the reactions where 
the decomposition was not complete, the melting point alone was 
not a sufficient guide to determine the composition of the product. 
The eolour affords an indication of the production of the parent 
amine, and this was confirmed by the evidence obtained by the 
action of amyl nitrite and of nitric acid. In the decomposition of 
the nitrosoamine or of the nitroamine, the production of the parent 
amine was assumed to have occurred when the action of amyl 
nitrite or nitrous acid in the presence of hydrochloric acid or acetic 
acid effected a considerable loss of colour, and when the melting 
point was altered. The action of fuming nitric acid in giving a 
product identical with the original nitroamine showed that the 
butyl group had not been removed and that only the liitroso-group 
linked to the aminie nitrogen atom had been affected. 

[Received, January Itith. 1919.] 
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XXL —Studies in Catalysis. Part X. The Applicability 
of the Radiation Hypothesis to Heterogeneous 
Reactions. 

By William Cudmore McCullagh Lewis. 

In the previous papers of this series, the radiation hypothesis has 
been applied exclusively to reactions in homogeneous systems. A 
mode of applying the hypothesis to reactions in heterogeneous 
systems, including heterogeneous catalysis, having suggested itself 
to the author more than two years ago, it may not be out of place 
to indicate it briefly here. 

In attempting to elucidate the mechanism of any chemical or 
physical process, two complementary methods of treatment may be 
employed. In the first, the process is considered from the point 
of view of the material or molecular changes involved; in the 
second, from the point of view of the concomitant or precedent 
energy exchanges. The radiation hypothesis belongs to the second 
method of treatment. The two methods are not distinct in the 
sense that the results obtained in one often furnish a clue to the 
solution of a difficulty met with in the other. It is necessary, 
however, to possess, in the first place, some information regarding 
the most probable material mechanism of the process considered 
before introducing considerations based on the energy exchanges 
involved. In the case of heterogeneous reactions and catalysis, 
Langmuir’s theory • of the spatial distribution of molecules and 
atoms at the interface between two phases will be adopted as a 
basis for the material changes occurring, the energy changes being 
then dealt with from the point of view of the radiation hypothesis. 

Langmuir’s theory (compare J. Atner. Ghem. Soc., 1916, 38, 
2221) is essentially an extension of the work of the Braggs on 
crystal structure. 

The surface of a solid is regarded as a checker-board on which 
atoms or molecules of gases may be condensed by being united to 
certain atoms in the surface itself. This adsorption effect is 
ascribed directly to valency, in some cases the surface being almost 
entirely covered or saturated, in others only a small fraction of 
the surface being thus occupied. According to Langmuir, this 
surface layer does not consist of several layers of molecules or atoms 
in which the density varies continuously. Instead, the change 
from solid to homogeneous gas is abrupt. This is based on the 
idea that it is only a layer one molecule or atom in thickness 
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which, would be held sufficiently firmly to the surface, especially at 
the moderately high temperatures at which heterogeneous reactions 
proceed in general with measurable velocity. Langmuir’s experi¬ 
mental results support this view in many cases. When a gas 
molecule strikes a surface, it is in general condensed. The rate 
at which it evaporates depends on the chemical or specific nature 
of the molecule and of the layer of atoms in the surface of the 
solid. Thus nitrogen, in which the atoms are already very com¬ 
pletely saturated, possesses only a feeble external field of force, 
and in the molecular form, therefore, will be only slightly adsorbed. 

Langmuir has found that hydrogen in the atomic form, pro¬ 
duced by heating a wire in dry hydrogen at very low pressures, has 
a remarkable tendency to be adsorbed, this being regarded as due 
to the unsaturated affinity of the hydrogen atom. Langmuir has 
calculated that in this case the adsorbed layer of gas is just one 
atom in thickness. Oxygen is likewise easily adsorbed by metallic 
(tungsten) filaments. This adsorbed layer is exceedingly stable, 
and is evidently distinct from the formation of the compound 
WO s , which volatilises easily in comparison. On Langmuir’s view, 
the oxygen is retained on the surface in th^ atomic form. A mole¬ 
cule or atom which is strongly adsorbed is capable of displacing 
one which is feebly adsorbed. Hence addition of a strongly 
adsorbed gas—which in certain cases may be the resultant of the 
reaction—may cover the surface of a solid more or less completely, 
the surface being thereby “poisoned” with respect to a reaction 
in which the reactants are only feebly adsorbed. Langmuir has 
given several instances of such effects. The essential point for our 
present purpose is the dissociation, partial or complete, which many 
substances undergo into the atomic state on being condensed on 
surfaces, the cause of such dissociation being the localised valencies 
or lines of force which hold the atoms of the condensed substance 
to certain atoms of the surface of the solid.* 

So much for the nature of the material changes involved. We 
have now to see how far the radiation hypothesis may assist in 
extending this view of the mechanism of the process. 

In general, the velocity constants of heterogeneous reactions are 
characterised by possessing smaller temperature coefficients than 
those which are possessed by reactions in homogeneous systems. 
This means, on the basis of the considerations developed in earlier 
papers, that the critical increment in the heterogeneous process is 

* The catalytic effect of traces of moisture in the activation of molecules 
and atoms, and therefore possibly of surfaces, is not considered in the present 
paper. The facts hitherto recorded point to the conclusion that water is 
effective where ions are required to enable the reaction to proceed. 
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less than it would be for the same process occurring in the homo¬ 
geneous system. This, in fact, appears to be the basis of the 
accelerating or catalytic effect of a given surface as viewed from 
the energy required to effect the chemical change. 

It has already been shown that the reactivity of a substance 
depends on the magnitude 'of its critical increment, that is, the 
amount of energy which must be added per molecule or per gram- 
molecule, in excess of the average energy content, in order to bring 
the molecule into the active state. 

The higher the critical increment, the smaller is the reactivity 
or rate of reaction of the substance. This increment is taken 
account of by the exponential term which appears in the velocity 
expression developed in previous papers. The term referred to is 
e -JS/KT ? w bere B is the critical increment per gram-molecule, R the 
gas constant per gram-molecule, and T the absolute temperature. 
It is this quantity that governs the magnitude of the temperature 
coefficient of a reaction, and, as is evident, the greater the value 
of B the greater is the temperature coefficient. 

Let us suppose that a given reaction occurs iu a homogeneous 
system, the sum of the critical increments of the reactants being 
B v whilst the sum of the critical increments for the. same reaction 
when a heterogeneous catalyst is present is E 2 . Then B^ > E*. 
The ratio of the velocity constant in the presence of the catalyst 
to that when the catalyst is absent is given essentially by the ratio 
e -E»!nTj e -£iiitT or C (j3i -Et)iRi\ This is, in-general, a large posi¬ 
tive quantity; it may be referred to as the catalytic factor. Let 
us suppose that the process considered involves the dissociation of 
a gaseous molecule. If this occurs in the homogeneous phase, the 
critical increment is large* of the order of 50,000 to 100,000 calories 
per gram-molecule. This energy has to be supplied by absorption 
of the radiation present in the system, and the greater the amount 
■of energy required the higher must be the temperature in order 
that a sufficient number of quanta of high frequency may be avail¬ 
able. If, on the other hand, a catalyst is present which is capable 
of condensing or adsorbing the gas in the atomic form, then the 
energy required is essentially that of sublimation or de-sorption of 
the atomic resultants from the surface diminished by the energy 
of adsorption or condensation of the molecular reactant. Such 
effects are in general small, of the order 5000 to 10,000 calories per 
gram-molecule. Hence in this case the catalytic factor would be 
, e{50,ooo-— 5000 ) IRT^ which for the temperature I 1 = 1000° would corre¬ 
spond with ’e a2 - 5 , or 10 10 approximately. It is evident that the 
effect which we have been considering is of very great magnitude, 
and to this extent is in agreement with the known high efficiency 



LEWIS : STUDIES IN CATALYSIS. PART X. 


185 


of heterogeneous catalysts. From the point of view of the energy 
changes involved, therefore, the action of a catalyst is to be ascribed 
to the substitution of relatively small energy terms of the nature 
of de-sorption or sublimation effects in place of true critical energies 
of activation or dissociation. In general, the problem is not so 
simple as the case just considered. Frequently moi’e than one 
reactant is involved, and in some cases partial activation or polar¬ 
isation of one or more of the reactants may be effected without 
such reactant coming into direct contact with the surface of the 
solid itself. This will naturally occur when the surface is already 
covered by a reactant which possesses high capacity of adsorption. 
In genei'al, however, the function of the catalyst is to bring at 
least one of the reactants into the active form, which would other¬ 
wise only be attained in the homogeneous phase by exceedingly 
high temperature conditions. The possibilities which present them¬ 
selves will be rendered somewhat clearer by a preliminary examina¬ 
tion of one or two actual cases. 


The Reaction between Oxygen and Sulphur. 

We shall first of all consider the reaction, S-t-0 2 = S0 2 , as occur¬ 
ring in the homogeneous gaseous state. 

Since the resultant contains two atoms of oxygen, the process 
does not require complete dissociation of the oxygen molecule as 
a preliminary step. Instead, a partial activation or polarisation 
of the oxygen molecule is sufficient. A value for this quantity may 
be obtained from a consideration of the thermal decomposition of 
ozone, which has been measured by Chapman and Jones (T., 1910, 
97, 2463), the reaction being shown to be bimoleeular. The details 
of the calculation will be given in a. subsequent paper, but it may 
be stated here that the critical increment of ozone per gram-mole¬ 
cule, obtained from Chapman and Jones’s results, is 10,690 cals. 
Further, the heat evolved at constant volume when two gram- 
molecules of ozone decompose into three gram-molecules of oxygen 
has been determined with accuracy by Kailan and Jahn ( Zeitsch . 
anorg. Chem., 1910, 68, 243), the value being 69,000 cals. Apply¬ 
ing the quantum expression (compare T., 1917, 111, 1086) to the 
process 20 3 •—>- 30 2 , we obtain 69,000 — — 21,380, whence 

■®'o 3 = 30,127 cals., or 30,000 cals, in round numbers. The symbol 
W denotes the critical increment per gram-molecule required for 
the partial activation or polarisation of oxygen which will permit 
three molecules thus activated to react to form two molecules of 
/ozone. A molecule possesses, in general, different degrees or stages 
of activation, and this may not he the one required in the case of 
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the union of oxygen with, sulphur. All partial activations are, 
however, small quantities compared with the activation required to 
cause complete dissociation of a molecule. So far as order of 
magnitude is concerned, the above value may be employed in this 
preliminary investigation. 

We have now to consider the activation of sulphur vapour. In 
the temperature range 200° to 500°, the vapour of sulphur consists 
mainly of the molecular form S 8 . Preuner and Schupp (Zeitsch. 
physikal. Chem., 1909, 68, 148) have measured the equilibrium of 
the reaction 4S c — 3S s . The mean value of the heat effect is 26,500 
cals. This heat is absorbed in breaking down 3Sg molecules to 
4S e molecules. The same authors have obtained a fairly accurate 
value for the heat absorbed, namely, 58,000 cals., in the gaseous 
reaction S 6 = 3S 2 . Hence the process £S 8 —>■ S 2 requires an absorp¬ 
tion of heat equal to 21,542 cals. We have now to consider the 
heat absorbed in the dissociation of S. 2 into the atomic state. Budde 
(Zeitsch. anorg. Chem., 1900, 78, 169) has measured, by an 
explosion method, the equilibrium of the reaction S 2 = 2S, in the 
gaseous state, over the temperature range 2000° to 2500°. The 
results do not lead to an accurate value for the heat effect. Budde 
takes the value 120,000 cals, per gram-molecule. Yon Warten- 
berg (Zeitsch. anorg. Chem., 1908, 56, 320) estimates the heat 
effect to be 90,000 cals, approximately. It has been shown (com¬ 
pare T,, 1918, 113, 471) that the critical increment in the case 
of the dissociation of a molecule into atoms is connected with the 
heat absorbed by the relation ~Q V ~E — At T=2000°, the 

value of E obtained from Budde’s results is therefore 122,000 cals., 
but this is liable to considerable error. On the radiation hypo¬ 
thesis, this energy should be given by Nhv, where v is the frequency 
of the light absorbed, N the number of molecules in one gram- 
molecule, and h Planck’s constant. Martens (Ann. Physih, 1902, 
[iv], 8, 603) has calculated that sulphur should possess a band in 
the ultra-violet region at A — 226 pp. The corresponding frequency 
is 13-3 x 10 u , and therefore Nhv, or the critical increment per 
gram-molecule, should be 125,550 cals. This is remarkably close 
to the value calculated from Budde’s data. In fact, the agreement 
is partly accidental. It is probable that the value obtained from 
Martens’s data is the more correct. It follows that the heat of 
dissociation of diatomic sulphur into the atomic state in a gaseous 
system is 123,000 cals, per gram-molecule. Hence the energy 
absorbed in the process |S 8 —> 2S is (123,000 + 21,540), or 144,500 
cals, in round numbers. As might be expected, the chief factor in 
the total energy change from S 8 to atomic sulphur is the single 
process of dissociating the S 2 molecules. The critical increment 
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required to produce two gram-atoms of sulphur in the gaseous state 
from the corresponding quantity of S 8 molecules is 147,000 cals., 
and therefore the critical increment per gram-atom is 73,500 cals. 

We have now to consider the formation of sulphur dioxide from 
oxygen and sulphur, the latter consisting of S s molecules, the 
system being entirely gaseous. The partial critical increment of 
the oxygen is taken to be 30,000 cals, per gram-molecule. Hence 
the total critical increment of the system (S + 0 2 ) under the con¬ 
ditions stated is (73,500 + 30,000), or 103,500 cals. The heat of 
formation of sulphur dioxide from solid sulphur and gaseous 
oxygen is 69,400 cals, per gram-molecule (Berthelot) (compare 
Ferguson, Proc, Nat, Acad. Sci., 1917, 3, 371). The heat of 
vaporisation of sulphur is 12,000 cals, per gram-atom in round 
numbers. Hence the heat of formation of sulphur dioxide from 
its gaseous components is 81,400 cals. Employing the relation: 

, Heat evolved =H resU ]tants ~ ^reactants? 

we get 81,400 =^so-103,500, whence i?so = 184,900 cals, per 
gram-molecule. It follows from this value that the frequency of 
the effective radiation is 19'6 x 10 14 , and the wave-length A.=153 pp. 
Sulphur dioxide is known to have an absorption band in the 
extreme ultra-violet region beyond 200 pp (compare Garrett, Phil. 
Mag.y 1916, [vi], 31, 505), but the position of the band has not as 
yet been located. 

The above exceedingly high value for the critical increment of 
sulphur dioxide requires that the molecule should he correspond¬ 
ingly stable. Thus it should not be possible to decompose it into 
its components by a quartz mercury lamp, since quartz does nob 
transmit wave-lengths longer than about 185 pp. As an illustra¬ 
tion of its stability, it may be mentioned that von Wartenberg 
(loc. cit .) was unable to detect any sensible dissociation of sulphur 
dioxide even at 2200° abs. For our present purpose, it is more 
important to observe that the critical increment of the reactants 
(S + 0 2 ) is also very high, namely, 103,500 cals. 

The numerical values given above refer to the reaction non- 
catalysed. If, however, the reaction is carried out in the presence 
of solid or fused sulphur, heterogeneous catalytic effects enter. 
This has been shown experimentally by Bodenstein and Caro 
(Zcitsch. physikal. Ghem., 1910, 75, 30), the sulphur acting as a 
positive catalyst. The result of the positive catalysis is that the 
critical increment of the system (S + 0 2 ) is much less than the value 
given above. From the temperature coefficient obtained by Boden¬ 
stein and Caro in the region of 250°, in the presence of solid 
sulphur, it is found that the critical increment of the reactants 
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(S+Oo) lies between the limits 31,308 and 34,184 cals., the mean 
valiie being 33,000 cals, in round numbers. 

It is possible to account approximately for the order of magni¬ 
tude of the critical increment obtained, when heterogeneous 
catalysis occurs, by supposing that the oxygen is already activated 
at the temperature chosen before coining into contact with the 
sulphur surface, the increment of partial activation of oxygen 
being of the order 30,000 cals., as we have seen already. The 
sulphur itself is already in the atomic state in the surface layer of 
the solid, and consequently does not require further activation. 
The heat of volatilisation Qf the sulphur dioxide per gram-molecule 
is a quantity of the order 5000 cals., so that in all the apparent 
increment is of the order 35,000 cals., which agrees moderately 
well with that observed. 

In the above case, the catalytic factor at 250° is edos, 500 - 35 , 500 )/.Rff 
or c^ m i RT , or 10 28 approximately. These numbers are simply 
employed for purposes of illustration; sufficient data have not yet 
been accumulated to permit of more exact calculation. 

If such changes in the critical increment are brought about as 
a result of catalytic effects, it is necessary to conclude that in 
general the heat effect of a process will he modified by the catalyst, 
and if this is the case the variation of the equilibrium constant of 
the reaction in the surface layer with temperature will be affected, 
so that finally the equilibrium constant of the catalysed reaction 
will differ from that of the non-catalysed reaction. This con¬ 
clusion is in general agreement with that arrived at by Bancroft 
(/. Physical Cham., 1917, 21, 573) on false equilibria and the 
effect of heterogeneous catalysis on the position of the equilibrium. 


The Union of Oxygen and Hydrogen. 

Bodenstein (Zeitsch. physikal. Cham., 1899, 29, 665) has found 
that the temperature of the termolecular velocity constant, corre¬ 
sponding with the reaction 2H 3 + 0 £ —2H 2 0, is 1‘75 for 10° over 
the temperature range 482° to 509°. The reaction proceeds under 
the conditions employed almost entirely at the surface of the 
porcelain containing-vessel. From the above value of the tempera¬ 
ture coefficient, it would follow that the critical increment for two 
gram-molecules of hydrogen and one gram-molecule of oxygen is 
66,000 cals., and therefore for one gram-molecule of hydrogen and 
one half-gram-molecule of oxygen the increment of the reactants 
is 33,000 cals. Bodenstein’s results have, however, been criticised 
by Bone and Wheeler (Phil. Trans., 1906, [ri], 206, 1), who find 
that the reaction is not termoleeular, but approximately unimole- 
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cular, especially unimolecular with respect- to the hydrogen. The 
reaction which appears, to occur is therefore H 3 +0 = H 3 0. Bone 
and Wheeler have given data for the reaction from which the 
temperature coefficient and critical increment of the reactants may 
be calculated when nickel is the catalyst. For the temperature 
range 473° to 493° abs., the critical increment of the reactants is 
calculated to be 35,000 cals., which agrees fairly well with the 
value obtained from Bodenstein’s results for the porcelain surface. 
Over the temperature range 493° to 513° abs., the results obtained 
by Bone- and Wheeler give an increment of 52,000 cals, in round 
numbers. This is considerably greater than that obtained at the 
lower range of temperature, and indicates that the catalytic effect 
is relatively less efficient at the higher temperature, due, pre¬ 
sumably, to diminished adsorption of the reactants. In both cases, 
however, the increment is a relatively small quantity, very much 
smaller than would be expected from the process occurring in the 
homogeneous phase, for the molecule of oxygen, which has to he 
dissociated, is very stable. 

“We have now to attempt to account for a quantity of the above 
order of magnitude on the basis of the energy-mechanism, out¬ 
lined. Let us assume, in the first place, that the oxygen is 
adsorbed and exists in the atomic state attached to certain posi¬ 
tions on the surface of the catalyst. It. is necessary that an 
activated or polarised molecule of hydrogen shall come into con¬ 
tact with aif oxygen atom. It is only necessary for the hydrogen 
to be partly activated. Bohr (Phil. Mag., 1913, [vi], 26, 1, 476, 
857) has investigated the energy changes which occur in the mole¬ 
cule and the atom of hydrogen in various processes involving the 
removal and addition of an electron. Bohr has calculated that 
the process of transferring an electron so as to give rise to a system 
consisting of a positively charged hydrogen atom and a negatively 
charged one requires an absorption of energy of 21,000 cals, per 
gram-molecule of hydrogen. We shall employ this value in the 
present case, although there is evidence that a somewhat higher 
value is probably more correct. The latent heat of vaporisation 
of water is in round numbers 9000 cals, per gram-molecule in the 
neighbourhood of 100°. As before, we shall assume that the heat 
of de-sorption of the water produced in the reaction is of the same 
order of magnitude. Hence we would expect the critical incre¬ 
ment of the process to be of the order 30,000 cals, per gram- 
molecule of hydrogen and per gram-atom of oxygen. This agrees 
moderately with the observed value. 

Sufficiently accurate data are not as yet available for calculating 
the critical increment of the reactants of the same reaction in the 
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homogeneous gaseous state. It is necessary to dissociate the mole¬ 
cule of oxygen, and this appears to require a quantum of energy 
corresponding with approximately the region A = 200 p/x, whence 
the critical increment per gram-molecule is of the order 140,000 to * 
150,000 cals. That is, the total increment of the reactants, 
reckoned per gram-molecule of hydrogen, is 21,000 + 140,000/2, or 
91,000 cals. The catalytic efficiency is therefore given by the ratio 
e - 38,000/ RTj e - oi.ono/flT or gja,m ,'rt At 500° this factor is of the 
order 10 17 . These figures are merely illustrative, but they serve 
to indicate the great influence on the velocity which is to be 
expected on the basis of the treatment suggested. 

In dealing with the union of oxygen and hydrogen, it has been 
assumed above that the oxygen is condensed in the atomic form" 
on the catalyst, the subsequent chemical change being 
II 2 +O = H 2 0. From a number of observations made by Bone and 
Wheeler ( Joe . cit.), it appears that hydrogen is preferentially 
adsorbed. In such cases, the most probable reaction, because it 
involves the minimal critical increment, would be represented by 
H 2 + 0 2 = H 2 0 3 , in which the hydrogen and oxygen are partly 
activated, but neither of them is completely dissociated. The 
formation of water would result from the subsequent decomposi¬ 
tion of the hydrogen peroxide. The idea that hydrogen peroxide 
is an intermediate stage is, of course, not new. It appears from 
such considerations that the specific nature of the catalyst may 
determine the actual mechanism of a given reaction to a large 
extent. 


The Union of Oxygen and Silicon. 

In the reactions just considered, the critical increment of partial 
activation of oxygen has been taken to be 30,000 cals, approxim¬ 
ately, this being the valne required for the formation of ozone. 
As already pointed out, more than one stage of activation may be 
anticipated up to the limiting activation which corresponds with 
complete dissociation of the molecule into atoms. Each activation 
corresponds with a certain size of quantum of radiant energy, that 
is, with a certain frequency. The general conclusion reached in 
connexion with absorption spectra is that frequencies are related to 
one another in terms of even multiples of some fundamental fre¬ 
quency, that is, various degrees of activation are similarly related. 
A low degree of activation of the oxygen molecule requires 30,000 
cals, of energy to he absorbed per gram-molecule, and therefore 
higher degrees of activation would require 60,000, 90,000 cals., 
etc.. Tip to the limiting value of complete dissociation, which 
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appears to correspond with a quantity of the order 140,000 to 
150,000 cals. 

Sufficient information is not as yet, available to enable us to say 
how many of these possible degrees of activation may -actually 
manifest themselves. As an example of partial activation of 
oxygen which is apparently considerably greater than 30,000 cals., 
we may take the case of the formation and decomposition of an 
exceedingly stable compound, silica or quartz. 

To decompose a molecule of quartz, it is evident that a quantum 
in the very extreme ultra-violet portion of the spectrum is required, 
in order to supply the necessary energy. ■ It is well known that 
quartz commences to absorb radiation sensibly beyond the wave¬ 
length 185 gg. S. Richardson {Phil, Mag., 1916, [vi], 31, 463) 
finds that the dispersional wave-length of quartz is 105 gg. It 
does not necessarily follow that, the dispersional wave-length or 
frequency is that required for complete dissociation of the molecule. * 
That in the case of quartz, however, the necessary wave-length 
cannot differ much from 105 gg is rendered probable by the follow¬ 
ing consideration. In a quartz mercury vapour lamp, it is gener¬ 
ally believed that the quartz remains undecomposed; otherwise it 
would he difficult to account for the life and permanence of the 
lamp. That is, quartz can only be decomposed by a wave-length 
which is shorter than any emitted by the mercury vapour. O. W. 
Richardson and Bazzoni (Phil. Mag ., 1917, [vi], 34, 285) have 
found that there is a limiting wave-length in the spectrum of a 
substance; that is, no wave-length shorter than a certain value, 
characteristic of the substance, can be emitted. In the case of 
mercury vapour, this limiting wave-length lies between 120 and 
100 gg. The mean of these two limits is 110 gg, and we conclude 
on the above reasoning that quartz can only be decomposed by a 
wave-length shorter than this value. This points fairly definitely 
to S. Richardson’s value, 105 gg, for the dispersional wave-length 
of quartz as being the wave-length capable of decomposing the 
molecule. 

The critical increment corresponding with X—105gg is 270,000 
cals, per gram-molecule of quartz, an enormous quantity, which is 
in qualitative agreement with the known stability of quartz. 

"We have now to consider the heterogeneous reaction 

Si + 0 2 = Si0 2 . 

On Langmuir’s view as applied in the present paper, we regard 
the silicon as already in the atomic state. If x is the necessary 
critical increment of oxygen per gram-molecule, then x is likewise 
the total critical increment of the reactants. The heat of the 
reaction is known to be 184,000 cals, in round numbers, and hence, 
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on applying the quantum-heat expression: heat evolved = 
critical increment of resultants — critical increment of reactants, 
we obtain 184,000 = 270,000 — x, whence x = 86,000 cals. Owing' 
to the error in the observed heat effect and in the value of the 
critical increment of quartz, this value for the critical increment 
of oxygen may be regarded as agreeing approximately with the 
value 90,000 cals, expected from the lower degree of activation of 
the molecule. What is particularly important is that even this 
value does not correspond with complete dissociation of the oxygen 
molecule. We may therefore conclude that the molecule of quartz 

possesses the structure Si<^, rather than 0‘Si*Q. This is an 

illustration of how a knowledge of the necessary critical increments 
—which in the present case, unfortunately, are not known with 
precision—may lead to information concerning molecular structure. 

One of the chief difficulties met with in the kinetics of hetero¬ 
geneous reactions has its origin in the selective nature of the 
absorbability of the reactants and the resultants, particularly the 
latter. The so-called catalytic - “poisons” are now generally 
regarded as owing their effect to marked selective adsorption, as 
a result of which the surface of the catalyst becomes covered with 
a layer of molecules, and is thus no longer capable of catalysing 
the reaction. In many cases, the resultants of the reaction are 
adsorbed in this manner, and consequently function as a catalytic 
poison. Since the extent of adsorption diminishes as the tempera¬ 
ture rises, it is obvious that when such poisoning effects are present 
the temperature coefficient of the reaction velocity over a certain 
range of temperature is not comparable with that over a different 
range, for the total observed velocity depends not only on the true 
effect of temperature on the chemical process itself, but likewise 
on the alteration in the extent of active surface presented to the 
reactants. The simplest conditions are obviously those in which 
the adsorption effects are a minimum, and such conditions will 
occur generally when the enex*gy required for sublimation or de¬ 
sorption is small. In the other cases where adsorption effects are 
large, it is necessary to correct the observed velocity constants for 
the change in the area of the effective surface produced as a result 
of the change in temperature. Thus in the case in which the 
resultant is markedly adsorbed, and therefore acts as a negative 
catalyst, the temperature coefficient will possess too high a .value, 
and instead of decreasing as temperature rises, may even increase. 
A similar abnormal behaviour is to be anticipated when a reaction 
proceeds partly in the homogeneous gaseous phase, partly in the 
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surface, for as the temperature rises the reaction tends to pre¬ 
dominate in the gaseous phase, and therefore possesses a higher 
temperature coefficient. 

Muspratt Laboratory or Physical and Electro-Chemistry, 
University or Liverpool. 

[Received, January 22nd, 1919.] 


XXII .—The Estimation of the Methoxyl Group. 

By John Theodore Hewitt and William Jacob Jones. 

Since the introduction of the Zeisel method for the estimation of 
methoxyl groups ( Monatsh 1885, 6, 989, 1886, 7, 406; Benedikt 
and Griissner, Chevi. Zeit., 1889, 13, 872), numerous attempts have 
"been made to simplify the apparatus and shorten the operation. 
The method of rectifying the methyl iodide proposed by Zeisel is 
effective but troublesome; the inclined condenser has to be of con¬ 
siderable length, and consequently occupies some bench space, whilst 
the constant supply of water to the condenser at about 50° necessi¬ 
tates supervision. A further inconvenience of the Zeisel method 
is the trouble experienced in working up the precipitate of double 
iodide and nitrate of silver, time being lost in evaporating the 
alcohol and obtaining the silver iodide in a pure condition. 

The use of a rectifying column provided with a thermometer, in 
place of the inclined condenser fed with water at an approximately 
definite temperature, was recommended by Hewitt and Moore (T., 
1902, 81, 318), and impurities in the hydriodie acid were removed 
by passing carbon dioxide through the acid at 130° before intro¬ 
ducing the substance under examination. Considerable saving in 
bench space was effected, and during the operation it was only 
necessary to control the stream of carbon dioxide and the flame 
under the glycerol bath so as to give the necessary temperatures 
in the reaction flask and at the top of the rectifying column. 
Several modifications of the Zeisel method have been suggested in 
which ordinary rectification has been relied on in place of inclined 
condensers in which the temperature is controlled by running 
water (Perkin, T., 1903, 83, 1367; Zeisel and Panto, Zeitsch. anal 
Chem. } 1903, 42, 549; Stritar, ibid ., 579; Hesse, Ber., 1906, 39, 
1142). Shortening the process by estimation of the methyl iodide 
in a more rapid manner was left untouched ■ for years. The 
necessity of estimating methyl iodide obtained from methyl alcohol 
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mixtures rapidly and accurately caused the present authors to 
search for a quick process. 

Since combination of alkyl iodides with bases of the pyridine 
series takes place very rapidly, there seemed to be a promising way 
of obtaining the iodide in an ionisable form and then estimating 
it volumetrieally. After working out a satisfactory process, it was 
found that the same fundamental idea of combining the methyl 
iodide with a tertiary base had already been utilised (Kirpal and 
Bfihn, Ber., 1914, 47, 1084), but the subsequent volumetric 
estimation of iodide by standard silver nitrate solution may be con¬ 
siderably shortened. Instead of rejecting the excess of pyridine 
by evaporation and estimating the iodide with standard silver 
nitrate, using a chromate as indicator, the pyridine and its meth- 
iodide may be directly diluted with water, acidified with nitric 
acid, a known amount of silver nitrate added, and the excess of 
the latter determined by thiocyanate according to Yolhard's 
method. Adoption of this procedure reduces the time of experi¬ 
ment considerably. 

The applicability of Yolhard’s method to the estimation of 
methyl iodide after reaction with pyridine was controlled in a 
separate experiment. 3*10 G-rams of freshly distilled methyl iodide 
were diluted to a volume of 100 c.c. with pyridine which had been 
saturated with carbon dioxide. By dilution with water, addition 
of silver nitrate, and determination of the excess of silver with 
thiocyanate, 3‘13 grams of methyl iodide per 100 c.c. were found. 


Method. 

Hydriodic Acid .—The hydriodic acid is prepared by saturating 
an aqueous suspension of iodine with hydrogen sulphide, distilling 
the resulting solution, and collecting the fraction boiling between 
123° and 127° (D 1*7) for use. 

Residues from analyses are redistilled and used again. 

Pyridine .—Complete separation from picoline is unnecessary; 
it is, however, advisable to remove substances of high boiling point. 

Pyridine bases as obtained from tar distillers are mixed with 
two-thirds of their weight of water and fractionated. The fraction 
distilling between 93° and 97°, containing the mixture of constant 
boiling point, is shaken with one-third of its weight of solid sodium 
hydroxide, the upper layer is separated, fractionally distilled, and 
the bases distilling between 114° and 117° are collected for use. 
Residues containing pyridine may be accumulated, rendered alkaline 
with one-fiftieth of their weight of solid sodium hydroxide, distilled, 
the distillate at 93—97° collected, and worked up. 
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The Estimation .—The apparatus consists of the usual carbon 
dioxide generator, decomposition flask heated in a glycerol bath to 
130°, and rectifying column (four-pear or other suitable form). 
The carbon dioxide carrying the methyl iodide vapour is passed 
through two test-tubes in series, each containing 10 c.c. of pyridine. 

For the estimation, a suitable weight of the substance is taken, 
and 20 c.c. of hydriodic acid (D 1*7) are added. 

After the experiment has been in progress for one hour, the con¬ 
tents of the test-tubes are completely washed into a graduated flask, 
when they are diluted with water, and the iodide is estimated by 
the process indicated above. 

In all cases, early in the course of the experiment, a yellow 
coloration develops in the pyridine. This vanishes on diluting the 
pyridine at the end of the experiment. Its appearance, therefore, 
need cause no apprehension to the analyst that free iodine is finding 
its way into the pyridine. Moreover, carefully purified samples of 
methyl iodide and pyridine on admixture develop colour.' The 
behaviour of a mixture on dilution with water was compared with 
that of an iodine solution of equal depth of colour. On diluting 
a 3 per cent, solution of methyl iodide in pyridine with a quarter 
of its volume of water, the colour became very pale, and with its 
own volume of water it almost vanished. The iodine solution, on 
being similarly diluted, still retained its colour. It would thus 
appear that the coloration is not due to free iodine. Should, how¬ 
ever, the colour persist on dilution with water, it is then advisable 
to discharge it with thiosulphate solution. 


Analyses. 


Substance. 

Percentage of methoxyl group 

Found. Calculated, 

Brucine hydrate . 

. 13-5 

13-3 

Methyl oxalate . 

. 50-1 

52-5 

Methyl alcohol ... 

. 95-2 

96-9 

. 95*2 

96-9 

Jy . 

. 96-0 

96-9 

Methyl salicylate . 

. 96-3 

96-9 

. 19-7 

20-4 


A methylated cellulose which gave 39 T per cent, of methoxyl 
by the gravimetric Zeisel method was found to contain 39’2 per 
cent, by the present method. , 

Unsatisfactory results were obtained with a sample of methyl 
benzoate and with one of hydrated quinine sulphate. 

This comparatively rapid method for the estimation of methoxyl 
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groups may be applied conveniently to the products of wood dis¬ 
tillation or other mixtures containing methyl alcohol. 

Methyl alcohol has usually been estimated in these products by 
conversion into methyl iodide, and measurement of the volume of 
the latter compound (Krell, Ber. , 1873, 6, 1310; G-rodzky and 
Kramer, ibid ., 1492). Zeisel and Strit-ar's process of weighing 
volatilised iodine as silver iodide obviates the inexactness due to 
determination of the volume of the methyl iodide, but time may be 
saved by combining the methyl iodide with a tertiary base and 
estimating the iodine volumetrically. 

A suitable amount (see below) of the liquid to be analysed is 
heated with 20 c.c. of hydriodic acid (D 1’7) for one hour. The 
contents of the test-tubes are then completely washed into a 
graduated flask and made up with water to 100 c.c. An aliquot 
portion (see below) of the diluted solution is introduced into 
a glass stoppered bottle of 250 c.c. capacity, 70 c.c. of water are 
added, and then, in order, 25 c.c. of Nj 10-silver nitrate solution 
and 30 c.c. of approximately 10i\ r -nitric acid. The bottle is 
well shaken by hand for five minutes, and 5 c.c. of concentrated 
ferric alum indicator are added. Nj 10-Thiocyanate solution is 
now run in until further addition of one drop imparts a permanent 
orange colour to the liquid. 

Suitable amounts of liquids to be taken for analysis are given 
below. 

a represents the volume of material to be operated on and its 
dilution when necessary. 

b gives the ‘volume of the diluted aqueous pyridine solution, 
obtained as described above, to be actually used in a titration. 

c is the formula to be used giving the weight in grams of methyl 
alcohol in 100 c.c. of the liquor analysed, where t is the number 
of c.c. of N j 10-thiocyanate solution used in the titration. (Note .— 
The figure 25 given in the formulas must be multiplied by /, the 
factor for the silver nitrate solution, if this is not exactly deci- 
normal.) 

Pyroligneous Acid. — (a) Take 5 c.c. of the original liquor; 
<5) 40 c.c.; (c) 0*16 (25-$). 

Crude Wood Naphtha,—~(a) Take 10 c.c., dilute to 100 c.c. with 
water, and use 5 c.c. of the diluted solution for distillation with 
hydriodic acid; (&) 40 c.c.; ( c) 1*6 (25-$). 

Methyl Alcohol and Mixtures of the Alcohol with Acetone .— 
(a) Take 10 c.c., dilute to 100 c.c.. with water, and use 5 c.c. of 
this diluted solution for the estimation; (6) 20 c.c.; (c) 3*2 (25 — $). 
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Analyses. 

Artificial mixtures containing methyl alcohol and other products 
of wood distillation were made up and analysed by the method 
described. 



Liquor 

Number. 

Composition. 

No. of grams of methyl alcohol 
per ICO c.c. of liquor. 


Actual. 

Fouucl. 

1 ... 


2-39 

2-35 



68-5 

08-1 

z 


2-39 

2-35 

4 


31-8 

31-5 


Analyses of purified methyl alcohol by the present method have 
already been given. 

It will be seen that, on an average, the results are 1 per cent, 
too low. Stritar and Zeidler ( Zcitsch. anal. Ghent., 1904, 63, 
387) found that the maximum amount of methyl iodide obtainable 
from pure methyl alcohol in a Zeisel estimation corresponded with 
a 99 per cent, yield. 

Liquors 1 and 2 were aqueous solutions of purified methyl 
alcohol. Liquor 3 contained, per 100 c.c., 7'03 grains of acetic 
acid, 0*80 gram of acetone, and 2*39 grams of methyl alcohol, the 
remainder being water. It represented a pyroligneous acid. 
Liquor 4 was an equilibrium mixture prepared from 10*04 grams 
of acetic acid, 39*60 grains of acetone, and 31*82 grams of methyl 
alcohol, made up to 100 c.c. with water (1*27 grams). This mix¬ 
ture, which, of course, contained methyl acetate, represented the 
first runnings obtained in the rectification of crude wood naphtha. 


Compounds yielding Methyl Iodide, other than Methyl Alcohol, 
present in Wood Distillates, 

The constituents of wood distillates have been examined by 
Stritar and Zeidler (Joe. cit.) with a view to determine which yield 
methyl iodide on treatment with hydriodic acid. They found that 
acetone gave no methyl iodide, whilst the yield from both form¬ 
aldehyde and acetaldehyde was negligible. Methyl acetate gave one 
equivalent of methyl iodide, and methylal and dimethylacetal each 
gave two. Allyl alcohol yielded its equivalent of sec.-propyl 
iodide. Guaiacol and other methyl derivatives of the phenols 
yielded their equivalent of methyl iodide. 

Of these substdnees, the quantities of acetal encountered are too 
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small to be of consequence. According to Grodzki and Kramer 
( loc. cit.), the amounts of allyl alcohol and of methyl alcohol in 
raw wood spirit are in the ratio of 2 to 1000. Stritar and Zeidler 
find that guaiacol may be eliminated from aqueous solutions of 
crude wood spirit by shaking with animal charcoal. They state 
that on omitting this treatment, the amount of methyl alcohol 
found is too high, by about 2 parts in 100 parts. It will be seen 
that the quantities of alkyl iodide yielded by the amounts of allyl 
alcohol and of guaiacol present in the aqueous wood distillates, 
relatively to that yielded by the methyl alcohol present, border 
closely on the experimental error. It is the experience of the 
authors that, where precautions are taken to eliminate these sub¬ 
stances preliminary to analysis, the errors due to losses outweigh 
the error introduced through ignoring their presence. 

The present method gives the total methyl alcohol, including 
both the free alcohol and that which is combined as methyl acetate. 
If it is desired, the amount of ester present may he determined by 
quantitative hydrolysis. 

The alcoholic silver nitrate of the Zeisel method of estimating 
methoxyl may be replaced by pyridine. The pyridinium methyl 
iodide formed can be determined by Volhard’s thiocyanate method. 

Methyl alcohol in wood distillates may he determined by the 
method described above. 

[Received, January llth, 1919.] 


XXIII .—The Preparation of Monomethylaniline. 

By Percy Faraday Frankland, Frederick Challenger, and 
Noel Albert Nicholls. 

When aniline is submitted to the action of the usual methylating 
agents, it is difficult to limit the course of the reaction to the intro¬ 
duction of a single methyl group. We have investigated the pro¬ 
duction of monomethylaniline by three methods, with a view to 
obtain it in a pure condition. 

(1) The process described in the German Patent 75854, and with 
slight modifications in the French Patent 212506, consists in con¬ 
densing aniline with formaldehyde and then reducing with zinc 
dust and concentrated aqueous sodium hydroxide until a test por¬ 
tion dissolves to a clear solution in acetic acid. Any unreduced 
methyleneaniline, CH 2 *N*C 6 H 5 , is thereby converted into insoluble 
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anhydroformaldehydeaniline, (CH 3 :N*C 0 H 6 ) s . Using 100 grains of 
aniline, we have found the reduction to be completed in twelve to 
fifteen hours, and have obtained about 55 per cent, of the theoretical 
yield of methylaniline. The Patent Specifications make no mention 
of the yields obtained. 

The principal advantage of this method lies in the fact that the 
product, although rich in aniline, contains only traces of dimethyl- 
aniline. The presence of the aniline may he the result of incom¬ 
plete condensation with formaldehyde in the first instance, or of 
the hydrolysis of the methyleneaniline by the hot water, or of both 
causes. The primary base can be recovered in the form of its 
zincichloride, which is almost insoluble in water, the methylated 
bases not being affected by this reagent ( MonaUh 188S, 9, 514). 
The method appears to work very satisfactorily. 

Morgan (English Patent 102834), who has also studied the reduc¬ 
tion of methyleneaniline, suggests that the poor yield of methyl- 
aniline may be due, in addition to hydrolysis, to the conversion of 
some of the methyleneaniline into s-diphenylmethylenediamine, 
OHo(NH*C,;H 5 ) 2 , and anhydroformaldehydeaniline. We have failed 
to obtain more than traces of monomethylaniline from the last- 
named substance (compare, however, Goldschmidt, Chem. Zeit. } 
1904, 28, 1229), but when s-diphenylniethylenediamine (Eberhardt 
and Welter, Ber., 1894, 27, 1804; Eibner, Annalcn, 1898, 302, 
349) is reduced with zinc dust and alkali hydroxide under the con¬ 
ditions of the earlier patents, aniline and monomethylaniline are 
produced in equal amounts, probably according to the equation 

CH. 2 (NH-C e H 5 ) 3 -f 2H = C c H 5 *NH 2 + C u HyNH'CEU. 

We attempted to diminish the hydrolysis by performing the 
reduction in concentrated alcoholic solution. The yield of methyl- 
aniline was, however, only about 46 per cent. No better results 
were obtained by increasing the quantity of formaldehyde; 1'5 
molecular proportions gave rise to some diniethylaniline, whilst 
with 10 molecular proportions, considerable quantities of this base 
were formed.* 

This appears to be due to the interaction of monomethylaniline 
and formaldehyde, giving rise to s-diphenyldimethylmethylene- 
diamine, which then undergoes reduction. This reaction would, 
moreover, be analogous to the reduction of s-diphenylmethylene- 
diamine. The condensation product of formaldehyde and methyl- 

* Compare the action of formaldehyde on methylaniline in acid solution 
(Goldschmidt, lac. cit.) and on methyl-o-toluidine (Braun, Ber., 1908,41, 2X53), 
also on ammonium chloride (Werner, T., 1917, 112, 844). Sea also Pinnow, 
Per., 1894, 27, 3106; Cohn, Chem, Zeit., 1900, 24, 564. 
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aniline (Braun, Ber., 190S, 41, 2147) was therefore prepared and 
reduced under the usual conditions, with the result that much 
dimethyl aniline was produced. 

(2) The process described in various works of reference consists 
in heating aniline hydrochloride with methyl alcohol in an auto¬ 
clave to 180—200°."' The best result obtained by us in a series of 
thirteen experiments was a 55 per cent, yield of mononiethylaniline. 
Experiments in sealed tubes confirmed these results. 

"We have also investigated a variation of the above method, in 
which aniline hydrochloride and methyl alcohol are heated together 
in the presence of glacial acetic acid ~{Ber., 1897, 30, 3072). The 
most favourable result was a yield of 56 per cent, of methylaniline. 

(3) The demethylation of dimethylaniline by heating with aniline 
hydrochloride at above 180°. In the most favourable experiments, 
a yield of 55 per cent, of methylaniline was obtained. Aniline 
was also heated to a high temperature with dimethylaniline hydro¬ 
chloride with similar results, but it was found necessary to heat 
for a much longer period. This was probably due to the more 
basic nature of dimethylaniline. A condition of equilibrium 
between the three bases and hydrochloric acid would appear to be 
established. 

At the time these experiments on cleanethylation were performed 
(1916), we were unable to hud any record of similar work on this 
subject, apart from the well-known phenomenon of the transfer at 
above 300° of alkyl groups from nitrogen to the ring. 

According to Schultz (" Chemie des Steinkohlentheers/ ’ 1900, 
3rd ed., I, p. 98), monoethyiauiiine may he prepared by heating 
aniline hydrochloride with diethylaniliue. No yields or references 
to the original, literature are given, but the reaction is obviously 
not quantitative, since it is stated that the hydrochloride of diethyl- 
aniline remains in solution. 

Experimental. 

Preparation of Monome-thjdaniline according to D.B.-P. 75854. 

Materials Used .—One hundred grams of aniline, 80‘5 grams of 
formaldehyde (37 per cent.), 30 grams of methyl alcohol, 25 grams 
of sodium hydroxide solution (D 1*38), 150 grams of zinc dust, 
1 litre of water, and 225 grams of sodium hydroxide solution. 

* The published statements concerning the yields of monomethylaniline 
obtained in this way are very contradictory. See Wahi-Atack, “ Organic 
Pyestuffs,” p. 70 ; Cain, Intermediate Products,” p. 61; Lunge, “ Chem. 
Teehn, Untersuchungsmethoden/’ Vol. III., p. 761; Friedlander, 
" Fortscliritte tier Teerfarbenfabrikation,” 1877—1887, p. 6. 
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The first four ingredients were mixed in a wide-mouthed bottle 
fitted with a stirrer and a reflux condenser, the zinc dust and water 
then added, and the temperature raised to about 90°. The 
remainder of the sodium hydroxide solution was gradually intro¬ 
duced and the stirring continued at this temperature until, after 
about twelve to fifteen hours, the methyleneaniline had disappeared. 
The bases were then distilled in a current of steam, extracted with 
ether, and a portion converted into the nitrosoamine. Yield of 
bases, 102 grams. Theory = 115 grams. 

Thirty grains of the mixture gave 23 grains of dry phenybnethyl- 
nitrosoamine, whence the total yield of monomethylaniline is 54*5 
per cent, of the theoretical. 


Preparation of Monomethylaniline according to French Patent 

' 212506. 


In these experiments, the quantities of material and method of 
procedure were as described above, with the exception that the 
whole of the sodium hydroxide solution was added at once. 

In one case, where particularly efficient stirring was employed, 
the methyleneaniline had disappeared in six and a-half hours. In 
this experiment, the mixed bases contained 65 per cent, of mono- 
inethylaniline (by the nitrosoamine method of analysis), correspond¬ 
ing with a yield of 5T5 per cent. Other experiments with the 
same'quantities and under similar conditions gave yields of 4T5 
and 53*5 per cent, of the theoretical quantity of monomethyl- 
aniline. 

Reduction in the Presence of Excess of Formaldehyde . 

In two experiments on 100 grams of aniline, in which 0*5 mole¬ 
cular proportion of formaldehyde "was used in excess, the yields of 
monomethylaniline were 46*5 .and 55 per cent. In the first case, 
about 17 grams of the hydrochloride of p-ri itros od i m ethyl anil in e 
were obtained on nitrosification. 

With an excess of 9 molecular proportions of formaldehyde, two 
experiments according to the German Patent gave scarcely any 
monomethylaniline; the reactions proceeded very slowly, and in 
one case much dimethylaniline was produced. 

Reduction- in Concentrated Alcoholic Solution. 

Qne hundred grains of aniline, 25 grams of formaldehyde (36 
per cent.), 840 grams of alcohol, 88 grams of solid sodium hydr.- 
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oxide, 25 grams of aqueous sodium hydroxide (D 1'38), and 150 
grains of zinc dust were vigorously stirred together. The reaction 
was complete in seven and a-half hours at about 60°, and the yield 
of methylaniline was 46-5 per cent, of the theoretical. 


Reduction of %-Diph e. nyhnet hyl e n edict min e.. 

Thirty grams of $-diphenylmethylenediamine, 125 grams of 
sodium hydroxide solution (D T38), 75 grains of zinc dust, 500 c.c. 
of water, and 25 grams of alcohol were mixed and vigorously stirred 
for ten and a-half hours at 70—90°. When a portion dissolved to 
a clear solution in dilute acetic acid (in which s-diphenylmethylene- 
diamine is but sparingly soluble), the products were distilled in a 
current of steam. 

Twenty-two grams of mixed bases were obtained, which gave 
13 grams of phenylmethylnitrosoamine, corresponding with a yield 
of 10’2 grams of monomethylaniline. From the diazonium chloride 
solution, TO grams of phenol were isolated, corresponding with 
10 grams of aniline. 


Reduction of the Condensation Product of Formaldehyde and 
Monomethylaniline , 

Fifty grams of monomethylaniline, 19 grams of formaldehyde 
(36 per cent.), and 5—10 c.c. of aqueous sodium hydroxide were 
mixed, well shaken, and allowed to remain overnight. 

The condensation product was separated by extraction with ether 
and reduced with a mixture of 150 grams of zinc dust, 1000 c.c. 
of water, 60 grams of methyl alcohol, and excess of sodium hydr¬ 
oxide solution at about 80°. After one and a-half days, the bases 
(44 grains) were removed by steam distillation. Nitrosification 
showed the product to contain 35 grams of monomethylaniline, 
whilst 9 grams of p-nitrosodimethylaniline hydrochloride were 
obtained. 


The Interaction of Aniline Hydrochloride and Methyl Alcohol 
in an Autoclave and in- Sealed Tubes. 

In these experiments, the methylaniline was determined as the 
nitrosoaniine and the aniline as phenol after decomposition of the 
diazonium salt. Dimethylaniline was separated and weighed as 
p-nitrosodimethylaniline hydrochloride, hut as some of this always 
remained in solution, the'figures for the tertiary base are low. 
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In experiment 8, aniline (140 grains) and sulphuric acid (16 
grams) were used instead of aniline hydrochloride. Experiments 
9—13 were made in sealed tubes, and in Nos. 11, 12, and 13 acetic 
acid (12 grams) was added. 


Percentage yield 

Aniline Time --‘- 


Experi¬ 

hydro¬ 

Methyl 

Tempera¬ 

- in 

Aniline. 

Methyl- 

Dimethyl- 

ment. 

chloride. 

alcohol. 

ture- 

hours. 

aniline. 

aniline. 

1 

110 

32 

180 0 

21- 

— 

48*0 

— 

2 

110 

32 

180 

24 

27-0 

51-5 

—. 

3 

110 

32 

180 

2.1 

25’5 

53-0 

16-5 

4 

220 

64 

180 

24 

36-0 

52-0 

7-0 

5 

220 

64 

190 

above 

5|- 

34-0 

55-0 

7-0 

6 

220 

64 

ISO 

44 

26-0 

53-0 

10-0 

7 

220 

96 

180 

3' 

— 

45-0 

20-0 

8 

140 

84 

190 

41 

32-0 

40-5 

16-0 

9 

22 

6-4 

180 

3“ 

19-0 

58-0 

11*0 

10 

22 

7-0 

175 

6 

13-0 

54-0 

130 

11 

22 

6-4 

170 

5 

— 

56-0 

— 

12 

22 

6-4 

225 

3 

— 

41-0 

— 

13 

22 

6-4 

220 

3 

— 

47-5 

— 


Methylation of Aniline under other Conditions , 

(1) Twenty-six grains of aniline hydrochloride, 7 grams of methyl 
alcohol, and 25 c.c. of hydrochloric acid were heated in a sealed tube 
for six hours at 200—210°. Nitrosoamine==13*5 grams; yield of 
methylaniline=49*5 per cent. 

(2) Thirty-six grams of aniline zincichloride and 6‘4 grams of 
methyl alcohol were heated in a sealed tube for seven hours at 
180°. Nitrosoainme=7*o grams; yield of methylaniliue = 28 per 
cent. 

(3) Twenty-two grams of aniline hydrochloride, 6*4 grams of 
methyl alcohol, and 15 grams of anhydrous calcium chloride were 
heated at 160° for three hours. Nitrosoamine = 10 grams; yield of 
methylaniline=43 per cent. 

(4 and 5). Twenty-eight grams of aniline (in the presence of 
0-2 gram of iodine) were heated in one case with 10 grams, in 
another with 6‘5 grams, of methyl alcohol for nine hours at about 
220° (Knoll and Co., D.R.-P. 250236). In both cases, nitroso- 
amine=15 grams. Yield of methylaniline = 42 per cent. 


The Dern ethylation of Dim e til plan ilin e. 

First Series .—Interaction between aniline hydrochloride (13*0 
grams) and dimethylaniline (12*0 grams) in molecular proportions 
in sealed tubes. 
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Time 

Nitroso- 

Percentage yield of 

Experiment. Temperature. 

in h our.?.. 

amine. 

monomethylaniline 

1 ISO" 

G 

12-5 

46 

2 200 

G 

15*0 

55 

3 230—23a 

5.1 

15-0 

55 


Second Strie,*.- -Internctimi between dirnethylaniliue hydro¬ 
chloride (31*5 grams) and aniline (18-u grams) in molecular pro¬ 
portions in sealed tubes." . 


Time 

Experiment. Temperature, in hours. 

1 180° 3 

2 180 6 

3 1 200 13 


Nitruso- Percentage yield of 
amine, inonomethylaiiiline 
4 14-5 

11*5 21-0 

28-0 51-0 


1 In Experiment 3 about 5 grams of a white solid separated on diluting the 
contents of the tube. This melted indefinitely at 144°, and after crystallisa¬ 
tion from light petroleum indefinitely at about 160°. It was only superficially 
examined, aud appeared to be a tertiary halogen-free base, possibly containing 
methyl groups in the benzene nucleus. 


When 12 grams of dimethyl aniline and 9o grams of aniline 
(molecular proportions) were heated for three hours at 220°, prac¬ 
tically no monomethylauiline was produced. 

Demethylation was found to occur when the two hydrochlorides 
were heated for three hours at 180°; thus, 13 grams of aniline 
hydrochloride and 15‘S grams of dimethylaniline hydrochloride 
(molecular proportions) gave 5*5 grams of the nitrosoamiue, corre¬ 
sponding with a 20 per cent, yield of monomethylauiline. 


The Separation of Aniline and If an am ethyl aniline lining Zinc 
Chloride. 

A mixture, of aniline amt m on omethylaniline was treated with 
an aqueous solution of anhydrous zinc chloride. The precipitate 
was collected aud thoroughly washed with light petroleum. After 
evaporation of the solvent, the residue of crude methyl aniline was 
weighed and converted into the nitroso-derivat-ive, which was 
removed from the mixture by extracting three times with ether, 
dried, and weighed. 

The acid liquid which remained after the removal of the nitroso- 
amine, and contained traces of henzenediazonium chloride, was 
heated, saturated with salt, the phenol extracted with ether, and 
finally weighed. The aqueous filtrate from the zincichloride pre¬ 
cipitate contained practically no aniline or methylaniline hydro¬ 
chlorides. 

* In Experiment 1 half these quantities were employed. 
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The accuracy of this .method was checked by regeneration of the 
aniline from a given weight of the zineichlorule 

Analytical Results. — Taken: Aniline 20 grams, methylaniline 
20 grams, fused zinc chloride 22 grams, water 50 c.c. 

Obtained: Zincichloride, 37 grains, whence aniline—19-2 grains. 
Phenylmethylnitrosoamme, 23'7 grams, whence methylaniline = 
18’7 grams. Phenol, 0-25 gram, whence aniline = 0'25 gram. 

There was also obtained 0*5 gram of bases from the aqueous 
filtrate from the zincichloride. 

The University, 

Birmingham. [Received, February 6 Ik, 1919.] 


XXIV .—Equilibria in the Reduction of Oxides by 
Carbon. 

By Roland Edgar Slade and Geoffrey Isherwood Higson. 
Equilibria of some reactions of the type: 

metal oxide + carbon ^ carbon monoxide + metal 
or 

metal oxide + metal carbide —- carbon monoxide + metal 
have been investigated. 

In either of the above systems there are three components, 
namely, metal, carbon, and oxygen, and four phases, namely, 
metal, metal oxide, carbon (or carbide), and carbon monoxide (gas). 
The number of degrees of freedom is thus 3 + 2 — 4 = 1. Therefore 
at one temperature there is one pressure of carbon monoxide which 
determines the equilibrium of the system 

The following experimental method was adopted. A small 
quantity of the metal was heated in a vacuum to a certain tempera¬ 
ture, and carbon monoxide was then admitted until the pressure 
was greater than the equilibrium pressure. The reaction pro¬ 
ceeded in the direction from right to left, and carbon monoxide 
was absorbed until the equilibrium pressure was attained. Some 
carbon monoxide was then removed, when the reaction proceeded 
from left to right until the equilibrium pressure was again attained. 
If the carbon formed in the first part of the experiment did not 
remain as a separate phase either as a carbon or as a carbide, but 
formed a solid solution with the metal, there would be only two 
solid phases present with the gas phase; the system would there- 
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for© have two degrees of freedom, and the pressure of carbon mon¬ 
oxide would depend on the relative amounts of metal and carbon 
present, as well as on the temperature. When the equilibrium 
was attained from left to right, there was less carbon monoxide 
present than when the equilibrium was attained from right to left, 
therefore the equilibrium pressures would have been different in 
these two cases if there were only two solid phases present. 

The equilibrium may be calculated from the heat of reaction by 
making use of the Nernst heat theorem. In the reaction 

M + CO=MO + C + Q t . (1) 

where M is the weight in grams of any metal combining with 
16 grams of oxygen, and Q t is the heat of reaction; in all cases 
Qt is positive, so that increase in temperature will cause the form¬ 
ation of M + CO. That is to say, p m increases with the tempera¬ 
ture. This quantity of heat, Q t , may be considered as the differ¬ 
ences of two quantities of heat, and Q 2 , for if we write 

M + 0 = M0 + <? 1 .(2) 

C0 = C + 0+<? 2 .(3) 

then, on addition, M + GO = MO + C+ (<?] + # 2 ). Q 2 , the heat of 

dissociation of carbon monoxide, is —29,000 calories, therefore 

Qt— $i — 29,000 .(4) 

Neglecting terms containing T*, the Nernst heat theorem requires 
that 

H'iho = +1-75 log T+ 2-6 . . . (5) 

where Q 0 is the heat of reaction at absolute zero. 

The thermodynamic constant used for carbon mouoxide is the 
value given by Weigert in Abegg’s “ Handbuch.” The relation 
between Q q and Q t is given by the equation 

Qo=Qt+3‘5T .( 6 ) 

Limits of the Investigation .—The equilibrium mentioned above 
could only be determined at temperatures at which the 
equilibrium, 

2C0^C0 2 + C, 

is practically completely in the left-hand direction. Rhead and 
Wheeler (T., 1910, 97, 2187; 1911, 99, 1140) have investigated 
this equilibrium, and from their results it is possible to calculate 
the partial pressure of carbon dioxide in equilibrium with carbon 
monoxide at 760 mm. or 50 mm. These values are given in 
table I. 
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Table I. 



Pressure of carbon 

Pressure of carbon 


dioxide in mm. 

dioxide in mm. 


when pressure of 

when pressure of 


carbon monoxide 

carbon monoxide 

Temperature. 

is 760 mm. 

is 50 mm. 

850° 

53-8 

0-23 

900 

17-6 

0-070 

1000 

4-6 

0-0020 

1100 

0-90 

0-00082 

1200 

0-46 

0-00020 


From these figures, it is seen that if the equilibrium pressure is 
as low as 50 mm., there is no complication due to the presence of 
carbon dioxide at temperatures from 850° upwards. If, however, 
the pressure is as great as 760 mm., the amount of carbon dioxide 
present is appreciable up to 1200°. If a carbide is present instead 
of free carbon, the ratio of carbon dioxide to carbon monoxide 
w T ill be greater, for we have 
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and p c (partial pressure of carbon vapour) will be lower over a 
carbide than over carbon. 

In all our experiments, the equilibrium pressures were sufficiently 
low and the temperature was sufficiently high for the pressure of 
carbon dioxide to be negligible. 

The metals with which we could determine the above equilibrium 
were only such as would fulfil the following conditions: (1) The 
metals must not he volatile at the temperature of the experiments. 
At these temperatures, the vapour pressure of the metal should 
certainly not be more than 0-25 mm., or it will distil rapidly on 
to parts of the platinum tube which are at a somewhat lower 
temperature, and probably attack the platinum. Platinum tubes 
were, in fact, destroyed by the volatility of boron and manganese. 
(2) The equilibrium pressure must not be greater than 50 mm. at 
850°, or the quantity of carbon monoxide in the gas phase will 
be appreciable. (3) The equilibrium pressure must be sufficiently 
great to be measurable. It must be at least 1 mm. at 1300°. 
Applying the Nernst heat theorem to the equilibrium, we should 
only expect those elements of which the heat of oxidation, per gram- 
atom of oxygen, lies between 75,000 and 114,000 calories, to give 
an equilibrium pressure measurable in our apparatus. Of sub¬ 
stances with known heats of oxidation, only silicon, boron, and 
manganese lie within this range. The only likely metals for which 
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the heats of oxidation were unknown, and which, were readily 
obtainable, were vanadium, tantalum, and chromium. 

Apparatus .—The furnace, which has been described by Slade 
(Free. Sop. .S'oc., 1912, [,1], 87, 519), consists of a platinum tube 
2 cm, in diameter heated by a current of 300 to 400 amperes at 
2 to 4 volts. The furnace is placed in a vessel which can be ex¬ 
hausted to prevent the platinum tube from collapsing under the 
pressure of the atmosphere.- A silver capillary tube is used to ^ 
connect the furnace with the glass tube leading to the pressure 
gauge. The temperatures were determined by means of a 
platinum platinum (99 per cent.)—rhodium (10 per cent.) thermo¬ 
couple. The couple was. calibrated up to the melting point 
of copper, 1083°, and higher temperatures were determined by 
extrapolating by means of the formula 

log e = 1*22 log t —2*65, 

where t is expressed in degrees centigrade and c in millivolts. The 
cold end of the couple was kept at 0°. 

It was found to be impossible to use a platinum boat for any 
of the substances investigated, for although the temperatures were 
well below their meltiug points, they were rapidly alloyed with 
platinum. Accordingly, boats of unglazed Royal Berlin porcelain 
were employed. 

Pressures were read on a mercury vacuum manometer, behind 
which was a glass millimetre scale illuminated by a lamp and a 
milk-glass screen. The readings were made with a telescope, and 
wei'e accurate to +0*05 mm. 

The carbon monoxide was prepared by running pure formic acid 
into concentrated sulphuric acid at 70—80°. The gas, which was 
first passed through a long tube of soda-lime and then through a 
similar tube of phosphoric oxide, was collected and stored over 
mercury in a vessel of 1 litre capacity. 

The gas was led from the reservoir to the furnace and pressure 
gauge by means of a tube, in which were placed two taps separated 
by a capillary tube of such dimensions that the volume between 
the two taps was 0'2 c.c. By filling this tube with carbon mon¬ 
oxide at the ordinary temperature, then closing one tap and open¬ 
ing the other, 0*2 c.c. of carbon monoxide was allowed to flow into 
the exhausted furnace and the tubes connecting the furnace to the 
gauge and pump. The total volume of this part of the apparatus 
was about 50 c.c., and when the furnace was heated to about 
1200°, its effective volume was about 30 c.c., so that the introduc¬ 
tion of 0*2 c.c. under a pressure of one atmosphere caused a rise 
0*2 

of pressure of -gy atmosphere, or about 5 mm. of mercury. 
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In most of the experiments, 0-1 gram of the metal under investi¬ 
gation was introduced into the boat. That this was sufficient may 
be seen from the following considerations. 

If the reaction is 

3d. + CO = MO + G\ 

where M is two equivalents of an element, then two gram-equi¬ 
valents of the element would react with 22,400 c.c. of carbon mon¬ 
oxide. If the pressure in the furnace was 60 mm., which was the 
maximum pressure used in several cases, the volume of gas con¬ 
tained in the furnace was 2'4 c.c. when measured at N.T.P., there¬ 
fore to absorb all this gas, ..^ A-x 2 = 2‘2 x 10~ 4 gram-equivalent 

of the element would be required. If the equivalent were as great 
as 100, only 0-02 gram would be required. The metal was usually 
broken into small pieces, as the velocity of the action must be 
proportional to the surface exposed. 

Experiments with Vanadium .—As vanadium is a very refractory 
substance and is difficultly reducible (that is, the oxide has a high 
heat of formation), it was decided to attempt to measure the reduc¬ 
tion equilibrium. 

Some preliminary experiments "were made on the action of 
vanadium on platinum and the melting point of vanadium. The 
vanadium wds placed, in very small pieces (about 0*5 mm. in 
diameter and less), on a platinum strip which was heated in an 
atmosphere of hydrogen by an electric current. At 1400°, the 
vanadium adhered to the strip when the heating had been carried 
on for some three minutes. The temperature was determined by 
means of a Wanner pyrometer, correction being made for black- 
body radiation of the platinum. In another experiment, the strip 
was dusted with powdered vanadium and heated rapidly until it 
fused at one point. Examination under the microscope showed 
that the vanadium had then fused into globules just round the 
portion of the strip which had fused. The melting point of this 
vanadium is therefore just below the melting point of platinum, 
namely, 1760°. The vanadium had been prepared in the electric 
furnace, and contained 4'6 per cent, of carbon. The carbon prob¬ 
ably exists as the carbide, VC, and may be present in solid solu¬ 
tion, although the fact that so much carbon is present makes it 
seem probable that the carbide exists as a separate phase. 

Experiments.— 1 0*0636 Gram of the metal was placed in an un¬ 
glazed porcelain boat in the platinum tube furnace. The furnace 
was exhausted and left for sixteen hours, when no rise of pressure 
was noticeable. The temperature was raised to 1000°, and the 
occluded gas from the boat pumped off; 0*2 c.c. of carbon man- 
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oxide was then admitted, and this raised the pressure to 6 mm., 
at which it remained. Therefore the equilibrium pressure was 
greater than this, or the velocity of reaction at this temperature 
was very small. The latter was found to be the case, for when 
the pressure of carbon monoxide had been increased to 60 mm., 
there was still no reaction. The temperature was then raised to 
1340°, and maintained at this temperature for four and a-half 
hours. During this time, the pressure fell at first rapidly, and 
finally became steady at 1*7 mm. The temperature was then 
reduced to 1145°, where it was maintained for thirty minutes. 
The pressure fell rapidly to 0*55 mm., where it remained constant. 
The temperature was then lowered to 900°, when the pressure fell 
only to 0*2 mm. 

On the following day, the furnace was heated to 1340° and the 
temperature kept constant. In one hour the pressure rose to 
1*2 mm., at which it remained constant for three and a-half hours. 

The equilibrium pressure at 1340° was therefore between T7 
and 1*2 mm. The mean of these values is 1*45 mm. At lower 
temperatures, the equilibrium was attained too slowly to he deter¬ 
mined. 

The reaction is probably 

YO + YC -> 2Y + CO + Q. 

The value 

Pea ~ atm - 1340° 

7o0 

gives, by the Nernst heat theorem, the value 
$ 0 =80,875 cals. 

Substituting this in equation (o), we find that 
y co =l atmosphere at 1827°. 

This is the temperature at which vanadium oxide would be reduced 
by the carbide under a pressure of one atmosphere. 

There is no direct evidence as to the heat of formation of 
vanadium carbide, that is, of the reaction 

Y+ C —> YG, 

but usually the heats of formation of carbides are small (Warten- 
berg, Zeitsch . anorg. Chem., 1907, 52, 299), that is to say, not 
greater than 2000—3000 calories per gram-atom of carbon. If 
this heat of formation of the carbide is neglected, an approximate 
value of the heat of oxidation of vanadium at 20° can be obtained; 

Y + 0=YO +111,000 cals. 



REDUCTION OF OXIDES BY CARBON. 211 

A 

Not much trust can be placed in this value, however, for the carbide 
may be in solid solution in the metal and not as a separate phase. 

Experiments with Tantalum .—The tantalum used was a portion 
of a specimen obtained from the late Dr. Werner von Bolton, and 
used by von Hevesy and Slade to determine the electrode potential 
of tantalum. It was in the form of a rolled sheet about 025 mm. 
thick. As only a small quantity of the metal was available, 0-035 
gram was used in each experiment. If the tantalum was oxidised 
to the oxide, Ta 2 0, this metal would absorb 3*5 c.c. of carbon 
monoxide. In the first experiment, with tantalum, the metal was 
in the form of one piece of sheet. At 1000°, 2 c.c. of carbon 
monoxide were admitted (p = 60 nun.); the pressure fell, and in 
two hours became constant at 0'7 mm. The temperature was then 
raised to 1200° and 0*6 c.c. of carbon monoxide was admitted, so 
that the pressure was raised to 14 mm. As the pressure did not 
fall, more carbon monoxide was admitted until the pressure was 
40 mm., but there was still no action. The furnace was therefore 
exhausted, but no appreciable rise in pressure took place in two 
hours. It therefore seemed probable that the constant pressure of 
0‘7 mm. obtained at 1000° was not a true equilibrium pressure, 
but that the equilibrium pressure, even at 1200°, was very low 
indeed. 

In the next experiment the same quantity of metal was used, 
but it was cut into as many strips as possible, in order to increase 
the surface. After pumping out all gases from the boat at 1150°, 
0-4 c.c. of carbon monoxide was admitted, so as to raise the pressure 
to about 13 mm. In half an hour the pressure fell to 0‘2 mm., 
and then became constant, and remained so for half an hour. 
An attempt was now made to reach the equilibrium from the low 
pressure side. The furnace was exhausted and the temperature 
was raised to 1270°. In four hours the pressure rose slightly 
above 0'1 mm. (perhaps 0-12 nun.), and remained constant for 
about three hours. Carbon monoxide (about 0T c.c.) was then 
admitted to raise the pressure to 2'5 mm., and in one hour the 
pressure fell to 0-1 mm. This value is therefore the equilibrium 
pressure at 1270°. 

It "was impossible to determine the equilibrium at a higher 
temperature, because at this stage of the work the platinum tube 
had become weakened and slowly collapsed when kept exhausted 
for several hours at 1270°, although the external pressure on the 
tube was only 30—40 mm. of mercury. 

Experiments with• Chromium .—The temperature of reduction of 
chromium sesquioxide was determined by Greenwood (T., 1908, 93, 
1438), who found that this oxide was reduced at 1195° under a 
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pressure of 2 mm. The boiling point of chromium is 2200° (Green¬ 
wood), and from this value tlie vapour pressure of liquid chromium 
can fce calculated to be O'OT mrn. at 1000°, 0 - 078 mm. at 1100°, 
0-7 mrn. at 1200°, and M2 mm. at 1300°. It was therefore not 
safe to heat chromium to a much higher temperature than 1200° 
in the platinum furnace. 

The chromium had been prepared by the Goldschmidt method, 
and therefore contained a trace of aluminium. As aluminium is 
easily and completely oxidised by carbon monoxide, it is probable 
that it would only have a very slight influence on the equilibrium. 

0-45 Gram of metal, in the form of a coarse powder, was used 
in the first experiment. The furnace was heated to 936°, and all 
adsorbed gases were pumped out. Carbon monoxide was then 
admitted until the pressure was 100 mm. In nine and a-half 
hours the pressure fell to 22 mm., but did not appear to be 
approachiug a steady value. After remaining for eighty-five hours, 
the furnace was heated to 1010° and carbon monoxide admitted 
until the pressure was 50 nini. In six hours the pressure fell to 
0*75 mm., and appeared to be constant. After eighteen hours, the 
temperature was raised to 1292°, and carbon monoxide admitted 
until the pressure was 63 mm. In forty-five minutes the pressure 
fell to 6-2 mm., and remained constant. Carbon monoxide was 
then pumped out until the pressure fell to 5 mm. In fifteen 
minutes the pressure rose to 6*2 mm., and remained constant. The 
temperature was then raised to 1339°, and in twenty-five minutes 
the pressure had risen to 9-1 nun., and become constant. The 
furnace was then cooled, and next clay was heated to 1339°. In 
twenty minutes the pressure rose to 9*2 mm. The furnace was 
now cooled to 1292°, and carbon monoxide was pumped off until 
the pressure was less than 1 mm. In an hour the pressure became 
constant at 4*4 mm. The furnace was cooled, and the next day 
was heated to 1292°; the pressure rose to 4*4 mm. Carbon mon¬ 
oxide was then admitted until the pressure was 8-8 mm. In forty- 
five minutes the pressure fell to- 4*4 mm. The temperature was 
now raised to 1339°, when the pressure rose to 9*2 mm. In the 
figure are given some of the time-pressure curves obtained. These 
show how accurately the results could be reproduced. 

A new sample of chromium (0*45 grain) was now introduced into 
the furnace, and the temperature was raised to 1292°, carbon mon¬ 
oxide being admitted until the pressure was 15 mm. In twenty 
minutes the pressure fell to 6*2 mm., and remained constant at 
this value for one hour. The temperature was then raised to 
1339°, and the pressure rose to 9*1 mm., but the platinum tube 
began to leak, owing to its being attacked by the chromium, which 
had distilled on to it during this and former experiments. 
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Table II shows the values for the equilibrium pressure obtained 
with chromium. All these equilibrium pressures were obtained 
twice from each side. The high value at 1292° is the value 
obtained when the furnace had not been raised to a higher tempera¬ 
ture. After the temperature had been raised to 1339° and lowered' 
again to 1292°, the equilibrium pressure was 4'4 mm,, and this value 
could be obtained again and again. Since chromium easilv forms 
a carbide, it is probable that the reaction taking place was 
r.Cr + CO = GT.,C-t CrO + Q. 



0 12 3 112 3 

Time in hours. 


Calculating the heat of reaction per gram-atom of oxygen at 1315° 
from the Nernst formula and the van't Hoff formula, the values 
given in table II are. obtained. 


Table II. 

Pressure of 

carbon monoxide Q t calculated, 
Temperature, in. mm. Yernst. 

1292° 6-2 73,600 

1339 9-2 69,200 \ 

1292 4-4 ' 69,200/ 


Qt calculated, 
van’t Hoff. 

77,000 


The value 77,000 calories is .the heat of reaction calculated from 
the integrated form of the van*t Hoff equation, 

Qt = ~ 4-571 (log - logjpO^L. 

In this method of calculating Q t , aii error of 0-1 mm. in the deter¬ 
mination of the equihbrium at 1292° . would make a difference of 
a little more than 1000 calories in the value, of Q t - The assump¬ 
tion on which this formula is based, however, is only that the heat 
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of reaction does not change appreciably between the two tempera¬ 
tures. That two different values were obtained for the equilibrium 
at 1292°, according to whether the furnace had been heated up to 
1339° or not, must be explained by supposing that the substances 
in equilibrium were different in the two cases. It is very improb¬ 
able that- the first value is due to the presence of a trace of 
aluminium in the metal, for the presence of aluminium would be 
expected to lower rather than to raise the equilibrium pressure, 
and in the two experiments in which the pressure was 6'2 mm., 
very different amounts of carbon monoxide had been absorbed by 
the same amount of metal. In the first experiment, 6—7 c.c. of 
carbon monoxide, and in the second case only 0-6 c.c., were 
absorbed. 

The equilibrium in the gas phase is represented by 
p co = 

Quintal 

The change in the system caused by raising the temperature to 
1339° was to give a lower equilibrium pressure at 1292°, and this 
must be due to (1) increase in the partial pressure of chromium, 
(2) lowering of the partial pressure of the carbide, or (3) lowering 
of the partial pressure of the oxide. 

Case (1) might be caused by the existence of a transition point 
of chromium between 1292° and 1339°. At first, the metal is in 
the a-form, stable at lower temperatures; on heating, the metal 
would change to the other, or j8-form, and on cooling to 129^'-- 
would not revert to the a-form, but remain in the unstable £-forni, 
which would have a higher vapour pressure than the a-form. 

Case (2) might be caused by the formation of an unstable carbide 
in the first instance, which on heating to 1339° changes into the 
stable form. On cooling now to the lower temperature, the un¬ 
stable carbide is not formed in the presence of the more stable one. 

Case (3) might be caused by the chromium oxide combining with 
the silica in the boat to form a silicate, but this reaction should 
not be different after the furnace had been raised to the higher 
temperature. The first explanation seems the more probable. 

This investigation was carried out in the Muspratt Laboratory 
pf Physical Chemistry, University of Liverpool. 

British Photographic Research Association Laboratory. 

[Received, February 14th, 1919.] 
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XXY. —The Dissociation Pressures of some Nitrides. 
By Roland Edgar Slade and Geoffrey Isherwood Higson. 
Equilibria of the tvpe 

2M + No — 2MN, 

where M is three equivalents of a metal, have been investigated. 
In this system there are two components, namely, metal and 
nitrogen, and three phases, namely, metal, nitride, and nitrogen. 
The number of degrees of freedom is thus 2 A 2 — 3 = 1, and there¬ 
fore at one temperature there is one pressure of the nitrogen which 
determines the equilibrium of the dissociation. If the nitride dis¬ 
solves in the metal as a solid solution, there are only two phases, 
and the number of the degrees of freedom is therefore two. The 
equilibrium will then be determined, not only by the pressure of 
the nitrogen, but also by the composition of the solid phase. 
Applying the Nernst heat theorem to the equilibrium 
M+pr 2 =MN-H?, 

where Q is the heat evolved when half a gram-molecule of nitrogen 
combines with the metal, we have 

logfc-T+2-6 

and 

<?,= <? 0 -3-5T, 

where Q u and Q t , respectively, are the heats of reaction at absolute 
zero and some other temperature, T. As the heats of formation 
of the nitrides investigated were unknown, it is impossible to apply 
these equations to determine the value of p Nj , but it will be seen 
that the pressure of nitrogen at 1127° would be 1 mm. if the heat 
of formation of the nitride were 70,600 cals, and 60 mm. if the 
heat of formation were 59,000 cals. 

Experimental. 

The furnace used for the determination of the equilibria is 
described in the preceding paper. 

Nitrogen was prepared by heating a solution containing 
ammonium chloride, potassium nitrate, and potassium dichromate. 
The dichromate served to oxidise any oxides of nitrogen to nitric 
acid, which was absorbed by passing the gas through a long tube 
of soda-lime. The nitrogen was then dried by passage through a 
long tube of phosphoric oxide. 

The equilibria were determined by heating small quantities of 
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the metal to a known temperature, introducing nitrogen into the 
furnace, and determining the value to which the pressure fell. 
Nitrogen was then pumped out, and the equilibrium was determined 
from the low-pressure side. 

Vanadium ..—This metal is known to form two nitrides, VN 
and VNo. 

At 1203°, the equilibrium pressure was found to be slightly less 
than 0'2 mm., and at 1271° slightly less than 1*5 mm. The equil¬ 
ibrium pressure is somewhere near these values, but equilibrium 
was attained very slowly, and it was impossible to heat the platinum 
tube in use at that time to a higher temperature. 

Boron .—An attempt was made to determine the dissociation 
pressure of boron nitride at 1100° and 1240°. 

At 1100°, the velocity was too low for the equilibrium to be 
determined. At 1240°, the pressure of nitrogen fell from 26'4 mm, 
to 9 - 4 mm. in six hours, and appeared to he approaching the con¬ 
stant value of about 9 mm., but- the boron attacked the platinum 
tube and caused it to leak, so that further experiments could not 
be made. 

Tantalum .—Tantalum is known to form two stable nitrides, TaN 
and Ta s N 5 . In our experiments, it is probable that the lower 
nitride, TaN, was formed. 

When the metal was heated at 1170° in nitrogen under 15 mm. 
pressure, the gas was slowly absorbed until the pressure fell to 
0'5 mm. The furnace was then exhausted, to 0'05 mm. The 
pressure rose in two hours to 0 - 4 mm. 

In another experiment, at 1308°, the pressure fell from 9 nun. 
to l - 2 mm. in one and a-half hours, and remained constant for half 
an hour. The furnace was then allowed to cool. Next day it was 
completely exhausted, and again heated to 1308°. The pressure 
rose to 0'8 mm., and remained constant at this value for two hours. 


Summary of Results. * 


Tempera¬ 

ture. 

Vanadium 1203° 
1271 

Boron' ... 1222 

Tantalum 1170 
1308 


Pressure of nitrogen. 
Not greater than 0-2 mm. 

„ 1-5 . „ 

„ „ 94 „ 

0-4—0*3 mm. 

0-S—1-2 „ 


Heat of f ormation of nitride, 
that is, Q n , calculated from 
Nernpt’s formula. 

79.200 cals. 

77.200 „ 

About 69,000 „ 

74,700—75,500 cals. 
79,900—82,800 „ 


This investigation was carried out in the Muspratt Laboratory 
of Physical Chemistry, University of Liverpool. 

British Photographic Research Association Laboratory. 

[Received, February 14th, 1919.] 
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XXVI.— Nitro-, Arylazoand Amino-ybjoxcdines. 
By Bobekt George F argue i; and Frame. Lee Ptilvn. 


This investigation was "begun with the object of effecting the 
synthesis of purine derivatives by a method complementary to 
those which have been employed hitherto. In these, the 
pyrimidine nucleus is first built up and the glyoxaline ring closed 
subsequently. We proposed to prepare 4-aminogiyoxaline-5-carb- 
oxylic acid,- condense it with cyanic acid, and eliminate water 
with the production of xanthine. 


GUH-C-Nlf 

nh 2 -c~^^ gh 


3dH 0 COJEL 
CO 

NH—C—hT 


>on 


]S T H-C0 

-CO C'KE. 
i n 
3SH-0—N 


>CH. 


Such a synthesis would be of interest in view of the suggestion 
that purine derivatives originate from histidine in the animal body 
(compare Hopkins, T,, 1916, 109, 629). 

Although the starting material for the proposed synthesis. 
4-aminoglvoxaline-5-earboxylic acid, was unknown, we did not 
anticipate that its preparation would offer any serious difficulty. 
We have, however, so far failed to obtain this substance, and now 
give an account of our attempts to prepare this and other amino- 
substituted glyoxalines. 

An account of the investigation may be subdivided under three 
headings: first, the preparation of the glyoxalines and their carb¬ 
oxylic acids, which were required as starting materials; second, 
the preparation and properties of nitroglyoxalines; and last, the 
preparation and properties of arylazoglyoxalines. 

(1) The Preparation o-f Glyoxalines and their Carboxylic Acids. 
-—For the purpose of this investigation, it was necessary to prepare 
considerable quantities of gIyoxaline-4:5-dicarboxylic acid, the 
most convenient source of glyoxaline. This acid was first prepared 
by Maquenne (Ami. chini, phys., 1891, [vi], 24, 525), by mixing 
aqueous solutions of nitrotartaric acid and hexamethylenetetramine, 
adding ammonia, and allowing the mixture to become hot, and sub¬ 
sequently by Dedichen (Ber.> 1906, 89, 1835.), who replaced the 
hexamethylenetetramine by formaldehyde. We have carried out a 
large number of experiments on the. best conditions for the pre- 

* In glyoxalines containing a free iminorgroup, the 4- and o-positions are 
equivalent. 
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para lion of this acid, and find that to obtain a good yield it is 
essential that the reaction mixture should be kept cold. 

A number of experiments were carried out with the object of 
effecting the partial decarboxylation of glyoxaline-4: 5-dicarboxylic 
acid, and thus producing glyoxaline-4-carboxylie acid by a more 
convenient and economical process than that previously employed, 
where six operations are required in its synthesis from citric acid 
through 4-hydroxymethylglyoxaline (T., 1911, 99, 668; 1916, 109, 
186). When the acid is heated with water, 10 per cent, hydro¬ 
chloric acid, or concentrated hydrochloric acid, little decarboxyla¬ 
tion takes place below 180°, but above this temperature, the action 
proceeds more readily, glyoxaline being the main product, whilst 
a small proportion of glyoxaline-4-earboxylic acid can be isolated 
provided that the heating has not been too prolonged. When the 
acid is heated with an excess of concentrated ammonia at 180° to 
200°, the main product is glyoxaline,* and a similar result is 
obtained by heating the aqueous solution of the mono-sodium salt. 

The desired result can he obtained, however, by boiling the acid 
with aniline, when the anilide of glyoxaline-4-carboxylic acid is 
formed in a yield amounting to 45 per cent, of the theoretical. 
From this, the acid is readily prepared by hydrolysis. 


C0 2 H-C-NH 

0O 2 H*b—N 


>CH 


PhNH-CO-C' 




t> CH - 


CO.,H*C- N : 


For the purpose of orientation, it was necessary to prepare 
glyoxalines substituted in the 2-, 4:5-, and 2:4:5-positions. The 
2-alkylgiyoxalines were prepared by suitable modifications of 
Maquenne’s methods. From 2-methylglyoxaline-4:5-dicarboxylic 
acid, 2~mcthylglyaxaUne~Arcarhoxylic acid was obtained through its 
anilide . 

As representatives of 4: 5- and 2:4:5-substituted glyoxalines, 
4 :5-dimethylglyoxaline and 2:4:5-trimethylglyoxaline were pre¬ 
pared by modification of known methods. 

(2) JS/itroglyoxalines .—-The nitration of various glyoxalines has 
led to the formation of mononitroglyoxalines in the hands of 
several observers. In some case 1 the nitro-group evidently enters 
the 4-(or 5-)position, since no other position is vacant; for instance, 
in the nitration of 2-methylthiol-l-phenyl(and l-methyl)glyoxaline 

# ..We were unable to find any evidence of the formation of the iirude 
of glyoxaline-4: 5-diearboxylic acid, from which the desired 5-aminoglyoxaline- 
4-carboxylie acid might have been obtained by the action of hypobromous 
acid. 
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(I) (Wohl and Marckwald, Ber., 1888, 22, 568, 1353) and 2:4-di- 
methylglyoxaline (II) (Windaus, Ber., 1909, 42, 758): 


^ :>c . SJIe 


ca- 


■N 4 * 

(I.) 


ce-xh 

CMe-JS 

(II.) 


>CMe. 


The orientation of the nitro-group in nitroglyoxaline itself 
(Rung and M. Bebrend, Annalen, 1892, 271, 28; R. Behrend and 
Schmitz, ibid., 1893, 277. 338) and in nitro-4-methyiglyoxaline lias 
not been determined previously, but an indication that the latter 
contains the nitro-group in the 5-position is afforded by Winds.us’s 
observation (Joe. cit of its close similarity to 5-nitre-2 :4-dimethyl* 
glyoxaline. • 

Moreover, whilst 4- nitro-2-wetht/lf/lifoxaline is readily prepared, 
w© were unable to obtain a nitro-derivative of 4:5-dim ethyl- 
glyoxaline, for in this case part of the base was completely oxidised, 
whilst a considerable proportion remained unchanged, and the only 
isolable derivative was the nitrate of 4-methylglyoxaliue-5-carb¬ 
oxylic acid, which has been described by Gerngross (Ber., 1912, 
45, 509). 

The inability of a glyoxaline substituted in both the 4- and 
5-positions to form a nitro-derivative indicates that the nitro- 
glyoxalines contain the substituent in the 4-(or 5-/position. This 
view is confirmed by their behaviour on reduction. Wohl and 
Marckwald (Joe. cit.) attempted to reduce the 4-(or 5-)nitra-2- 
methyIthiol-l-phenyl-(and l-methyl)glyoxalines to the correspond¬ 
ing amines, but obtained only decomposition products, including 
methyl mercaptan. Similarly, we find that 4-nitro-2-methyI- 
glyoxalin© undergoes fission on reduction with tin and hydrochloric 
acid, two of the three atoms of nitrogen in the molecule appearing 
in the form of ammonia.* Since precisely the same result is 
obtained with nitroglyoxaline and nitro-4-methylglyoxaline, whilst 
it is shown below that 2-aminoglyoxalines are stable, it is clear that 
these nitre-derivatives are 4-nitroglyoxaline and 5-nitro -4-methyl- 
glyoxaline respectively. 

Before we had arrived at this conclusion, we were anxious to 
prepare some of the nitroglyoxalme-4-carbcxylic acid, which 
Windaus and Opitz (Ber., 1911, 44, 1721) obtained by the action 
of boiling 25 per cent, nitric acid on 4-jB-hydroxyethylglyoxaline. 

* The first stag© in the disintegration of. the 4-aminoglyoxalines is probably 
the elimination of the amino-group as ammonia, with the formation of a 
glyoxalone, for certain members of the purine group—also derivatives of 
4-aminoglyoxalin0— have been shown to undergo hydrolysis in this manner 
(compare, for instance, Tafel and Mayer, Ber., 1908, 41. 2540; Biltz, Ber., 
1910, 43, 1589). 
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These authors state that- the yield of 4-j8-hydroxyethylglyoxaline, 
obtained by the action of barium nitrite on 4-j8~aminoethyl- 
glyoxaliue hydrochloride, was so poor that the nitro-compound was 
not available in sufficient quantity for further study. It appeared 
to us, however, that this nitro-compound might be obtained by the 
action of nitric acid on other more readily accessible derivatives of 
glyoxaline containing a side-chain of carbon atoms in the 4-posi¬ 
tion, and in the first place we employed compounds containing 
two carbon atoms in the side-chains, like Windaus’s starting 
material. The results were disappointing; 4~j3-aminoethyl- 
glyoxaline, when boiled with 50 per cent, nitric acid for nine 
hours, was mainly recovered unchanged, whilst 4-cyanomethyl- 
glyoxaline was converted under the same conditions almost quanti¬ 
tatively into glyoxaline-4-acetic acid. Attempts to nitrate 
giyoxaline-4-carboxylic acid and glyoxaline-4 :5-dicarboxylic acid 
were likewise unsuccessful. The prospect of nitrating 4-hydroxy- 
methylg’lyoxaline was not hopeful, for it has been, shown previously 
(T., 1916, 109, 186) that hot concentrated nitric acid converts it 
into glyoxaline-4-formaldehyde and glyoxaline-4-carboxylic acid. 
It has now been found that the alcohol gives the same products 
when digested on the water-bath with fuming nitric acid, whilst 
it can be recovered almost quantitatively after boiling "with ten 
parts of 25 per cent, nitric acid for four hours. On the other 
hand, the nitration of 4-hydroxymethylglyoxalme with nitric and 
sulphuric acids gave rise to a product which was not obtained in 
crystalline form, but further study of this was omitted in view of 
the peculiar behaviour of the simple nitroglyoxalines on reduction. 

(3) Arylazofflyoitalines.—^ The constitution of the arylazo-deriv- 
atives of simple glyoxalines has not been settled hitherto. Rung 
and Behrend {Annalen, 1892, 271, 28), who first isolated benzene- 
a zoglvoxaline, considered it to be a cliazoimino-compound (I), 
because boiling acids decomposed it with the formation of nitrogen 

CH-N{N:NPh) , 

OH-S> tH ’ 

a.) ■ 

and' glyoxaline. Burian (Ber., 1904, 37, 696), who prepared many 
arylazoglyoxalines 'from diazobehzene-p-sulphonic acid and various 
glyoxalines, adopted the same view of the constitution of these 
compounds on other grounds, namely, because all the glyoxalines 
substituted in some or all of the 2-, 4-, and 5-positions which he 
examined coupled with the. diazonium salt, whilst 1-substituted 
glyoxalines did not. Pauly ( Zeitsch. physiol. Ckem., 1904, 42, 
508), however, pointed out the possibility that the arylazo- 
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glyoxalin.es were true ^'-azo-compounds (II) similar to those 
obtained from pyrrole, and later (ibid., 1815, 94, 284} attributed 
the probable formula (III) given below to the compound obtained 
by the action of rliazotised arsanilic acid on histidine, owing to its 
stability towards acids. Whilst in the ease of these simple 


ArN^-C-NH 

Uh-n> ch 

(H.) 

as0 3 h,-c,ii 4 -isi:n*c*nh , 

CO,H*CIT(N B,;cOH 2 -c!“-N' >C * C * H * A "° 3 ’■ 
(HI.) 


glyoxalines the orientation of the arylazo-groiip is uncertain, the 
constitution of the arylazopurines is known, for Hans Fischer 
(Zeitsch. 'physiol. Chem., 1909, 60, 69) has shown that the aryl azo¬ 
group enters the 8-position of the purine nucleus—the 2-position of 
its glyoxaline ring—by reducing arylazopurines to 8-ami nop urines. 

In view of this result, it appeared to us probable that the 
arylazo-derivatives of simple glyoxalines were also (7-azo-compounds, 
as Pauly suggested, and it was of interest to determine whether the 
■arylazo-groiip entered the 2- or the 4-position, and the nature of 
the products obtained on reduction. 

The- benzeneazoglyoxaline of Rung' and Behrend was first 
examined. By the method of these workers, it is obtained in poor 
yield, but by the action of benzenediazonium chloride on one mole¬ 
cular proportion of glyoxaline in an excess of aqueous sodium 
carbonate, it is readily obtained mixed with a little 2:4: b-tris- 
b e nzenea zo glyoxaline. ■ 2-Benzeneazog*lyoxaline melts at 190° 

(corr.), and it is therefore evident that the specimen prepared by 
Rung and Behrend, melting at 177—178°. was impure. The pure 
substance is reasonably stable towards boiling 10 per cent, hydro¬ 
chloric acid, for a considerable proportion can be recovered un¬ 
changed after two hours. 

The constitution of 2-benzeneazoglyoxaline (IV) was proved by 
reduction. With zinc dust, and hot acetic acid, it; yields'aniline 
and glycocyamidine * (V), the formation of the latter showing that, 
the benzeneazo-group is attached to the 2-position of the ring. 


<Jh- 


-hr 
(IV.) 


(V.) 


* The con version..of glyoxaline into glycocyamidine and 2-ammogIyoxalme, 
both derivatives of' guanidine, is of; .biochemical .interest, firstly,, because 
creatinine is the .V-methyl derivative of glyeocyamidine, and secondly, on. 
account of the : similar behaviour, of histidine and arginine in purine; metabolism 
(compare Hopkins, loo. dt.). . 
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This result is confirmed by the formation of a small amount of 
guanidine on. the reduction of 2-benzeneazoglyoxaline with stannous 
chloride. In this reduction, a small quantity of 2-nmin-oyhjoa'cilmc 
is formed and some aniline, but the main product is 2-n?nmo-4-p- 
aminophenylglyoxaline (VI), a compound resulting from a change 
of the benzidine type. It is also formed in small proportion in the 
reduction with zinc dust and acetic acid. 


NH, 


-C 0 HpC 

(VI.) 


F'S>c*nh 2 


CH-NH. 


jIH-NEk 

CH— 


CgH.-KH-C- 

(VII.) 

C*NH*C 6 H 4 *1sH 2 

(VIII.) 


'A _„>ONH_, 


Its constitution was proved by the oxidation of its diacetyl deriv¬ 
ative with potassium permanganate, when p^aeetylaminobenzoie 
acid was formed. This result eliminated the possibility that the 
compound had one of the two formulse (VII) or (VIII), represent¬ 
ing substances formed by a change of the semidine type. The 
occurrence of a rearrangement of the benzidine type in a five- 
membered heterocyclic nucleus seems remarkable at first sight, but 
a closer inspection of the formula shows that the conjugated system 
connecting the 2- and 5-carbon atoms of the glyoxaline ring is 
similar to that existing in the benzene nucleus. 


NH— 

-NH 


A 

\J 

C 

chI %/ > nh 

CH 

NH, G'NH, 

/V N j^\ 

— 1 nn >NH 

\J ca \/ 

' -c 


Whilst no other case of the benzidine type of change in a 
heterocyclic nucleus has been observed previously, so far as we are 
aware, Michaelis and Schafer ( Annalen , 1915, 407, 229) have 
obtained by the reduction of l-phenyl-3-methyl-4~benzeneazo- 
pyrazole (IX) the two isomerides (X) and (XI) which result from 
the two possible changes of the semidine type. 


NPh 

/\ 

H fF 

CMe-C-NINPh 

(IS.) 


NPh 

/\ 

X (2’NHPh 
CMe-ONH 2 


(X.) 


and 


NPh 

/\ 

N n H 

■CMe*C‘XH-C (3 H 4 *KH, 

(XI.) 


Owing to the formation of 2-amino-4-p-aminophenyIglycxaline 
in the reduction of 2-benzeneazoglyoxaline, the yield of 2-amino- 
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glyoxaline is small, so for the preparation of this substance the 
reduction of an arylazoglyoxaline containing a substituent in the 
para-position of the benzene nucleus was undertaken. 

2-p -Bromobenzeneazoglyoxaline is the main product of the inter¬ 
action of y-ororaobenzenediazonium chloride and glyoxaline in 
aqueous sodium carbonate, only a very small proportion of 
^-^-bromohenzeneazoglyovcdine being formed. The reduction of 
2-p-bromobenzeneazoglyoxaline with stannous chloride gave 
2-amino glyoxaline in a yield of 56 per cent, of the theoretical, 
together with aniline, guanidine, some 2-ammo-4-p-a:minophenyl- 
glyoxaline, and a small quantity of a base, C 9 H 9 K 4 Br, which is 
probably 2-5 f -hr omo-2'-aminoanilhioglyoxaline (compare p. 246). 

2-Aminoglyoxaline is a monacidic base yielding crystalline salts, 
but the free base has not- been obtained in a crystalline form. 


CH-NH 

CH— 

(XII.) 


(XIII.) 


For this compound, the tautomeric formulas (XII) and (XIII) 
are possible. The first is supported by the production of a red 
colour when the substance is mixed with sodium diazobenzene-//- 
sulphonate, and by the fact that, after treatment with nitrous 
acid, it couples with phenols. An indication that it can also react 
according to the formula (XIII) —which represents an unsaturated 
compound no longer containing the glyoxaline ring—is given by 
its behaviour towards permanganate, for 2-aminogIyoxaline and 
all the substituted 2-aminoglyoxalines described in this paper 
reduce cold aqueous acid potassium permanganate, and in this 
respect resemble the 2-thiolglyoxalines (compare T., 1911,99, 2173), 
whereas glyoxaline and its homologues are stable to this reagent, 
although they reduce alkaline permanganate, giving green 
solutions. ' 

2-Aminoglyoxaline yields a monoacetyl and a mmobensoyl deriv¬ 
ative, which are stable to cold aqueous acid permanganate. 

2-Aminoglyoxaline does not combine with benzalclehyde in acetic 
acid. solution.. Moreover, ■ 2 -amino-5 -/)-aminophenyl-4-m ethyl - 
glyoxaline (XVII) yields only a monobenzylidene compound under 
these conditions, doubtless 2-aminm5-/^benzylideneaminophenyl-4- 
methyiglyoxaline. .This behaviour,’therefore, serves to differentiate 
between . 2-aminoglyoxalines' and; homologues of aniline, : and is 
employed later in .the' determination of .constitution, ... 

. .The action of benzenediazonium chloride on 4-methylglyoxaline 
'proceeded.'-.quite differently, from- its action on glyoxaline. y Instead. 
;of the 2-substituted arylazo-compound being formed predominantly*-. 
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nearly equal quantities of %benzene,azo-^-methylglyoxaUne, 
b-benzeneazQ-A-methylgltjoitaline, and 2 : 5-bixbenzeneazo-k-methyl- 
glyoxaUne were obtained. The constitution of 2~henzeneazo i • 
metliylglyoxaline (XIV) follows from t-lie fact that it yields, on 
reduction with zinc dust and acetic acid, alacreatmin© (XV), a 
compound previously synthesised by Baumann (Annalen, 1873, 
167, 83) by the elimination of water from a-guanidinopropionic 
acid (XVI). 


CMe-NH 
CH- 

(XIV.) 


Ph 


OHMe-NH. 


>c:nh «- 

m n. 

(XV.) 


CHMe-NH. 

(XVI.) 


This change is precisely similar to the formation of glyco- 
cyamidine from 2-benzeneazoglyoxaline. 2-Benzeneazo-4-methyI- 
glyoxaline behaves in the same way as 2-benzeneazoglyoxaline on 
reduction with stannous chloride, the principal product of the 
reaction being 2 - amino - 5 - p - amino phenyl - 4 - methylglyoxaline 
(XVII), a compound having similar properties to 2-amino-4-p- 
aminophenyiglyoxaline. 


iXH 2 *C!,H 4 -C--KH 

CMe-N 

(XVII,) 


>o*nh 2 


PhN:N-C—NH S 


CH 


(XVIII.) 


The constitution of 5-benzeueazo-4-methylglyoxaline (XVIII) 
could not be proved directly as in the case of the 2-isomeride. On 
reduction, aniline and a considerable amount of ammonia were 
formed, together with other products, which included a base, 
Oj)H 10 ON 2 (p. 254), when stannous chloride was employed as the 
reducing agent, and a base, C 1( ,H n ON s (p. 255), when zinc dust 
and acetic acid were used. The disintegration of the molecule 
indicated by the formation of ammonia is similar, to that occurring 
# in the reduction of the 4-nitroglyoxalines, and affords evidence that 
the constitution, of the compound is represented correctly by the 
formula of 5-benzeneazo-4-methylglyoxaline. The formula is sup¬ 
ported by the fact that the compound is soluble in dilute aqueous 
sodium hydroxide, which indicates that the imino-group is unsub- 
stituted. Moreover, it is .fairly stable towards boiling dilute acids. 
Its properties are not therefore in accord with those of a compound 
represented by the alternative : formula,' 1 -benzeneazo-4-methy 1- 
glyoxaline. " 

That aryldiazonium salts are capable of substituting the 4-posi¬ 
tion of the glyoxaline ring follows from the reduction of 2 -phenyl- 
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4-p -bromoben-zeneazoylyoxaline, C lft H n N 4 Br, for a corn-pounds 
C 15 H 18 N 4 Br, is produced, which, is evidently derived from the corre¬ 
sponding hydrazo-eoinpound by a change of the semidine or benz¬ 
idine type (compare p. 257). 

The polyarylazoglyoxalines—2 :4:5-trisbenzen.eazogiyoxaline and 
2 : 5-bisbenzeneazo-4-methylglyoxaline—are insoluble in dilute 
mineral acids, and are decomposed on boiling with 10 per cent, 
hydrochloric acid. Nevertheless, we regard them as G'-azo-com¬ 
pounds, because they are soluble to some extent in aqueous sodium 
hydroxide. In the case of the second compound, we have estab¬ 
lished the fact that it is precipitated unchanged from its solution 
in aqueous sodium hydroxide by means of acetic acid. The fact 
that the number of arylazo-groups in the polyarylazo-compounds 
corresponds with the number of nuclear methine groups in the 
parent glyoxaline points in the same- direction. 

The interaction of glyoxaline-4:5-dicarboxylic acid and diazo- 
benzene-p-sulphonic acid was studied by Burian (Joe. cit.) } who 
found j that carbon dioxide was liberated, and described a product 
forming yellow needles or red, microscopic .prisms which gave on 
analysis results indicating that it was a compound derived from one 
molecular proportion of diazobenzene-p-sulphouic acid and one of 
glyoxaline - 4 - carboxylic acid, S0 3 H*C g H 4*N*N*G 8 H 2 N 3 *C0 ;J H, 
Burian regarded this as a 1-substituted arylazoglyoxaline, but we 
thought it more probable that the arylazo-group had displaced a 
carboxyl group in the 4-(or deposition, and that the compound was 
5-p-sulphobenzeneazoglyoxaline~4-earboxylie acid (XIX). 

so s h-c 8 h,-k:n-g-nh 

co 5 h-U-n> oh - 

(XIX.) 

This compound would yield 5-amiiioglyoxaline-4-carboxylie acid 
if a suitable method of reduction could be found, and we there¬ 
fore attempted to repeat its preparation, but were unable to do 
so. We can confirm Burian’s statement that carbon dioxide is 
liberated in the reaction, but find the yield of this, to be only about 
40 per cent, of the theoretical, much less than he states. More¬ 
over, we have isolated in a yield of about 30 per cent, of the 
theoretical the condensation product of diazobenzene-p-sulphonic 
acid and glyoxaline-4:5-dicarboxylic acid,, namely, 2 -jysulpho- 
benseneazoglgoasalme i:5-dicar'boxylic acid (XX). No other 
definite compound could be isolated from the reaction mixture, and 
it appears to us that the compound described by Burian was prob- 
ably a mixture of our acid with::its sodium salt,. ■ 

2-2>Sulphobenzeneazoglyoxaline-4:5-dicarboxylic acid yields on 
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oxide, probably owing to the formation of a disodium salt in solu¬ 
tion. Moreover, the addition of alcohol to a solution of the acid 
in sufficient aqueous sodium hydroxide to form the disodium salt 
causes the precipitation of a granular deposit approximating in 
composition to the disodium salt. (Found, in salt dried at 110°, 
Na = 21*2. C 5 H 2 0 4 N 2 Na 2 requires Na —23*0 per cent.) 

The acid is very stable towards nitric acid; after boiling it with 
ten times its weight of concentrated nitric acid for twenty-four 
hours, more than 90 per cent, was recovered unchanged, whilst 
similar results were obtained in a sealed tube at 130°, and when 
the acid was bodied with equal parts of nitric and sulphuric acids. 

The acid is very resistant to esterification, for, after boiling with 
alcoholic sulphuric acid for twenty-four hours, 95 per cent, was 
recovered unchanged. 


The Preparation of Glyoxaline. 

One hundred grams of glyoxaline-4:5-dicarboxylic acid were 
distilled, under normal pressure, in quantities of 4 grams from a 
small flask into a long, wide air condenser. The distillate, which 
had solidified in the condenser, was crystallised from benzene, and 
gave a 92 per cent, yield of the pure base. 

GlyoxaUnc picrate crystallises from water in long, fine, yellow 
needles, which become orange on drying at 100°, and then melt at 
212° (corr.), after sintering from 208°. It contains rather more 
than 1TLO (Found, loss at 100° —7*2; in substance dried at 100?, 
N = 23*31“ C 3 H 4 N,,C 0 H/) 7 N 3 [297*1] requires N«23*6 per cent.). 

Glyoxaline hydrogen tartrate crystallises from water in fin© 
prisms of characteristic trapezoidal shape, which are anhydrous 
and melt at .202° (corr.). It is readily soluble in cold water, and 
is best crystallised from 50 per cent, alcohol (Found: N=--12*8. 
C 8 H 4 N s> C 4 ff 6 O fl [218*1] requires N = 12.*'8 per cent.). 

Glyoxaline hydrogen oxalate crystallises from water as a felted 
mass of prismatic needles, which are anhydrous and melt at 282° 
(corr.) after sintering from 230°'. It is soluble in five or six parts 
of boiling water, but much less so in cold water (Found : N = 17*8. 
Calc.: N ~17*7 per cent.). 


Action of Boiling Aniline on Glyoxaline~i:h-dicarboxyUc Acid: 
Formation of GlyoxaMne-A-carboxyanilide and Glyoxaline. 

Five grams of glyoxaline-4:5-dicarboxylic acid were boiled with 
50 c.c. of aniline for nine hours under a reflux condenser, -when 
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the acid gradually passed into solution. The product -was mixed 
with water and subjected to distillation with steam until the excess 
of aniline had been removed. The residual aqueous solution was 
filtered from a small quantity of resinous matter whilst still hot, 
■when the filtrate at once began to deposit the anilide as a felted 
mass of fine needles. The first crop amounted to 2*6 grams, and 
a further quantity of 0*1 gram was obtained on concentrating the 
mother liquor. The filtrate from this gave on acidification O'X 
gram of glyoxaline-4:5-dicarboxylic acid, but no glyoxaiine-4- 
carboxylic acid was found. The final mother liquor when mixed 
with sodium carbonate, evaporated to dryness, and extracted with 
benzene gave 0-9 gram of glyoxaline. 

GlyoxcdineA-carboxy anilide crystallises from boiling water in 
fine, colourless needles, which are anhydrous and melt at 227—228° 
(corr.). It is fairly readily soluble in alcohol, but only sparingly 
so in boiling water and the other usual organic solvents. 

Found: C = G4*2; H = 5*l; N = 22*6. 

C 10 H 9 ON 3 (187T5) requires C = 64’2; H = 4*9; N = 22*5 per cent. 

Hydrolysis of the Anilide.— The anilide is only slowly hydrolysed 
by 10 per cent, hydrochloric acid at 100°, but more readily at 
130°. . 

One gram of the anilide was heated with 10 c.c. of 10 per cent, 
hydrochloric acid at 130° for three hours. The resulting solution 
was evaporated to dryness to remove the excess of acid, the residue 
dissolved in water, basified with sodium carbonate, and extracted 
with ether to remove aniline. Sufficient hydrochloric acid was 
added to render the solution faintly acid to methyl-orange, when 
crystallisation set in almost immediately, and 0*42 gram of 
glyoxaline-4-earboxylic acid was isolated The properties of the 
acid and its hydrochloride, nitrate, and picrate agreed with those 
previously given (T., 1916, 109, 199) for the acid prepared by 
the oxidation of 4-hydroxymethylglyoxaline, and the melting points 
of mixtures of the compounds from the two sources were not 
depressed. 

2-Methylglyoxciline- 4: 5-dicarboxylic A cid. 

This acid was prepared in an analogous manner to its lower 
homologue, employing a solution of 15 c.c. of freshly distilled 
acetaldehyde dissolved in 50 c.c. of ice-water in the place of the 
aqueous formaldehyde. The yield of 2-methylgiyoxaline-4:5- 
dicarboxylic acid, containing 1H 2 0, obtained from 25 grams of 
tartaric acid was 22 grams, that is, 67 per cent, of the theoretical. 

VOL* QXV. • L 
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Maquenne (Joe. cit.) obtained 50 grams of the product from 100 
grains of tartaric acid, that is, 38 per cent, of the theoretical, • 

Generally, the properties of this acid are very similar to those 
of glyoxaIine-4:5-dicarboxylic acid, and it behaves similarly on 
acid and alkaline hydrolysis. 

With sodium diazobenzene-ja-sulphonate in aqueous sodium 
carbonate, it gives a faint red colour which deepens on keeping, 
whilst glyox.aline-4:5-dicarboxylic acid gives a deeper red colour 
in the first instance. 


Action of Boiling Aniline on 2-Methylglyoxaline~4::&-dicarboxylic 

A dd. 

Twenty grams of hydrated 2-methylglyoxaline-4: 5-dicarboxylic 
acid, when treated with boiling aniline under the same conditions 
as its lower homologue, gave 11 grams of the hydrated anilide of 
2-methylglyoxaline-4-carboxyIic acid and 3"8 grams of 2-methyl - 
glyoxaline. 

2-Methylglyoxaline-4.-carboxyamlide crystallises from boiling 
water as a felted mass of colourless, silky needles, which contain 
rather less than 1H 2 G. It is sparingly soluble in boiling water, 
but readily so in alcohol. After drying at 110°, it melts at 208° 
(corr.). 

Found, loss at 110° in three samples=6*9, 7*0, 7*2. 

0 11 H 11 0N s ,H 2 0 requires H a O=8*2 per cent. 

Found, in substance dried at 110°, C=65*l, 65*6; H~5*7, 5*6; 
N = 20-9. 

C u H u ON 8 (201*2) requires C = 65*6; H*=5*5; N = 20*9 per cent, 

2 -MethylglyoxalineA-carboxylic acid is obtained in. nearly the 
theoretical yield by the hydrolysis of its anilide under similar con¬ 
ditions to those already described for glyoxaiine-4-carboxylic acid. 
When placed in a bath at 250°, it melts and effervesces at 262° 
(corr.). It crystallises from water in clusters of prismatic needles 
containing IHgO. It is soluble in about twenty parts of boiling 
water, but is practically insoluble in the usual organic solvents. 

. Found, loss at 110°=12*9. * 

0 5 H 6 0 2 N 2 ,H 2 0 requires H 2 0 = 12*5 per cent, f 
Found, in the substance dried at 110°, C=47*3;,. H— 4*8; 
N—21*9. 

0 5 H,.0 2 N 2 (126*1) requires C=47*6; H = 4*8; N = 22*2 per cent. 
.With sodium diazobenzene-^sulphon'ate it gives a 'red colour' in 
sodium catenate solution. 

,;.The hydrochloride crystallisee from waiter, in which it is readily;, 
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soluble, in minute, flattened, rhombic prisms, which are anhydrous. 
It melts and effervesces at 268° (corr.). 

Found: N = 16*9; 01 = 21*5. 

C 5 H 6 0 2 N 2 ,HC1 (162*6) requires N = 17*2 ; Cl = 21*8 per cent. 

The nitrate crystallises from water, in which it is very readily 
soluble, in minute rhombic prisms, which melt and effervesce at 
190° (corr.), resolidify, and on further heating gradually darken, 
melting at about 240°. 

Found: 0 = 31*7,; H = 4*l. 

, C 5 H 6 0 2 N 2 ,HNOj (189*1) requires 0 = 31*7; H = 3*7 per cent. 

The pi crate crystallises from water in minute cubes containing 
2H 2 0, which is lost at 100° (Found: H 2 0 = 9*4. Calc, for 2H 2 0, 
9*2 per cent.). It melts to a turbid liquid at 200° (corr.), which 
does not become clear until 224°, at which temperature effervescence 
begins. 

Found, in salt dried at 100°, N = 19*4. 

C 5 H 6 0 2 N 2 ,C 6 H30 7 N 3 (355*2) requires N = 19*7 per cent. 

2 -MethylglyoxdUne picrate crystallises from boiling water in fine 
needles, which are anhydrous and melt at 213° (corr.). 

Found: N =22*3. 

C 4 H c N 2 ,C c H 8 0 7 N 3 (311*2) requires N = 22*5 per cent, 

2-Methylglyoxaline hydrogen oxalate crystallises from water in 
large, rhombic prisms which contain 2H 2 0 (Found: H 2 0 = 17*6. 
Calc, for 2H s O: H 2 0 = 17*3 per cent.). After drying at 100°, it 
melts at 160° (corr.), and effervesces on further heating. It is 
much more readily soluble in water than the corresponding 
glyoxaline salt. 

Found, in dried salt: N = 16*l. 

C 4 H G N 2 ,C 2 H 2 0 4 (172*1) requires N = 16*3 per .cent, 

2 -Ethylglyoxaline -4: b-di carboxylic Acid. 

This acid was prepared in the same way as the methyl substituted 
acid. From 32 c.c. of propaldehyde, and the nitrotartaric acid 
obtained from 50 grams of tartaric acid, 43 grams of hydrated 
2-ethylglyoxaline-4:5-dicarboxylic acid were obtained, that is. 64 
per cent, of the theoretical yield; Maqtienne obtained 30 per cent. 
2-Ethylg]yoxaline-4:5-dicarboxylic acid melts and effervesces at 
259° (corr.). 
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2 -Ph e nylglyoxaline-4 :: 5 -dicarb oxylic A cid. 

The nitrotartaric acid from 25 grama of tartaric acid was treated 
with 100 c.c. of aqueous ammonia, in the manner previously 
described. Then 20 grams of benzaldehyde were added, with 
stirring, below 0°, and the stirring was continued for seven hours, 
the temperature of the mixture being gradually allowed to 
approach that of the room. After keeping overnight, 17T grams 
of 2-phenylglyoxaline-4:5-dicarboxylic acid were isolated, that is, 
48 per cent, of the theoretical yield, whereas Maquenne’s yield was 
only 8 per cent. 2-Phenylglyoxaline-4:5-dicarboxylic acid melts 
and effervesces at 271° (corr.). 

When distilled under the conditions previously described in the 
case of glyoxaline-4:5-dicarboxylic acid, it gives 2-phenylglyoxaline 
in a yield of more than 80 per cent, of the theoretical. 

2-Phenylglyoxaline crystallises from water in small, prismatic 
needles, which melt at 148—149° (corr.) and are anhydrous. 

2-Phenylglyoxalme nitrate is readily soluble in water, but less 
so in alcohol, from which it separates in leaflets containing |H 2 G, 
which is lost at GO 0 ' in a vacuum. The dried salt melts at 135° 
(corr.). 

Pound, in air-dried salt, H 2 0 = 6*l; in dried salt, N = 2G*0. 

C fl H 8 N 2 ,HN0 3 (207T) requires N = 20’3 per cent. 

The hydrogen oxalate crystallises from water in flattened 
needles, which melt and effervesce at 219° (corr.), and are 
anhydrous. ■ It is readily soluble in hot water, but less so in cold. 

Pound: N = 12*0. 

C 9 H s N 2 ,0oH 2 0 4 (234T) requires N-12’0 per cent. 

The pi crate is sparingly soluble even in boiling water, from 
which it crystallises in fine needles which melt at 238° (con*.), and 
are anhydrous. 

Pound: 1ST = 18* 6. 

C 9 H 8 N 2 ,C 6 H 8 0-N 3 (373*2) requires N = 18*8 per cent. 


4: 5-Dimethyl- and 2:4 :5~Trimethyl-glyoxaline. 

When 4:5-dimethylglyoxaline is prepared by Windaus 5 method 
(Ber 1909, 42, 758), it is contaminated with 2:4:5-trim ethyl - 
glyoxaline, which results from the interaction of diacetyl and 
ammonia (von Pechmann, Ber., 1888, 21 , 1414). 

8*6 Grams of diacetyl were dissolved in 50 c.c. of water, 50 c.c. 
of 40 per cent, aqueous formaldehyde added, the mixture cooled 
to 0°, and 80 c.c, of concentrated ammonia solution gradually 
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added, the reaction mixture being stirred and kept below 0°. After 
the addition was ended, the mixture was allowed to remain in a 
cool place overnight, then evaporated to a low bulk, saturated 
with anhydrous potassium carbonate, and the oil which separated 
extracted by ether. The crude extract, which was contaminated 
with hexamine, amounted to 5*9 grams. After destruction of the 
hexamethylenetetramine by boiling dilute hydrochloric acid, the 
pi crates of the constituent bases were fractionated from water, 
when 5*7 grams of 4:5-dimethylglyoxaline picrate (17-5 per cent, 
of the theoretical yield) were obtained first, and then 3-5 grams of 
2:4:5-trimethylglyoxaline picrate. 

2:4: o-Trimethylglyoxaline picrate sinters from 160° and melts 
at 163° (corr.). It crystallises from water in well-defined prisms, 
which are often serrated. 

Found: 1ST = 20" 6. 

C 6 H 10 N 2 ,C 6 H s O 7 N 3 requires N — 20*6 per cent. 

The hydrochloride, previously prepared by von Peckmann, 
crystallises from alcohol in fine needles, which are anhydrous and 
melt at 316° (corr.) (Found: N = 19*0; Cl = 24*2. Calc.: N=19*I; 
01 = 24*2 per cent.). 

4 :5-DimethylffhjozaUne hydrochloride crystallises from alcohol 
in well-defined, rhombic prisms which melt and decompose at 305° 
(corr). 

Found: N = 21-1; Cl = 26*4. 

C 5 H 8 N 2 ,HC1 requires N = 21*l; Cl = 26*7 per cent. 

4:5-Dimethylglyoxaline was also prepared by a modification of 
Kiinne’s method ( Ber ., 1895, 28, 2039; compare also Jowett, T., 
1905,87, 407). Nine grams of methyl a-mmitrosoethyl ketone were 
reduced with stannous chloride, as described by Kiinne, but the 
temperature of the reaction mixture was maintained at 15°, and, 
after the removal of the tin, the evaporation of the liquor was 
conducted entirely under diminished pressure. By these means, 
a yield of 10 grams of crude, crystalline methyl, a-aminoethyl ketone 
hydrochloride was obtained, as against 4*2 grams of syrup obtained 
by Kiinne. When this product was heated on the water-bath for 
four hours with 10 grams of potassium thiocyanate and 40 c.c., of 
water, 5*2 grains of 2-thiol-4:5-dimethylglyoxaline separated, and 
this gave 4:5-dimethylglyoxaline picrate in a yield of 85 per cent, 
of the theoretical when oxidised with the calculated quantity of 
ferric chloride.* The yield of 4:5-dimethylglyoxaline from methyl 
ethyl ketone is thus 23*8 per cent, of the theoretical. 

* The method of oxidising thiolglyoxalines to glyoxalines by means of ferric 
chloride has been'described by one Qf ryts' (T., 1914, 99, 2175} in the; case of 
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Part II. Nitroglyoxalinen. 

4 - Ni tr og ly n xalin e . 

Rung and Belirend (loc. c/t.) prepared 4-nitroglyoxaline in a 
yield of 36 per cent, of the theoretical by boiling glyoxaline with 
a mixture of nitric and sulphuric acids. The yield can be improved 
greatly by the method given below. Eight grains of glyoxaline 
were dissolved in 16 c.c. of nitric acid (D 1*4), cooled, and 16 c.c. 
of sulphuric acid cautiously added. A vigorous reaction ensued, 
and when this had subsided the mixture was boiled gently for two 
hours, allowed to cool, and then poured into ice-water, when 7*85 
grams of 4-nitroglyoxaline separated. The mother liquors yielded 
a further 0*5 gram of 4-nitroglyoxaline identical with the above, 
but no glyoxaline and merely a trace of other crystalline material. 
The total yield of 4-nitroglyoxaline thus amounted to 63 per cent, 
of the theoretical. 4-Nitroglyoxaline crystallises' from boiling 
acetic acid or from alcohol in stout, rhombic prisms, which are 
anhydrous and melt at 312—313° (corr.) (Found: N~36*8. Calc.: 
N = 37*l per cent.). It is only very sparingly soluble in boiling 
water. Although it dissolves in strong mineral acids, it is pre¬ 
cipitated unchanged on the addition of water, and is recovered 
unchanged when crystallised from aqueous picric acid. * 

4- Nitro-^-methylglyoxaline was similarly prepared. It crystal¬ 
lises from water in fine needles, which are anhydrous and melt at 
254° (corr.), sintering from 251°. 

Found: N = 33*0. 

C 4 H 5 0 2 N s (127< 1) requires N = 33*l per cent. 

5 - NitroA-metkylglyovaline was prepared by Windaus (loc. cit.) 
in a 60 per cent, yield by warming 4-mefchylglyoxaline with fuming 
nitric acid at 80°. Using this method, we found the main pro¬ 
duct to be 4-m ethylglyoxaline nitrate. Proceeding according to 
the method described for 4-nitro-2-methylglyoxaline, 5 grams of 
4-methylglyoxaline gave 7 grams of 5-nitro-4-methylglyoxaline 
(Found: N~32*8. Calc.: 3ST~33*1 per cent.) melting at 248° 

; (corr.), that is, 90 per cent, of the theoretical yield. 

; \2-thiol-4-aimnomethylglyoxalme. The low yield of 4-aminomethylglyoxaline 
■ recorded (56 per cent, of the theoretical) was due to the fact that insufficient 
ferric chloride had been employed. When the calculated quantity (1C-2 grams) 
©f this reagent is used, the product is obtained in a yield of 90 per cent, 
of the theoretical. 
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Attempted Nitration of 4 : b-Dimethylglyoccaline. 

To five grams of 4:5-dimethylglyoxaline dissolved in 15 c.c. of 
nitric acid (D T4), 15 c.c. of sulphuric acid were added. The first 
vigorous reaction was controlled by cooling, and after it had 
ended the mixture was heated for two hours on the water-bath. 
From the reaction product, 1*7 grams of 4:5-dimethylglyoxaline 
were recovered, together with 0*3 gram of the nitrate of 4-methyl- 
glyoxaline-5-carboxylic acid (Found: C —32*1; H=4'0; N = 2T7, 
Calc.: 0= 3T6 ; H = 3'7 ; N = 22*l per cent.), which deposited the 
corresponding acid, melting and effervescing at 222°, on the addi¬ 
tion of the calculated quantity of sodium hydroxide. From the 
pure acid, the hydrochloride, which melted and decomposed at 
231°, and the nitrate, which decomposed at 189°, were prepared. 
The melting points of the acid and its salts are in agreement with 
those found by Gerngross {lac. cit.) for 4-methylglyoxaHne-5- 
carboxylic acid. 


B eduction of NiProgly opalines with Tin and Hydrochloric Acid . 

When 4-nitroglyoxaline, 4-nitro-2-methylglyoxaline, or 5-nitro- 
4-methylglyoxaline is reduced with tin and hydrochloric acid, and 
the product mixed with sodium hydroxide and distilled into 
standard acid, two of the three atoms of nitrogen present in the 
molecule are eliminated in the form of ammonia: 

0*5609 of 4-nitroglyoxaline gave 0*1746 NH S ; calc, as above, 
0*1688. 

0-4292 .of 4-nitro-2-methylglyoxaline gave 0*118 calc, as 

above, 0-115. 

0*4931 of 5-nitro-4-methylglyoxaline gave 0*1378 NH S ; calc, as 
above, Q‘1320. 

That the greater part of the ammonia is actually produced 
during the reduction, and not by the subsequent action of the 
alkali, is shown in the case of 4-nitroglyoxaline by the following 
experiment. 

Twelve grams of 4-nitroglyoxaline were reduced by means of 
tin and hydrochloric add in the usual manner. : ./The * reduced" 
liquors were freed from tin and then evaporated to dryness, then 
moistened, with alcohol, and. again evaporated to remove, water as 
far as possible, The crude product was extracted with alcohol 
:and left .9 .grams of. a crystalline solid, which ..proved to ;be' 
ammonium.'chloride (Found: N = 25*9;'Cl~66*0. ■■ Calo,’:- 
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01 = 66*3 per cent.). The residue of the purple alcoholic solution 
gave 5 grains of an insoluble phosphotungstat© after the removal 
of ammonia. This product has not yet been investigated. 


Reduction of Nitroglyoxalines with Sodium Hyposulphite. 

Behrend and Schmitz (loc. cit.) observed that 4-nitroglyoxaline 
gave a beautiful blue dye ■when treated with alkaline reducing 
agents. "We can confirm this result, but find that ammonia is also 
produced in an amount corresponding with the loss of two atoms 
of nitrogen in this form from three molecules of 4-nitroglyoxaline 
when this compound is reduced with sodium hyposulphite in 
aqueous sodium hydroxide: 

0*5148 of 4-nitroglyoxaline gave 0*0521 NH 3 ; calc, as above, 
0*0516. 

The liquors remaining from the distillation gradually acquired 
a dark blue colour on exposure to the air, and on acidification with 
acetic acid deposited rather less than 0*1 gram of a blue compound 
which did not melt below 300°. 

The reduction of 5-nitro4-methylglyoxaline with alkaline sodium 
hyposulphite led to the same result as in the case of 4-nitro¬ 
glyoxaline, two molecules of ammonia being produced from three 
molecules of the nitro-compound (0*5311 gave 0*0487 NH 2 ; calc, 
as above, 0*0474). The reduced solution gradually acquired a rose 
colour on exposure to air, hut gave no precipitate with acetic acid. 

4-Mtro-2-inethylglyoxaline behaved differently from the above 
compounds on reduction with alkaline sodium hyposulphite, yield¬ 
ing one molecule of ammonia from three molecules of the nitro¬ 
compound (0*5084 gave 0*0230 NH 3 ; calc, as above, 0*0227). 


Part III. Arylazoglyoxalines. 

2-BenzeneazoglyoxaUne (IV, p. 221). 

23*25 drams of aniline were dissolved in 62*5 c.c. of hydro¬ 
chloric acid and 187*5 c.c. of water, and diazotised with. 18 grams 
of sodium nitrite dissolved in 100 c.c. of water. The solution was 
run slowly into a well-stirred solution of 17 grams of glyoxaline 
and 40 grams of anhydrous sodium carbonate in 1250 c.c. of water, 
previously cooled to 5°, and kept overnight. The insoluble orange 
powder was collected, washed well with water, and extracted suc¬ 
cessively with 250,125, and 125 c.c. of cold 2*5 per cent, hydrochloric 
acid. (Ex.tract=*4.) The insoluble material amounted to 4*4 
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grams, and after crystallisation from alcohol gave 2:4 :o-tris- 
benzeneazoglyoxaline, of which only 05 gram was obtained in a 
pure state. This compound decomposes at about 200° and 
effervesces at 208° (cori\). When pure, it is only sparingly soluble 
even in boiling alcohol, from which it crystallises slowly in dark 
brown clusters of crystals of indeterminate shape. (0-84 required 
60 c.c. of boiling alcohol.) 

Found: 0=66*0; H = 4‘6; N = 29*0. 

C 21 H lfl N 8 (380-3) requires C = 66-3; H = 4*2; N = 29-5 per cent. 

Trisbenzeneazoglyoxaline is insoluble in cold dilute hydrochloric 
acid, and is decomposed when boiled with this reagent. It dis¬ 
solves to some extent in aqueous sodium hydroxide. 

The hydrochloric acid extract (ri) was diluted with water and 
basified with sodium carbonate, when crude 2-benzeneazoglyoxaline 
was obtained as a yellow, crystalline precipitate, which, after 
thorough washing with cold water and drying, amounted to 
34 grams. On crystallisation from 150 c.c. of alcohol, 31 grams of 
the pure base were obtained, that is, 74 per cent, of the theoretical. 
No other definite compound could be isolated from the mother 
liquor. 

%B enzeneazoglyoxcdine crystallises from alcohol in large, orange 
tablets resembling potassium dichromate in appearance. It melts 
at 190° (corr.) to a reddish-black liquid. 

Found: C = 62*7, 62-7; H = 4*8, 4*9; N = 32*3 

C 9 H 8 N 4 (172*1) requires C = 62*8; H = 4*7; N —32-6 per cent. 

Bung and Behr end's Method .—By this method, in which benzene- 
diazonium chloride is allowed to react with glyoxaline without the 
addition of alkali, 5 grams of glyoxaline gave 3-3 grams of crude 
precipitate insoluble in water. Of this, 2*2 grams were separated 
into 0*7 gram of insoluble resin, which appeared to evolve gas on 
keeping, and 1*45 grams soluble in acid, which gave pure 
2-benzeneazoglyoxaline on crystallisation from' alcohol. The crude 
precipitate was less readily purified by direct crystallisation from 
alcohol. # 

General Properties of Arylazoglyoxalines .-—To avoid repetition, 
it will be convenient to describe the general properties of the 
monoarylazoglyoxalines at this, point. 2-Benzeneazoglyoxalme and. 
2-benzeneazo-4-methylglyoxaline are fairly readily soluble in 
alcohol, ethyl acetate, or acetone, sparingly so in ether, chloro¬ 
form, or benzene. 5-Benzeneazo-4-methylglyoxaline, 2-p-bromo- 
benzeneazoglyoxaline, and 4-p-bromob enzeu eazo-2 -m ethylglyoxaline 
are sparingly soluble in the first three solvents and very sparingly 
so in the last three. 
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i These compounds are almost insoluble in cold water or in dilute 
aqueous ammonia or sodium carbonate, but dissolve to some extent 
in dilute aqueous sodium hydroxide. The benzeneazo-compounds 
dissolve readily in dilute hydrochloric acid, and the solutions yield 
crystalline hydrochlorides on concentration; the hydrochlorides of 
the y-bromobenzeneazo-compounds are sparingly soluble in water. 

The stability of a 2- and a 4-substituted member of the 
group towards boiling dilute hydrochloric acid was examined. 
When 0*5 gram of 2-benzeneazoglyoxaline was boiled with 20 c.c. 
of 10 per cent, aqueous hydrochloric acid for two hours under a 
reflux condenser, 0*35 gram was recovered little changed on the 
addition of ammonia, and readily gave the starting material in a 
pure state on crystallisation from alcohol. 

When 5-benzeneazo-4-methylglyoxaline was boiled with an excess 
of 10 per cent, aqueous hydrochloric acid for a few minutes, it 
was recovered unchanged after the addition of ammonia, but after 
boiling for one hour it was mainly decomposed, with the form¬ 
ation of resinous compounds. 

The arylazoglyoxalines dissolve in concentrated sulphuric acid, 
giving bright-coloured solutions. The monoa rylazo-deri vativ es 
yield mainly orange or magenta solutions, the 2-substdtuted deriv¬ 
atives being more intensely coloured than the 4-substituted com¬ 
pounds, whilst the solutions of bis- and tris-arylazoglyoxalines are 
green and still more intense than those of the 2-monoarylazo- 
' derivatives. 



Reduction of 2-Benzenemoglyoxaline with Stannous Chloride: 
Isolation of 2-A i minoA-'p-aminophenylghjoxalme, 2 -Amino- 
glyoxaline, Guanidine, and Aniline. 

Twenty grams of 2-benzeneazoglyoxaline were dissolved in 200 
c.c, of boiling 2*5 per cent, hydrochloric acid and mixed with 
120 c.c. of stannous'chloride solution.* The solution was. immedi¬ 
ately decolorised, and when mixed with 200 c.c. of hydrochloric 
acid deposited a crystalline tin salt (d). This was collected, and 
the mother liquor was evaporated to dryness, dissolved m hot water, 
and freed from tin. It was then evaporated to low bulk, mixed 
with sodium carbonate, and extracted with ether, which .removed 
3*0 grams of crude aniline. The alkaline liquor was acidified 
faintly with hydrochloric acid, evaporated to dryness, and extracted 
-with alcohol, when 3*1 grams- of extract were obtained., This was 

* The stannous chloride solution employed throughout this investigation 
was made by mixing 40 grams of “ tin salt " with sufficient hydrochloric acid 
to make lOO c.p. of solution. . 
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mixed with stannic chloride, and deposited, first, 2*2 grams of pur© 
2 -aminoglyomlme stanniehloride, then crops of the crude salt, from 
which a further quantity of I'O gram of the pure salt was obtained, 
the total yield amounting to 11 per cent, of the theoretical. The 
final stanniehloride mother liquors were deprived of tin by means 
of hydrogen sulphide and mixed with picric acid. After crystal-, 
lisa ti on from water, the first crop of picrate, which melted at 325°, 
was decomposed by sulphuric acid, the picric acid being removed 
by means of ether. The solution of sulphates was deprived of 
sulphuric acid by barium hydroxide, and from excess of this 
reagent by carbon dioxide. The resulting solution was neutralised 
with aqueous oxalic acid, mixed with as much more aqueous oxalic 
acid, and concentrated, when crude guanidine hydrogen oxalate 
separated. After recrystallisation from water, this amounted to 
0*07 gram, melting and effervescing at 172—173° (corr.) alone or 
when mixed with pure guanidine hydrogen oxalate. 

The crystalline tin salt (A) was dissolved in water, treated with 
hydrogen sulphide, filtered from tin sulphide, and concentrated, 
when 18*55 grams of 2-aminoA-p-aminophenylglyoxaUne dihydro- 
chloride separated, that is, 64*6 per cent, of the theoretical yield. 

2-AmvmA-p-amino'phenylglyoxaline, C 9 H 10 ]Sr 4 (YI, p. 222). 

When the dihydrochloride is mixed with an equivalent quantity 
of sodium carbonate, a colourless oil separates which solidifies on 
keeping. This is a carbonate, for it effervesces on treatment with 
acid, and when dissolved in boiling water disengages carbon dioxide 
vigorously on the addition of animal charcoal, leaving a solution 
of the free base, which crystallises on keeping. This solution 
becomes brown at the top owing to oxidation in the air, whilst the 
laminae become mauve where exposed to the light. 

To 5*0 grams of the dihydrochloride in 50 c.c.- of boiling water, 
30 c.c. of hot 10 per cent, aqueous sodium carbonate and a pinch 
of animal charcoal were added. The solution was boiled for five 
minutes, filtered, and kept, when 3*1 grams of the base separated 
and were recrystallised from water. This base crystallises from 
water* in glistening leaflets which melt and effervesce at 148° (corr.). 
It contains 1H 2 0, which is not lost in a vacuum or on heating at 
100 °. 

Found: 0-56*3; H = 6*4; N-29*5, 29*2. 

C 9 H 10 N 4 ,H 2 O (192*2) requires C — 56*2; H — 6*3; N —29*2 per cent. 

It is sparingly soluble in cold, fairly readily so in hot water; 
fairly readily soluble in cold, readily in hot alcohol, and very 
sparingly so in chloroform or ether. 


1 * 2 
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An aqueous solution of the base gives, with silver nitrate, a white 
precipitate, which blackens at once on the addition of ammonia ; 
with Fehling’s solution, a nearly black precipitate—presumably a 
copper salt—which is unchanged on boiling the solution; with cold 
permanganate, instant reduction; with, sodium diazobenzeneqp- 
sulphonate in aqueous sodium carbonate, an immediate cherry-red 
colour. When the base is dissolved in an excess of hydrochloric 
acid and mixed with sodium nitrite, a yellow solution is obtained, 
which yields with a solution of j8-naphtliol in aqueous sodium hydr¬ 
oxide a sparingly soluble purple dye. On the addition of sodium 
hydroxide to a solution containing 2-amino-4-p-aminophenyl- 
glyoxaline hydrochloride and sodium nitroprusside, a green color¬ 
ation changing to chestnut-brown is produced. 

On the addition of dilute sulphuric acid to an aqueous solution 
of the base or its hydrochloride, the very sparingly soluble sulphate 
crystallises in woolly needles. 

The dihydrochloride crystallises from dilute hydrochloric acid in 
colourless prisms, which do not melt below 300°. It is readily 
soluble in cold, very readily so in hot water. 

Found: Cl = 28*6; N = 22*5. 

, C 9 H 10 N 4 ,2HC1 (247*1) requires 01 = 28*7; N = 22*7 per cent. 

The dipicrate forms yellow, silky needles, which darken at 245° 
and decompose at 250° (corr.). It is very sparingly soluble even 
in boiling water. 

The benzylidene derivative of 2-amino-4-jr>aminopheny]glyoxalme 
was not obtained in a crystalline form. 

2-Acetylamhw-4:-p-acetylaminoplienyl<]lyox(dSme. 

10*6 Grains of 2-ammo~4-p-aminopheiiylglyoxaliiie were boiled 
with 50 c.c. of acetic anhydride for one hour under a reflux con¬ 
denser and mixed with aqueous sodium carbonate, when 13*9 grams 
of the diacetyl derivative were obtained, that is, 98 per cent, of the 
theoretical yield. The base forms a colourless, crystalline powder 
which does not melt below 300°. 

Found: N=21*2. 

C 13 H j 4 0*N 4 (258*2) requires N = 21 *7 per cent, 

It dissolves in dilute hydrochloric acid, but the hydrochloride 
crystallises almost at once. It appears to be changed by prolonged 
boiling with hydrochloric acid. 

The hydrochloride was consequently prepared by triturating the 
base with an excess of 10 per cent, aqueous hydrochloric acid, drain¬ 
ing the insoluble salt, and crystallising it from water, when it 
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formed colourless, prismatic needles, which did not melt below 
300°. It is sparingly soluble in cold, fairly readily so in hot 
water. 

Found, in air-dried salt, loss at 110° = 11*1. 

C ia H 14 0 2 N 4) HCl,2H £ 0 (330*7) requires 2H 2 O = 10*9 per cent. 

Found, in salt dried at 110°, C = 53'l; H = 5-3; N = 18-7; 

01 = 11 * 6 . 

C 13 H 14 OoN 4 ,HC1 (294*7) requires 0 = 53-0; H = 5-l; N = 19*0; 

01=12*0 per cent. 

Oxidation. —Ten grams of 2 -ace tylamino-4-p- a ce by 1 a m i n opheny 1 - 
glyoxaline were suspended in 150 c.c. of cold water and mixed with 
4 grams of 50 per cent, aqueous sulphuric acid, when a suspension 
of the sulphate resulted. To this, cold 4 per cent, aqueous 
potassium permanganate was added until a test portion of the pro¬ 
duct remained pink for a few seconds, about 240 c.c. being required. 
The liquor was then filtered from manganese hydroxide, acidified 
with hydrochloric acid, and extracted with ether. The ethereal 
extract amounted to 1*5 grams, and after digestion, with a little 
warm water left 1*0 gram of p-acetylaminobenzoic acid, which 
melted at 260° (corr.). After recrystallisation from boiling water, 
the acid formed glistening needles having the same melting* point. 
A specimen of the pure acid from another source and a mixture of 
the two melted at the same temperature. The identification was 
confirmed by analysis (Found: 0=59*9; H = 5‘2; N = 7-8. Calc.: 
G = 60-3; H = 5*l; 17 = 7-8 per cent.) and by hydrolysis to p-amino- 
ben zoic acid, which melted at 190° (corr.) alone or mixed with the 
acid resulting from the reduction of p-nitrobenzoic acid. 

Reduction i of 2-Benzenmzoglyoxalme with Zinc Dust and Acetic 
Acid; Isolation of Glycocymmdine t Aniline , and Amino- 
A-p-amin ophenylglyoxaline . 

To a boiling solution of 17*2 grams of 2-benzeneazoglyoxaline 
in 100 c.c. of glacial acetic acid and 300 c.c. of water, 45 grams of 
zinc dust were added gradually in the course of twenty minutes 
without further heating. The excess of zinc was removed, the 
liquor diluted with 2 litres of water, giving an indigo-coloured 
solution, and treated with hydrogen sulphide. After collecting the 
zinc sulphide—which had carried down the colouring matter—-the 
liquor was mixed with 20 c.c. of hydrochloric acid and evaporated, 
to dryness. The residue was dissolved in a little water, mixed with 
sodium carbonate, and extracted with ether, when 2*7 grams of 
insoluble, black material were deposited; this contained zinc 
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carbonate and the carbonate of 2-amino-4-p-aminophenylglyexaline. 
The ethereal extract left on evaporation 7-0 grams of practically 
pure aniline. The alkaline liquor was acidified faintly with hydro¬ 
chloric acid, mixed with a solution of 23 grams of picric acid in 
1 litre of boiling water, and stirred, when 2*6 grams of 2-am.in.o- 
4-j>aminophenylglyoxaline dipierate separated immediately as a 
brownish-yellow, crystalline powder which melted at 240°; for the 
identification of this substance, the hydrochloride and base were* 
prepared and found to have the properties recorded above. 

The filtrate from this salt was kept overnight, when 21*5 grams 
of a granular, crystalline pierate, melting at 196°, separated, and 
on concentrating the mother liquor a further 4*8 grams, melting at 
180°, were obtained. These crops were mixed, converted into the 
hydrochloride, and crystallised from alcohol, when eventually 5*9 
grams of pure glyeocyamidine hydrochloride were obtained, that is, 
43 per cent, of the theoretical yield. It formed clusters of pris¬ 
matic needles, which began to darken and sinter at 205° and 
melted at 211—-213° (corn). E. Schmidt (. Arch , Pharm 1913, 
251, 557) states that it begins to discolour at 200° and melts at 
208—210° (Found: 0=26-5; H = 4'4; N = 30'6; 01 = 26-3. 

C 3 H 6 0N 8 ,HC1 (135-6) requires 0=26-6; H = 4-5; . N = 31-Q; 

01 = 26-2 per cent.). 

To complete the identification of this compound, the base and 
some other salts were prepared. The b 0 .se crystallised from water 
in colourless, prismatic needles, which began to darken slowly from 
about 220° and quickly from about 250°, without melting even at 
300°. It was anhydrous. (Found: C=36'4; H = 4’8; N = 42’3. 
C 8 H b ON s (99-1) requires 0=36-3; H=5'l; N=42'4 per cent.) 
E. Schmidt (Joe. cit.) states that glyeocyamidine darkens from 220°, 
but does not melt at 250°. It gave with sodium nitroprussid© and 
sodium hydroxide an orange solution, which became Burgundy-red 
on the addition of acetic acid (WeyTs reaction). It is stable 
towards cold aqueous permanganate in acid solution, but reduces 
cold alkaline permanganate, yielding a green solution. 

The platinichloride was obtained on spontaneous evaporation of 
an aqueous solution in large, transparent, quadrilateral tablets 
having the composition C 3 H,;0N3,HgPtCl 6 ,2Br 2 0. It begins to 
darken at 220°, gradually sinters, and is quite black by 260° with¬ 
out actually melting even at 300°, E. Schmidt (Jog. cit') found 
that glyeocyamidine platinichloride had this composition and did 
not melt at 260°, but sintered and blackened earlier. 

The platinichloride was also obtained in an anhydrous form by 
crystallisation from a hot concentrated solution, when it formed 
clusters of prisms. 
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Tli© additive compound with gold chloride, C 3 H 6 0]SF 3 ,AuCl 3 , 
melted at 157—158° (corn.). Korndorfer (Arch. PJiarm., 1904, 
242, 633) found that glycocyamidine gold chloride had this com¬ 
position, and melted at 153—154°. 

The picrate crystallised from water in glistening, striated, yellow 
leaflets (flat needles) which melted at 215—216° (corn-.). Jaffe 
( Zeitsch. -physiol. Chem., 1906, 48, 430) describes glycocyamidine 
picrate as forming needles, which melt at 210°. 


2 - and k-Tp-Bromobenzeneazoglyoxaline. 

34-4 Grains of p-bromoaniline in 200 c.c. 'of hydrochloric acid 
and 600 c.c. of water were diazotised at —2° to 0° by a solution of 
14*4 grams of sodium nitrite in 72 c.c. of water. The solution was 
kept for twenty minutes and poured in a slow stream into a solu¬ 
tion of 13*6 grams of glyoxaline and 300 grams of sodium carbonate 
crystals in 2 litres of water, previously cooled to 5°. After adding 
a little more aqueous sodium carbonate, the mixture was kept over¬ 
night, and the insoluble, yellow powder collected and washed with 
water. It amounted to 48*7 grams after drying in the air, decom¬ 
posed at 245°, and was almost completely soluble in dilute hydro¬ 
chloric acid. After fractional crystallisation from alcohol, there 
were obtained 37*5 grams of pure 2-p -bromobemeneazoglyoxaline 
and 5*1 grams scarcely less pure, whilst the final mother liquors 
deposited a mixture of this compound with dark brown warts, 
which were separated mechanically, and amounted to about 2*5 
grams, melting at about 175°. These were dissolved in dilute 
hydrochloric acid, and the solution was filtered from a little dark 
brown, insoluble matter and mixed with ammonia, when a yellow, 
gelatinous precipitate was formed, which readily became crystalline 
on warming and: stirring. This base was collected and crystallised 
several times from alcohol, when 4-p -bromobcmeneazoglyoxalinc 
was obtained in a pure state. 

2 -g-Brom o b en z eneazoglyoxaline crystallises from alcohol in 
chestnut-brown, prismatic needles, which melt and decompose at 
253° (com). 

Pound: C = 42*9; H=3*l * N«22*l. 

C 9 H 7 N 4 Br (251-1) requires C=43’0; H-2‘8; N = 22*3 per cent. 

4-p -Bromobenzeneazoglyoxalme crystallises from alcohol in 
clusters of brownish-yellow prisms which melt and decompose at 
191° (com). 

Found: C = 43*2; H = 3*l* N*=21*9. 

C B H 7 N 4 Br (251T) requires 0=43*0; H=s2'8; N-22*3 per cent, 
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Oil reducing' this base (O'26 gram) with stannous chloride and 
distilling the resulting solution with an excess of sodium hydroxide, 
the volatile products consisted of pdbromoaniline (Q'X8 gram) and 
ammonia, which gave 0-05 gram of ammonium chloride. 

} 

Reduction, of 2-p-Bromo b enzeneaz oglyoxadine with Stannous 
Chloride: Isolation of 2-Aminoglyoxaline, p -Bromoaniline, 
Guanidine , 2-AminoA.~'p-a7nino]3hen>ylglyoxaline } and a Base, 
C 9 H 0 N 4 Br. 

To 78 grams of 2-y-bromohenzeneazoglyoxaline suspended in 
40 c.c. of hydrochloric acid and 1 litre of boiling water, 400 c.c. 
of stannous chloride solution were added. The solution immedi¬ 
ately became decolorised, and, after the removal of 0*5 gram of 
brown, insoluble matter, was concentrated under diminished 
pressure. The tin salts which separated were collected from time 
to time and combined, so that the product was obtained in two 
fractions, consisting of the crystalline tin salts and the syrupy 
residue. 

The crystalline tin salts were dissolved in water and deprived 
of tin by hydrogen sulphide. The solution of hydrochlorides was 
evaporated to dryness, dissolved in a little water, and mixed with 
aqueous sodium carbonate, when 39*6 grams of p-bromoaniline 
separated. The filtrate from this gave a further IT grams of the 
same compound on extraction with ether, and was next acidified 
with hydrochloric acid, evaporated to dryness, and extracted with 
absolute alcohol. (Insoluble material = T.) On distilling the 
alcohol, a brown syrup remained, which quickly crystallised and 
became a rock-like mass of 2-aminoglyoxaline hydrochloride, 
amounting- to 1.5*8 grams and melting at 135—140°'. 

The syrupy tin salts were also dissolved in water and deprived 
of tin. The resulting solution was evaporated to dryness, dissolved 
in a little water, mixed with sodium carbonate, and extracted with 
ether. This, on concentration, deposited 0*9 gram of colourless 
needles, melting at 178° (corr.), which proved to be a base having 
the composition 0 9 H 9 N 4 Br (compare p. 245). The ethereal mother 
liquor on evaporation left 2*5 grams of dark brown syrup which 
gradually crystallised, and consisted largely of p-bromoaniline. 

The alkaline liquor was acidified with hydrochloric acid, 
evaporated to dryness under diminished pressure, and extracted 
with absolute alcohol. Thfe insoluble salts, consisting mainly of 
sodium chloride, were combined with those obtained previously 
(A), dissolved in water, and mixed with aqueous picric acid, when 
;2T'...grams;'''Of- ; : 2-ammo4-p-aminophenylglyoxaHne dipierate, melt- 
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ing at 240°, separated; the identity of this salt was confirmed by 
its conversion into the hydrochloride and base. The alcoholic 
extract was evaporated under diminished pressure, and left 13*0 
grams of brown syrup, which crystallised only partly on seeding 
with 2-aminoglyoxaline hydrochloride. It was converted into the 
stanniehloride and crystallised fractionally from 10 per cent, hydro¬ 
chloric acid, when 10’2 grams of 2-aminoglyoxaline stanni- 
chloride melting at 280° (corr.) were obtained. This is equivalent 
to 4'9 grams of 2-aminoglyoxaline hydrochloride, the total yield of 
which was therefore 20*7 grams, that is, 56 per cent, of the 
theoretical. 

The remaining stannichlorides were not readily purified by frac¬ 
tional crystallisation, and were reconverted into hydrochlorides, 
which amounted to about 3 grams. This material was mixed with 
sodium carbonate, evaporated until nearly dry, and extracted with 
hot alcohol.* The extract was distilled and the residue mixed with 
an excess of 10 per cent, aqueous oxalic acid, when 1*6 grams of 
guanidine hydrogen oxalate separated in large crystals. After 
recrystallisation from water, this salt formed colourless spears, 
which melted at 173—174° (corr.) after drying at 100°, and was 
sparingly soluble in water. 

It had the composition CH 5 N 3 ,C 2 H 204 ,H 2 0 previously recorded 
by Streeker ( Annalen , 1861, 118, 160). (Found: BUG = 10-3. 
Calc.: H 2 O = 10*8. Found, in dried salt, 0 = 24*0; H = 4‘9; 
N = 28*0. Calc.: C = 24*l; H = 4*7; N = 28*2 per cent.) The 
melting point of a specimen of guanidine hydrogen oxalate pre¬ 
pared synthetically and that of a mixture of the two preparations 
was the same. The identification was confirmed by the prepara¬ 
tion of the nitrate and picrate, which had the properties previously 
recorded. 

The base, melting at 178° (corr.), obtained as a by-product in 
the above reaction (compare p. 244), forms colourless needles from 
alcohol or ether. It contains halogen. It is sparingly soluble in 
water, readily so in cold, and very easily soluble in hot alcohol, 
but sparingly so in ether. Its alcoholic solution gradually becomes 
purple when exposed to the air. 

Found: C = 43*0; H —3*9; 1ST = 21*9. 

C 9 H 9 N 4 Br (253T) requires C=42 , 7; H = 3*6; N —22*1 per cent. 

0*122 Gram mixed with an excess of hydrochloric acid and 
evaporated to dryness gave 0*153 gram of salt, which is therefore 

* The method employed for the extraction of guanidine carbonate is 
unsuitable, and it is probable that a considerable proportion remained behind 
with the sodium carbonate. 
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a dihydmckloride (calc, yield, 0'157 gram). This salt crystallised 
from water in elongated leaflets, which, after drying at 100°, melted 
and decomposed at 245° (corr.) after sintering earlier. The 
(d,i)picrate crystallises from water in woolly needles, which melt 
at 225° (corr.), and are sparingly soluble in hot, very sparingly so 
in cold water. 

The base decolorises potassium permanganate instantly in cold 
dilute sulphuric acid solution, and gives a Burgundy-red coloration 
with sodium diazobenzene-p-sulphonate in aqueous sodium 
carbonate. When dissolved in dilute hydrochloric acid and mixed 
with sodium nitrite, it yields a colourless, crystalline precipitate, 
but the product—crystals and mother liquor—when poured into 
alkaline /3-naphthol gives no coloration. 

When an aqueous solution of the hydrochloride is mixed with 
sodium acetate and benzaldehyde, a turbid, yellow solution is pro¬ 
duced—evidently owing to the formation of a benzylidene 
compound. 

The composition and mode of formation of the base indicate that 
it is 2-p-broinobenzenehydrazoglyoxaline, or a substance resulting 
from this by the benzidine or semidine change. The formation of 
a dihydrochloride and a benzylidene derivative rule out the first 
suggestion, whilst the formation of the latter compound also 
eliminates the semidine-type formula III given below. This 
formula and the benzidine-type formula I are also incompatible 
with the behaviour of the compound on treatment with nitrous 
acid and sodium /3-naphthoxide, but the semidine-type formula II, 
representing 2 -5 f -bromo-2 f ~amin ocmilimgfyozaMne, admits the 
possibility of o-diasoimine formation with nitrous acid, and is in 
harmony with all the observed properties of. the compound (com¬ 
pare p. 223). . 


\ / 


’NHL CH-NH. 


CH'NJEL 


§™>o-nh 3 



NH, 

(II.) 






OSTH-C--N- 
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2 -Aminoglyoxaline (XII, p. 223). 

For the purification of 2-aminoglyoxaline, crystallisation of the 
stannichloride and hydrogen oxalate has proved to be useful. 

The free base can be obtained (1) from the hydrochloride by the 
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addition of an equivalent quantity of sodium carbonate, evapora¬ 
tion to dryness, and extraction, with alcohol, and (2) from the 
hydrogen oxalate by treatment with aqueous barium hydroxide, 
removal of the excess of this by carbon dioxide, and evaporation 
of the solution under diminished pressure. In either case, it is 
obtained as a nearly colourless syrup which gradually turns brown 
on keeping. It is miscible with water and alcohol, sparingly 
soluble in chloroform, but hardly soluble in ether or benzene. 

The hydrochloride crystallises from absolute alcohol in long, 
colourless plates which melt at 152° (corr.). It is deliquescent, 
and readily soluble in cold, very readily so in hot absolute alcohol. 
Its aqueous solution reacts neutral to litmus. 

Found: C = 30*2; H = 5*2; N = 34*7; 01 = 29-9. 

C 3 H 5 N a ,HCl (119*5) requires C = 30*l; H = 5*l; N=35*l; 01 = 29*7 
per cent. 

The stannichloride crystallises from two to two and a-half times 
its weight of 10 per cent, hydrochloric acid in prismatic needles, 
which ar© anhydrous and melt at 286° (corr.). It is readily soluble 
in water. 

Found: 01=42*4. 

(C 3 H 5 N 3 ) 2 ,H 2 SnCl 6 (499*6) requires 01 = 42*6 per cent. 

The nitrate separates from water in large, transparent tablets, 
which are anhydrous, and, after drying at 100°, sinter from about 
125° and melt at 135—136° (corr.). 

Found: 3ST = 38*2. 

0 3 H 5 N 3 ,HN0 3 (146*1) requires N = 38*4 per cent. 

The hydrogen oxalate crystallises from water in large, colourless 
tablets, which are anhydrous and melt and effervesce at 211° (corr.). 
It is sparingly soluble in cold, readily so in hot water. 

Found: N = 24*0. 

C 3 H 5 FT 3 ,C. 2 H 2 0 4 (173*1) requires N = 24*3 per cent. 

The picrat-e separates from water in long, glistening, silky 
needles, or in short, prismatic needles, both melting at 236° (corr.) 
after drying at 100°. It is sparingly soluble in cold, fairly readily 
so in hot water. 

Reactions of %-Aminoglyax<ilinei.~~~ 2-Aminoglyoxaline hydro¬ 
chloride dissolved in dilute aqueous copper sulphate gives on the 
addition of sodium hydroxide a green precipitate, which rapidly 
darkens and becomes purple-brown. The same precipitate— 
evidently a. copper salt—is obtained eventually with Fehling’s solu¬ 
tion; no reduction of this solution takes place even on boiling. 
2-Arainoglyoxaline nitrate in aqueous silver nitrate gives a white 
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precipitate on the addition of ammonia ; this precipitate is soluble 
in excess of ammonia, and the solution deposits metallic silver on 
heating. 

2-Aminoglyoxaline hydrochloride in aqueous solution decolorises 
aqueous potassium permanganate instantly; with ferric chloride, it 
gives no coloration. With sodium diazobenzene-p-sulphonate in 
aqueous sodium carbonate, it gives a deep red colour. On the 
addition of sodium nitrite to aqueous 2-aminoglyoxaline hydro¬ 
chloride, a clear, yellow solution is produced which gives a soluble, 
brownish cherry-coloured dye with /3-naphthol in aqueous sodium 
hydroxide. An aqueous solution of 2-aminoglyoxaline hydro¬ 
chloride mixed with dilute aqueous sodium nitroprussid© gives, on 
the addition of sodium hydroxide, a deep blue colour, which slowly 
changes to a bright chestnut on keeping. 

2-Aminoglyoxaline is very stable towards hot acids and alkalis. 
When boiled with 10 per cent, aqueous sodium hydroxide, no 
ammonia is evolved, and it can be recovered unchanged from the 
solution. It can be recovered mainly unchanged after heating 
with concentrated hydrochloric acid for three hours at 170°, and 
even after three hours at 200° a small proportion can be recovered, 
together with ammonium chloride and other unidentified products. 

An aqueous solution of 2-aminoglyoxaline hydrochloride contain¬ 
ing an excess of sodium acetate gives no coloration or other evidence 
of the formation of a benzylidene derivative when mixed with 
benzaldehyde. 

2 -A cetylom moglyoxalin e was prepared by boiling 2-amino¬ 
glyoxaline hydrochloride with anhydrous sodium acetate and acetic 
anhydride for one hour, and mixing the product with aqueous 
sodium carbonate. It crystallises from water in small prisms which 
melt to a brown liquid at 287° (corr.), after sintering and darken¬ 
ing from about 270°. It is anhydrous and sparingly soluble in 
cold water, but fairly readily so in hot water. 

Found: 0-47*7; H = 5‘7; N = 33‘4. 

C 5 H?ON 3 (125*1) requires C~48*0; H = 5*6; N = 33'6 per cent. 

The reactions of this substance are described with those of the 
next compound. 

2-Bernoylaminaglyoxalim was prepared by the Sehotten-Bau- 
mann method. The crude product’ collected from the reaction 
liquor appears to be a di- or tri-benzoylaminoglyoxaline. After 
washing with ether to remove benzoic-anhydride, it formed a nearly 
colourless, crystalline powder, which contained only a trace of 
chloride, but gave an odour of benzoyl chloride when boiled with 
dilute hydrochloric acid. When treated with a little hot alcohol, 
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it dissolved, and 2-benzoylaminoglyoxaline crystallised from the 
hot liquor, whilst the mother liquor from this left an oil—appar¬ 
ently ethyl benzoate—on distillation. 2-Benzoylaminoglyoxaline 
was purified by crystallisation from alcohol, from which it separates 
in glistening leaflets, melting at 227° (corr.) after sintering earlier. 
It is sparingly soluble even in hot alcohol, and almost insoluble in 
boiling -water. 

Found: C = 63*9; H = 4*9; N = 22*4. 

C 10 H 9 ON 3 (187*1) requires C=64*l; II = 4*9 ; 3ST = 22*5 per cent. 

2-Acetylaminoglyoxaline and 2-benzoylaminoglyoxaline are 
soluble in dilute hydrochloric acid and in aqueous sodium hydr¬ 
oxide, but not in aqueous , sodium carbonate. They give cherry- 
red solutions with sodium diazobenzene-y-sulphonate in sodium 
carbonate, but do not give colorations with sodium nitroprusside 
and sodium hydroxide. They do not change the colour of cold 
aqueous acid permanganate, but give green solutions with cold 
aqueous permanganate in sodium hydroxide solution. When mixed 
with hydrochloric acid and sodium nitrite, they do not couple with 
/3-naphthol in aqueous sodium hydroxide. 


The Bcnzeneazo-k-methylgl/y opalines. 

37*2 Grams of aniline in 100 c.c. of hydrochloric acid and 300 c.c. 
of water were diazotised with 28*8 grams of sodium nitrite in 
150 c.c. of water. The solution was run slowly into a solution of 
32*8 grams of 4-methylglyoxaline and 100 grams of sodium 
hydrogen carbonate in 2 litres of water at 10° and kept overnight. 
The orange precipitate was collected, washed well with water 
(filtrate F), and triturated successively with 500, 250, and 250 c.c. 
of 2*5 per cent, aqueous hydrochloric acid. The insoluble fraction 
formed a dark red powder, which amounted to 23*2 grams, and 
decomposed at 175° after sintering from 160°. On crystallisation 
from 300 c.c. of alcohol, it gave 17*3 grams of pure 2 :h-hishenzens- 
a s o- 4-m ethylglyoxaline , the remainder of the material forming a 
black resin. 

The hydrochloric acid extract was basified with sodium carbonate, 
and gave 40*4 grams of a yellow, crystalline powder, which 
sintered from 160° and decomposed at 195°. On crystallisation 
from 400 c.c. of alcohol, it gave, successively, 13*1 grains melting 
at 235°, 3*9 grams melting at 232°, which both gave o-benzeneazo- 
4- methylglyoxaUne on recrystallisation, then 7*4 grams melting at 
175°, which gave 2-benzeneazQ-A~methylglyoxaline on recrystallisa¬ 
tion, then 12*4 grams of a mixture of the two compounds. 
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Owing'to the formation of the bis-compound in the above reac¬ 
tion , the benzenediazonium chloride employed was insufficient to 
combine with the whole of the methylglyoxalme present, and it was 
calculated that 10'5 grams of this remained in the filtrate F. This 
was accordingly treated with a diazo-solution prepared from 11*9 
grams' of aniline", and gave further quantities of the substances 
described above, 5*3 grams of the bis-compound and 5*6 grains of 
5-benzeneazo-4-methylglyoxaline being obtained in a nearly pure 
state. 

2~Be?iseneazoA-methylglyoccaline (XIV, p. 224) crystallises from 
alcohol in orange prisms, which melt at 185° (corn). 

Found: 0=64*8; II = 5*6; N = 30*l. 

Oi 0 H 10 N 4 (185*2) requires C = 64*5; H = 5*4; N = 30T per cent. 

5-Benzeneazo-4:-methylglyoxaUne (XVIII, p. 224) crystallises 
from alcohol in flat, glistening, copper-coloured needles, which melt 
and decompose at 240° (corr.). 

Found: 0=64*5; H = 5*6; N = 30*0. 

C 10 H 10 N 4 (185*2) requires 0 = 64*5; H = 5*4; N = 30’l per cent, 

2: Q-Bisbenseneaso-i-methylglyoccaline separates from alcohol in 
prismatic needles and from ethyl acetate in cubes. Both forms are 
garnet-red in colour and melt and decompose at 206° (corr.). 

Found: 0 = 66*0, 65*9; H = 5T, 5*1; N=28*8, 28*8. 

C 16 H 14 N 0 (290*2) requires 0=66*2; H=4*9; X = 29*0 per cent. 

This substance is readily soluble in alcohol, ethyl acetate, or* 
acetone, fairly readily so in chloroform, but sparingly so in ether 
or benzene. 

It is soluble in aqueous sodium hydroxide, and is reprecipitated 
unchanged on the addition of acetic acid. It is only very sparingly 
soluble in dilute hydrochloric acid. When boiled with 10 per cent, 
aqueous hydrochloric acid, it is quickly resinified with effervescence, 
doubtless due to nitrogen, and the production of an odour of phenol. 


Reduction of 2~Benzeneazo-^~methylglyoxaline with -Stannous 
Chloride. 

1*5 G-rams of 2~beitzeneazo-4-iuethylglyoxaline gave 1*4 grams of 
2~amino-5-p-aminopheuyl-4-methylglyoxaline dihydrochloride when 
reduced with stannous chloride in the manner previously described 
for the lower horaologue (p. 238). 

2-/3 mino-5-p-aminophenyl - 4 - methylglyoxalme dihydwchloride 
crystallises from water in diamond-shaped plates, which are 
anhydrous and do not melt below 300°. It is readily soluble in 
cold, very readily so in hot water. 
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Found; C = 46*0, 45*93 H = 5*5, 5*5. 

C 10 H 12 N 4 ,2HC1 (201*0) requires 0=46*0 3 H = 5*4 per cent. 

When boiled with an excess of aqueous sodium carbonate and 
animal charcoal, it yields the monohydrochloride , unlike the lower 
homologue, which yields the corresponding base under this treat¬ 
ment. 

The monohydrochloride crystallises from alcohol in flat needles 
which sinter at about 80°, become discoloured rapidly about 240°, 
and melt at 260° (corr.). It is readily soluble in hot water or 
alcohol, less so in these solvents when cold. 

Found, in air-dried base, loss at 60° in a vacuum, 13*2, 13*3. 

C 10 H 12 ]Sr 4J HCl,2-|-H 2 0 requires loss of 2H 3 0 = 13*4 per cent. 

Found, in base so dried: 0 = 51*5 3 H = 5*6; N = 24*0, 24*0 3 
01 = 14*9. 

Ci 0 H 12 N 4 ,HC1,|H 2 O (233*7) requires 0 = 51*43 H = 6*03 N = 24*03 
* 01 = 15*2 per cent. 


The dipicrate forms glistening, yellow needles, which melt and 
decompose at 255° (corr.) after darkening earlier. It is very 
sparingly soluble even in boiling water. 

An aqueous solution of the hydrochloride reduces cold 
amrnoniacal silver nitrate. It gives, with Fehling’s solution, a 
greyish-green precipitate, which becomes pale brown on boiling the 
liquor 3 with cold aqueous acid permanganate, instant reduction 3 
with sodium diazobenzene-p-sulphonate, a pale orange colour, which 
deepens on keeping 3 with hydrochloric acid and sodium nitrite, an 
orange-yellow solution, which yields a sparingly soluble claret dye 
when added to a solution of j8-naphthol in aqueous sodium hydr¬ 
oxide. On the addition of sodium hydroxide to an aqueous solu¬ 
tion of the hydrochloride and sodium nitroprusside, an orange 
colour is produced, which changes to green on the addition of 

acetic acid. . 

The diacetyl derivative was prepared by the action of sodium 
acetate and acetic anhydride on the dihydrochloride, and was 
purified fly crystallisation of the hydrochloride. 

‘l-Acetyylamino-h-p-acetylamino'phenyl-^methylglyoxaline hydro - 
chloride crystallises from, water in felted,, silky'needles, which are 
sparingly soluble in cold water, contain 4II 2 0, and, after drying at 
100°, melt and decompose at 303° (corr.). 

Found, in air-dried salt, loss at 100° = 19*0. 

C h Hj 6 0 2 N 4 ,HC1,4H 2 0 requires H 2 0 ~ 18; 9 per cent 
Found, in salt dried at 100°, Cl = 11*4, 


C m H w 0 2 N 4 ,HC1 (308*7) requires Cl = 11 *5 per cent 
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On adding ammonia to an aqueous solution of the hydrochloride, 
the base was precipitated in minute, glistening needles, which, after 
drying at 100°, melted to a red liquid at.280° (corr.). 

Monob enzylidene Derivative. —To 0*5 gram of the dihydro¬ 
chloride in 5 c.c. of water there were added, first, Q’55 gram of 
sodium acetate in 5 c.c. of water, and then 0*5 c.c. of benzaldehyde, 
and the mixture was stirred. A yellow colour was developed, and 
the aqueous liquor became turbid and gradually deposited crystals. 
On adding a few drops of acetic acid and ether, the quantity of 
crystals was increased. They were collected and washed with 
water and ether, when there remained 0’5 gram of a pale yellow, 
crystalline powder, which proved to be the acetate of 2-amino-o-'{>- 
bemylideneaminophenylA-methylglyoxaHne. When dried at 100°, 
it melts and decomposes at 208° (corr.), after sintering and darken¬ 
ing earlier. 

Found, in substance dried in a vacuum, C=67*2; H = 6-2; 
N = 16*2* 

C I7 H 30 ]Sr 4 ,C 2 H 4 O 2 (336-3) requires C = 67'8; H^6-0;N = 16-7 
per cent. 

This salt is very sparingly soluble in cold water, hut slightly so 
in boiling water, with which, however, it gives an odour of benz¬ 
aldehyde, and thus appears to suffer hydrolysis. When mixed with 
aqueous sodium carbonate, it yields the base as a deep yellow, in¬ 
soluble gum, which could not be obtained in crystalline form. 
When the acetate is moistenel with 10 per cent, aqueous hydro¬ 
chloric acid, it turns red, but does not dissolve until the mixture 
is warmed, when the red colour disappears. 


Deduction of 2-BenzeneazoA-melhylglyoxalinc with Zinc Dust and 
Acetic Acid, 


Two grams of the azo-compound were reduced by the method 
applied to the lower homologue (p. 241) and worked up in the same 
manner as far as the removal of the aniline by extraction with 
ether. The solvent removed 0*65 gram of crude aniline. The 
alkaline liquor remaining was acidified with hydrochloric acid, 
evaporated to dryness, and extracted with absolute alcohol, when. 
1*4 grams of brown syrup Were removed. This, when dissolved in 
a little absolute alcohol and kept, deposited 0*7 gram of nearly 
pure alacreatinine hydrochloride. 

This was converted into the picrate, when a very small quantity 
of 2-amino-5-p-aminophenyl-4-methylglvoxaline dipicrate separated 


* The substance left a trace of ash on'corabustion. 
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from the hot solution, whilst, on cooling, alacreatinine picrate 
crystallised out. After recrystallisation, the salt was obtained in 
a pur© state, and was converted into the base and hydrochloride by 
the usual methods. 

Alacreatinine crystallises from water in stout, elongated prisms 
which resemble carbamide, and contain 1H 2 G, as previously stated 
by Baumann (Annalen, 1873, 167, 83). After drying at 100°, it 
melts at 222—223° (corr.). (Found, in air-dried salt, H 2 Q = 13*6. 
Calc.: 13-7. Found, in dried salt, C=42*4; H = 6*3; N —38*9. 
Calc.: C=42*5; H = 6*2; N = 37*l per cent.) 

It does not give Weyl’s reaction, and does not reduce cold 
aqueous acid permanganate, but gives a green solution with cold 
alkaline permanganate. 

The hydrochloride crystallises from absolute alcohol in clusters 
of prisms, which are anhydrous and melt at 202—203°' (corr.). It 
is very readily soluble in water, sparingly soluble in cold, fairly 
readily so in hot alcohol. 

Found: Cl = 23’6. 

C 4 H 7 0N 3 ,HC1 (149*6) requires Cl = 23*7 per cent, 

The picrate separates from water in yellow, prismatic needles, 
which are anhydrous and melt and decompose at 212° (corr.) after 
sintering from about 200°. It is sparingly soluble in cold, fairly 
readily so in hot water. 

Found: N = 24*5. 

C 4 H 7 0N 3 ,C 6 H 3 0 7 N 3 (342*2) requires N = 24*6 per cent. 


Reduction of 5-Benze,neaz&A.~methylglyoxdline with Stannous 
Chloride. 

Fourteen grams of the azo-compound were dissolved in a boiling 
mixture of 70 c.c. of 10 per cent, aqueous hydrochloric acid and 
140 c.c. of water, and jnixed with 80 c.c. of stannous chloride 
solution. The crystalline and residual tin salts were separated as 
in the experiments described earlier, and decomposed separately 
by hydrogen sulphide. The crystalline salts gave a solution of 
hydrochlorides, which, when evaporated nearly to dryness and mixed 
with alcohol, left 6*1 grams of ammonium chloride undissolved. 
(Alcoholic mother liquor=A.) The residual salts gave a solution 
of hydrochlorides, which on concentration deposited 1*7+ 0*5 grams 
of the hydrochloride, CcfH. l(} OJii z fH.O\ y described below, and on 
further concentration and addition of alcohol gave 1*5 grams of 
ammonium chloride. The alcoholic mother liquor was combined 
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with. A, and gave 4*7 grams of aniline, together with. 3*8 grams of 
a brown, gummy, hydrochloride. This was a mixture from which, 
only very small quantities of crystalline compounds were isolated 
by various methods of treatment. 

The hydrochloride., C 9 H 10 ON 2 ,HCl, crystallises from water in 
colourless, transparent, rectangular tablets, which melt and 
effervesce at 308° (corr.) after sintering and darkening earlier. It 
is readily soluble in hot, less so in cold water, giving, a solution 
which is strongly acid to litmus. 

Found, in air-dried salt, loss at 110° = 1*7. 

Found, in salt dried at 110°: C-54*8, 54*8, 55*0; H = 5*9, 5*0, 
5*2; N = 13*5; 01 = 17*2. 

0 9 H 10 ON 2 j IIC 1 (198*6) requires C = 54*4; H = 5*6; N = 14*l; 

Cl = 17*8 per cent. 

The corresponding base is obtained by adding ammonia to a con¬ 
centrated aqueous solution of the hydrochloride. It crystallises 
from water in brilliant, elongated prisms, which are anhydrous and 
melt at 185° (corr.). 

Found: 0=66*6, 66*1; H = 6*2, 6*1; N = 17*8, 17*2. 

Cc,H 10 OH 2 (162*1) requires C = 66 * 6 ; H = 6 * 2 ; N = 17*3 per cent. 

The base is more readily soluble in dilute aqueous sodium, hydr¬ 
oxide than in water. With silver nitrate it yields a white pre¬ 
cipitate, which dissolves on the addition of ammonia; on boiling 
this solution, no reduction takes place. The base does not reduce 


Fehling's solution on boiling. 

It is stable towards cold aqueous acid potassium permanganate, 
but slowly reduces cold alkaline permanganate, giving a green 
solution. It gives no coloration with sodium diazohenzene-y- 
sulphonate in aqueous sodium carbonate. When dissolved in 
hydrochloric acid and mixed with sodium nitrite, it fails to couple 


with /3-naphthol in aqueous sodium hydroxide. The hydrochloride 
ecovered slightly charred, hut otherwise unchanged, after the 
on of concentrated hydrochloric acid at 170° for two and a-half 


> quantity of this compound available was insufficient for the 
ination of its constitution, and we are consequently unable 
any suggestion as to how one of the carbon atoms of the 
material has been eliminated. It is perhaps worth recorcl- 
at the formula C 9 H 10 ON 2 is that of a phenyldihydro- 
one. 
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'Reduction of 5 -Bemeneazo-A-methylglyoxaline with Zinc Dust 
and Acetic Acid. 

Ten grains of the azo-compound were dissolved in 150 c.c. of 
boiling 50 per cent, acetic acid and reduced by adding gradually 
16 grams of zinc dust. After removing the zinc as sulphide, the 
liquor was mixed with 20 c.c. of hydrochloric acid, evaporated to 
a syrup, and mixed with alcohol, when T3 grains of ammonium 
chloride were collected. The alcoholic" mother liquor was deprived 
of the solvent, dissolved in water, mixed with sodium carbonate, 
and shaken with ether, when 1-6 grams of the base, c 10 h u on 8> 
described below, separated as a nearly colourless, insoluble, crystal¬ 
line powder. The ethereal solution left on evaporation 3'3 grams 
of aniline. From the alkaline liquor, 5*5 grams of a mauve varnish 
were obtained, from which only small quantities of crystalline sub¬ 
stances could be isolated by various methods of treatment. 

The base, C 10 H 11 ON 3 , crystallises from water in small, colour¬ 
less, glistening, rhomboidal plates, which are anhydrous and melt 
at 265° (corr.). It is very sparingly soluble in cold water, rather 
more readily in boiling water. 

Found: C=63’7; H = 6*2; N = 22*0. 

C 10 H n ON 3 (189*2) requires C = 63*5 ; H = 5*9; 11=22*2 per cent. 

The hydrochloride crystallises from absolute alcohol in trans¬ 
parent, oblong plates which melt at 206—208° (corr.). It is 
readily soluble in water, concentrated hydrochloric acid, or hot, 
alcohol. Its aqueous solution reacts strongly acid to litmus. 

The base dissolves slowly in cold 10 per cent, aqueous sodium 
hydroxide, readily on warming, and a well-crystallised sodium salt 
separates from the solution in prismatic needles. This salt is 
decomposed by carbon dioxide with the regeneration of the base. 
A solution of the base in aqueous sodium hydroxide gives with 
Fehling’s solution no change in the cold, but a green precipitate 
on boiling. A solution of the base in nitric acid gives no pre¬ 
cipitate with silver nitrate, but on the addition of ammonia a 
whit© precipitate, which dissolves on heating the solution, reappears 
on cooling, and is soluble in excess of ammonia. An aqueous solu¬ 
tion of potassium permanganate is unaffected by a solution of the 
base in sulphuric acid, but turns green with a solution of the base 
in aqueous sodium hydroxide. The base does not couple with 
sodium' diazobenzene-p-sulphonat© in aqueous .sodium.''carbonate, 
and when dissolved in hydrochloric acid and mixed with sodium 
nitrite does not couple with sodium /3-napbthoxide. 

• "' '"When the hydrochloride: is heated with ''"Concentrated' hydrochloric 
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sodium nitrite a deep orange solution, which, yields a sparingly 
soluble purple dye with sodium /3-naphthoxide. On mixing a solu¬ 
tion of the hydrochloride in dilute acetic acid with sodium acetate 
and benzaldehyde, there is evidence of the formation of a benzyl- 
idene derivative. When an aqueous solution of the hydrochloride 
is mixed with sodium nitroprusside, a pale huff precipitate is 
formed, which dissolves in sodium hydroxide, giving a deep red 
solution. 

The triacetyl derivative was obtained by heating the hydro¬ 
chloride for on© hour on the water-bath with an excess of acetic 
anhydride and anhydrous sodium acetate. On heating the product 
with aqueous sodium carbonate, it separated as a slate-grey, crystal¬ 
line powder, which did not melt at 300°. 

Found: C = 55*2j H = 4*l; N = 12*6, 12-7; Br = 17*3. 

C, 1 H 19 0 3 N 4 Br (455-2) requires C=55’4; H=4*2; N=12-3; 

Br=17*6 per cent. 

It is almost insoluble in boiling water or alcohol, and does not 
dissolve in dilute acids or in aqueous sodium hydroxide. 

From its mod© of formation, composition, and properties, it is 
clear that the hydrochloride, Ci 5 H ls N 4 Br,2IICl, arises from 
2-phenyl-4-p-bromob&nzemehydrazoglyoxaline by a change of the 
semidin© or benzidine type, but it is not possible to decide definitely 
without further evidence which of the three formula} given below 
represents its constitution. 


Bv/ \m~C-NIL 


Br( 


\nh s 

NE- 


OH-NEL 
J4_ N >CPh 


Br<( 




— S ^-N> CPh • 


2-l)~$idphabenzeneazoglyoxaline-&:5~dicarbaxylic Acid 
(XX, p. 226). 

20 *8Grama of sulphanilio acid were .converted, into diazobenzene- 
p-sulphonic acid, and the moist crystals (representing about 
20 grams of dry substance) were added to a cold solution of 16 
grams of glyoxaline-4:5-dicarboxylic acid in 240 c.c. of 10 per 
cent, aqueous sodium hydroxide. After keeping for one and a-half 
hours, the liquor -was mixed with sufficient glacial acetic acid 
(36 c.c.) to neutralise the alkali, cooled,; and kept for half an hour, 
when a mass of silky, yellow needles—the disodium salt of the new 
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acid, separated. These were recrystallised twice from 200 c.o. of 
water, and finally dissolved in 150 c.c. of hot water and mixed with 
50 c.c. of hydrochloric acid, when 12 grams of 2-p-sulphobenzene- 
azogly oxaline-4 : 5 -dicarboxylic acid separated in red, microscopic 
prisms mixed with some smaller crystals of glyoxaline-4:5-dicar b- 
oxylic acid, from which it was purified by fractional crystallisation 
from -water. 

The acid separates from water with 2H 2 0, which is lost at 130° 
in a vacuum, but not at 100 — 110 ° under normal pressure. 

Found, in air-dried t substance, loss at 130° in a vacuum = 10*0; 

0 = 35*5; H = 3 3; N = 15*l; S = 8*2. 

C n H 8 0 7 N 4 S,2H 2 0 (376*2) requires H s O,= 9-6; C = 35*l; H = 3*3; 

N = 14*9; S = 8*5 per cent. 

It is sparingly, soluble in cold water, but readily so in hot. It 
is soluble in aqueous alkalis, but not more soluble in dilute aqueous 
mineral acids than in water. 

The disodium salt separates in yellow, silky needles, which con¬ 
tain 3H 2 0, when the acid is dissolved in aqueous sodium hydr¬ 
oxide and sufficient acetic acid is added to combine with the alkali. 
It is readily soluble in hot water, somewhat sparingly so in cold. 

Found, in air-dried salt, loss at 10.0° ™11’6, 12‘6. 

Ci 1 H 6 0 7 N 4 SNa 2 , 3 H 2 0 (438*2) requires 3H 2 0 — 12*3 per cent. * 

Found, in salt dried at 100°, S~8*2 ; hT—11*7. 

C n H 6 0 7 N 4 SNa 2 (384-2) requires S=8*4; N = 12*0 per cent. 

Beduction of 2 -p - Sulphohenzeneazoglyoxalim -4:5- d% carboxylic 
Acid: Formation of 2-AniinoglyoxaUneA:5~dicarbexyMc Acid 
(XXI, p. 226). 

6*2 Grams of the disodium salt were dissolved in 60 c.c, of 10 
per cent, aqueous sodium hydroxide, mixed with 12 grams of sodium 
hyposulphite (80 per cent.), and boiled. The nearly colourless 
solution was kept overnight, acidified with hydrochloric acid, 
boiled, and filtered hot, when 1*6 grams of crude 2 -aminogiyoxalme- 
4:5-dicarboxylic acid separated. This was purified by solution in 
aqueous sodium hydroxide, filtration, and reprecipitation with 
hydrochloric acid, and finally crystallised from about 500 c.c. of 
dilute hydrochloric acid. 

2-A minoglyoxaline-4:5~dicarboxylic acid forms minute, pale 
buff needles, which effervesce at 245° (corr.) and then melt. It is 
very sparingly soluble in cold water, a little more readily in hot. 
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Found, in substance dried at 110°, C —34-6; H = 3*2: N=24*6. 

C 5 Ii 5 0 4 K s (171-1) requires C = 35T; H = 3*0; M = 24*6 per cent. 

It is soluble in aqueous alkalis, but not appreciably more soluble 
in dilute acids than in -water. An aqueous solution, acidified with 
sulphuric acid, decolorises cold aqueous permanganate instantly. 
When treated with hydrochloric acid and sodium nitrite and 
poured into a solution of j 8 -naphthol in aqueous sodium hydroxide, 
it gives a reddish-brown colour. With sodium diazobenzene-p- 
sulphonate in aqueous sodium carbonate, it gives a reddish-brown 
colour. It does not give any characteristic colour with sodium 
..nitroprusside and sodium hydroxide. 

Action of Water at 170°.—After a preliminary experiment, in 
which it was found that the product contained ammonium 
carbonate, 1*33 grams of the acid and 30 c.c. of water were heated 
in a sealed tube for twelve hours at 170°, when a dark brown 
deposit formed. After adding alkali and distilling into standard 
acid, O’157 gram of ammonia was found, whereas 0T32 gram repre¬ 
sents the liberation of one molecular proportion. From the resi¬ 
due of the distillation, small quantities of a crystalline picrate were 
isolated, but in insufficient amount for characterisation. 

Action of Boiling Aniline. —0*9 Gram of the acid was boiled 
with 10 c.c. of aniline for six hours under a reflux condenser, in 
which a small quantity of ammonium carbonate collected. The 
product was distilled with steam to remove aniline, and left a 
pale brown, aqueous liquor containing some resinous* matter. The 
liquor was cooled, filtered, and mixed with cold saturated aqueous 
picric acid, when 1*0 gram of a crystalline picrate! melting . at 
.about 215°, was obtained. After crystallising this Rfrom water 
twice, it gave 0*4 gram of 2-aminoglyoxaline picr^' -» halting at 
234° (con\), the pure substance melting at 236°, ab^v mixture-*-, 
■of the two at 234° in the same bath. From the picrate/lfhe hydro¬ 
chloride and stannichloride were prepared, and identified as the 
salts of 2 -aminoglyoxaline previously described. 

The Wellcome Chemical Research Laboratories, 

London, E.C.1. 

[Received, February 1th, 1019.] 
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XXVII .—Mercury Mercaptide Nitrites and their 
Reaction ivith the Alkyl Iodides. Part IV. Chain 
Compounds of Sulphur (continued). 

By, Peafulla Chandra Bay and Peafulla Chandra G-tjha. 


In. this investigation, the reactions of several actual and potential 
mercaptans, some of them cyclic, have been studied. It was ex¬ 
pected that in these, the molecules being of a more complex nature, 
the radicle, especially *SHgN0 2 , would far more readily part com¬ 
pany with the parent substance and lead an independent existence 
as the compound, 3(SHgN0 2 ),PIg0 (T., 1917, 111, 101). The 
result has proved to be just the reverse. 

5-Thiol-2-thio-3-phenyl-2 : 3-dihydro-l : 3 :4-thiodiazole, 


NPh-N, 

cs—s- 


>C*SH, 


yields, with mercuric nitrite, the corresponding mercaptide nitrite 
(compare T., 1916, 109, 131), 

RSH + Hg(.N0 2 ) 3 =RS*HgNO a +HNO a . 

Mercuric nitrite and phenyl mercaptan furnish a compound, 
PhoS-jHg, evidently a mercaptide, and sometimes another oxy-salt, 
(3PhS,HgO) 2 . It is only in exceptional cases (see p. 264) that 
the expected mercaptide nitrite, PhS‘HgN0 2 , is obtained, and then 
only in an impure form. 

The reaction appears to proceed in the following stages: 

PhSH + Hg(N 0 2 ) 2 = PhS’HgN 0 2 + UNO* 

The nitrous acid thus liberated oxidises another pair of molecules 
of phenyl mercaptan to diphenyl disulphide, and the latter then 
forms with mercuric nitrite the compound, 


Ph£S*SPh 

/\ 

0,NUg NO, 


XT n PhS-SPh 

^ /\ 

Hg-0 


Two molecules of this compound combine with a molecule of 
diphenyl disulphide, giving rise to the compound, 

PhS-BPh 
2 /\ ,Ph (l S 2 . 

Hg—O 


3-Phenyl-5-methyl-2-thiohydantoin gives the mercaptide nitrite, 


CO-NPb 

CHMe-N 


>OSHgTO 2 . 


YOL. CSV. 


M 
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Potential Mercaptans. 

The interaction of inercuric nitrite and the aryl substituted 
thiocarbamides, thiosemicarbazides, thiocarbazides, etc., follows the 
ordinary course, but no detachment of the organic radicle takes 
place. Thus with phenylthiocarbamide we have 

NllPlrC(NH 2 ):S Hs(N0 ^ NHPh-C(:NH)-S*HgN0 2 

NHPh-C(:NH)-S(HgN0 2 )<? g . 

Attention may also'here be directed to the interesting analogous 
case of potassium phenyldithiocarbazinate, which combines in itself 
the function of a real and of a potential mercaptan, thus: 

NHPh’NH-CSjK NHPlv3s T :C(SH)-SK -> 

NHPlvN:C(S*HgN0 2 )*S(HgN0 2 )<? g . 

The sulphur atom belonging to the potential mercaptan alone 
becomes quadrivalent. 

Migration of Alkyl Radicles : 

When thiocarbanilide methyl ether is treated with mercuric 
nitrite, the methyl group migrates to the neighbouring nitrogen 
atom, hydrogen taking its place, thus: 

N HPh* C(: NPh)*SMe Hg(N0 $ NMePh-C(:NPh)>SH-> 

NMePh*C(:NPh)-S-HgN0 2 . 

That the reactions described above are of wide application is 
borne out by the behaviour of 5-methylthiol-2-thio-3-phenyl-2:3- 
dihydro-1: 3 :4-thiodiazole, which with mercuric nitrite gives the 
compound, 

Reaction with the Alkyl Iodides; Formation of Mono-, Di-, and ■ 
Tri-sulphomum Compounds. 

The reaction follows the general course with this material differ¬ 
ence, that the complex radicle, being overweighted, can no longer 
retain its entity, but the less stable part of it is usually ruptured. 
Of special significance from this point of view is the rupture of 
the ring of the heterocyclic mercaptide nitrites. When the 
mercaptide nitrite of 5-thiol-2-thio-3-phenyl-2 : 3 -dihydro-1:3 :4- 
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tliiodiazole is digested with an alkyl iodide, the product (I) is 
obtained, and by further action of the alkyl iodide, the phenyl 

Hgl R Hgl R Hgl R 

R*NPh*N:CR*B-ill NR.,’N:CR*S- HR nr 2 -nr-cr 2 -s—SR , 

i i II II 

(I.) (II.) (in.) 

group is displaced by the alkyl group and the compound (II) is 
formed, v Finally, two more alkyl groups are attached, with the 
production of the compound (III). 

' By the action of methyl iodide, two compounds corresponding 
with stages (I) and (III) have been isolated, whereas in the case 
of ethyl iodide only one compound has been obtained, which corre¬ 
sponds with stage (II). 

When 2-thio-3-phenyl-2 :3-dihydro-l: 3 :4-thiodiazole disulphide 
dissolved in carbon disulphide was heated under reflux with ethyl 
and mercuric iodides, not only was there no rupture of the thio- 
diazol© rings, but one of the tertiary nitrogen atoms became 
quaternary by combining with a molecule of ethyl iodide, and the 
following compound, 

Hgl Et 

NPk-NEtR I I N’NPh 

6s- c <s~6s • 

I I 

was obtained. 

The action of alkyl iodides on phenyl mercaptide nitrite follows 
the usual course and yields compounds of the general formula 
PhRS 2 ,HgI 2 ,RX. 

An interesting monosulphonium compound has been obtained 
from the mercaptide nitrite of ihiocarbanilide. The reaction prob¬ 
ably takes place as shown below: , 

NHPh-C(:NPh)*S(HgN0 2 )< I ? S CEt 2 I*SEtI*HgL 

The interaction of mercaptide nitrites of thioearbamlide alkyl 
ethers and alkyl iodide takes place as follows: 

JSTRPh* C(:NPh) -S -HgN0 2 

Hgl R' Hgl R' 

NRPh*C(:iSIPh)*S-S*C(:NPh)*NRPh -> R>S- HR' . 

i i i i 

I I I I 


M 2 
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Experimental. 


Interaction, of the Potassium Salt of §-Thiol-%thio-Z-phenyl-2 : 3- 
dihydro-l : 3 : A.-thiodiazole and Mercuric Nitrite: Formation 
of the corresponding Mercaptide Nitrite , 


IjTPh-lS^ 
CS—S"' 


C-SHgNO.,. 


The mercury salt was obtained sometimes anhydrous, but often 
combined with three, five, or eight molecules of water, the degree 
of hydration evidently depending on the dilution of the reacting 
substances. They all evolved nitrous fumes when treated with 
hydrochloric acid: 

0-2724 gave 0-1187 Hg. . Hg = 43*59. 

0-1100 „ 0*0810 C0 2 and 0-0187 H s O. C = 20-08* H = l*89. 

0-1420 „ 10-2 c.c. N 2 at 25° and 760 mm. N = 8*10. 
O s H 5 0 2 N s S 3 Hg requires Hg=42*46j 0 = 20*38; H = 1*0G; N = 8*92 
per cent. 

The above with 3H 2 0 : 

Found: Hg = 38-05; C=18-2S; H = 3'29; N = 8*30; S= 18*56. 
Calc,: Hg = 38*09; 0 = 18-29; H = 2T; N=S*00; S = 18‘29 per 
cent. ■ 

f The compound with 5H s O: 

Found: Hg = 35*75; 0=16*92; H = 3*20. 

Calc.: Hg = 35*65; 0 = 17-12; H = 2*67 per cent. 

The compound with 8H 0 0: 

Found: Hg=32*10; 0 = 15-10; H = 3*56; N = 6*16; 8 = 15*08. 
Calc.: Hg = 32-52; 0 = 15-63; H = 3*41; N = 6-83; 8=15*61 per 
cent. 


Mercuric Nitrite and Phenyl Mercaptan . 

Three different compounds have been isolated in this case. 
When an alcoholic solution of phenyl mercaptan is added slowly 
to an excess of mercuric nitrite solution, the reaction takes the 
ordinary course, and the mercaptide nitrite, PhS*HgN0 2 , is mainly 
formed. It is a dull yellow, light granular powder, and is a true 
nitrite. When, however, the mercaptan is rapidly added in excess, 
the whole of the mixture assumes a dirty yellow colour and nitrous 
fumes are evolved. On keeping, a white, granular powder is 
obtained which, when crystallised from hot benzene until quite 
pure, melts sharply at 146°. Under slightly varying conditions, an 
oxy-eompound, (3PhS,HgO) 2 , is formed. As is evident, it is not 
easy to control the reaction so as to give one product to the ex~ 
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elusion of the others. The mereaptide nitrite is always found to 
be admixed with the other products of this reaction. 

The mereaptide nitrite gave different results of analysis on 
different occasions, depending on the proportion of the compound, 
PhoSgHg, admixed with it; generally, however, the values were 
found to be intermediate between those required for the pure 
material and the compound, Ph 2 S 3 Hg. 

The compound, Ph 2 S 3 Hg, melting at 146°, gave the following 
results: 

0T942 gave 0-0864 Hg and 0-3134 BaS0 4 . Hg = 44’48; 

S = 22-16. 

0-0964 gave 0-116 C0 2 and 0-0230 H 2 G. 0=32*17; H = 2’7. 
C J 2 H 10 S 3 Hg requires Hg = 44-44; S = 2P30; 0 = 32-00; H = 2'30 
per cent. 

The compound, (3PhS,HgO), 2 , gave the following results: 

0-4016 gave 0-1506 Hg. Hg = 37-50. 

0-4333 „ 0-5620 BaS0 4 . S = 17’82. 

0-1230 „ 0-1886 C0 2 . 0=41-81. 

C 36 H 30 O 2 S 6 Hg 2 requires Hg=38"02; S = 18-25; 0 = 41-07 per cent. 

The above two compounds were proved to be non-nitrogenous by 
combustion analysis. 


Mercuric Nitrite and Z~Phenyl-b-m eth t/l-2-thiohydan toin; 
Formation of the Compound, • S• HgN0 2 ,2 JJ 2 0. 

The. compound was greenish-grey: 

0-1981 gave Q'0954 HgS and 0-1110 BaS0 4 . Hg = 41*51; 
S = 7-69. 

0-1774 gave 0-1586 C0 2 and 0-0582 H 2 0. 0 = 24-38; H = 3'65. 
0-2836 „ 20-8 c.c. N 2 at 30° and 760 mm. N = 8'10. 

C l 0 H 13 O 5 N 3 SHg requires Hg = 41-07; S = 6-57; 0 = 24-64; H = 2'67; 
1ST = 8*63 per cent. 

Potential M ere a p tans. 

Mercuric Nitrite and Phenylthiocarbamide: Formation of the 
, Compound, , NHPh-C(:NH)*S(HgNO s )<^ S . 

This was deep yellow : 

0-3512 gave 6-2350 Hg and 0-1227 BaS0 4 . Hg=66-9; S = 4*8. 
0-2015 „ 11-4 c.c. No at 26° and 760 mm. N = 6*40. 

C 7 H 7 O s N 3 SHg 2 requires Hg — 65-25; S=5'22; N = 6*85 per cent.. 
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Mercuric Nitrite and s-Dijrhem/lthiocarbamide: Formation of the 
Compound.., ¥HPh-C(:NPh)-S(HgN0 2 )<^ S . 

This was a brownish-yellow, granular powder : 

0-3422 gave 0-1970 Hg and 0'1069 BaS0 4 . Hg = 57-57 ; S=4-64. 
0-3970 „ 0-1141 C0 2 and 0*0244 H 2 0. 0=22*27; H = 1'94. 

C 13 H n 0 3 N 3 SHg 2 requires Hg=58*07; S = 4*64; C=22-64; H = l*60 
per cent. 

The above compound is only rarely formed. The product gener¬ 
ally obtained conforms to the formula 

Hg[NPh-C(:NPh)-S-HgK0 2 ] 2 : 

0-1555 gave 0*0947 HgS and 0*0741 BaS0 4 . Hg = 52*51: 
S = S*55. 

0-2275 gave 0-1367 HgS and 0*0992 BaS0 4 . Hg= 51-80; 
S = 5*99. 

C 2 6 H 20 O 4 N G SoHg 3 requires Hg = 52-43; S = 5*59 per cent. 


Mercuric Nitrite and Thiosemicarb azide: Formation of the 
Compound, Hg[H(NH 2 )-C(:NH)-S*HgN0 2 ] 2 . 

An aqueous solution of the thin-compound was used. The pro¬ 
duct was a dull yellow, granular powder: 

0-2715 gave 0'1870 HgS and .0*1362 BaS0 4 . Hg = 68-87; 
S = 6-89. 

0TQ32 gave 11-8 c.c. N 2 at 32° and 760 mm. N = 12’60. 
CoH 6 0 4 N 8 S 2 Hg 3 requires Hg = 68*96; S—7*36; N = 12*87 per cent. 


Mercuric Nitrite and Diphenyl thiosemicarb azide: Formation of 
the Compound, Hg[N(NHPh)-C(:NPh)-S*HgN0 2 ] 2 . 

This is an orange-yellow, granular powder: 

0-1797 gave 0-0925 Hg. Hg = 51*48. 

0-2577 „ 0*2498 CO a and 0*0523 H 2 0. C=26-21; H = 2-25. 

0-1380 „ 11*7 c.c. N a at 32° and 760 mm. N=9*38. 
C 2Q H 22 0 4 N 8 S 2 Hg 3 requires Hg=51*ll; C=28*57; H = l*87; 

N = 9*54 per cent. 
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Mercuric Nitrite and Diphenylthiocarbazide: Formation of the 
Compound, Hg[N(NHPh)-C(:N*NHPli)-S-HgN0 2 ] 2 . 

This is *a pink, granular powder : 

01667 gave 0‘0965 HgS and 0-0607 BaS0 4 . Hg=49’91; 
S = 5-00. 

01463 gave 0-1404 CO, and 0*0327 H 2 0. C = 2614; H = 2'48. 
01167 „ 11-7 c.c. N 2 at 30° and 760 mm. N = 11*26. 

Co 6 H 24 O 4 N 10 S 2 Hg 3 requires Hg=49-83; S = 5-31; C = 25'91; 

H = 1'82; N = 11*62 per cent. 

Mercuric Nitrite and Phenylhydrazine Phenyldithiocarhazinate: 
Formation of the Compound, 

NHPh-N:C(SHgN0 2 )-S(FgN0 2 )<? 8 . 

This is a blackish-violet, granular powder: 

0-1971 gave 0*1549 HgS and 01031 BaS0 4 . Hg=67-71; 

S = 718. 

0-1651 gave 8-5 c.c. N 2 at 27° and 760 mm. N = 5'89. 
C 7 H e 0 5 N 4 S 2 Hg s requires Hg = 67-40; S=719; N = 6-30; C=9’44 
per cent. 

The same compound is formed by the interaction of mercuric 
nitrite and potassium phenyldithiocarbazinate. (Found: Hg= 
67-97; 0=9*24; H = 0*98; N = 5*88 per cent.) 


Mercuric Nitrite and Thiocarb anilide Methyl Ether: Formation 
of the Compound, NMePh-C(:NPh)-S*HgN0 2 . 

This is an orange-yellow, granular powder: 

0-2801 gave 0-1038 Hg, Hg=39 - 86. 

0-2377 „ 0 : 3027 C0 3 and 0-0738 H a O. 0= 34-70; H = 315. 

0-2863 „ 22*6 c.c. at 29° and 760 mm. N = 8-99. 

Ci 4 Hi 3 0 2 N 3 SH g requires Hg = 40-00; C = 34’50; H = 2'67; 
N=8-86 per cent. 

Mercuric Nitrite and Thiocarb anilide Ethyl Ether: Formation 
of the Compound, NEtPh*C('.NPh)*S*HgNG 2 . 

The substance is an orange-yellow, granular powder : 

0-3730 gave 0-1478 Hg and 0*1874 BaS0 4 . Hg=39'63; S = 6-91. 
0*1232 „ 9-4 c.c. N 2 at 32° and 760 mm. N = 8*43. 

C I5 H 15 0 2 N 3 SH g requires Hg=39'92; S-6’39; N = 8‘38 per cent. 
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Mercuric Nitrite and 5 -If e thylthiol-2-thio-S-phcnyl-2 :3 -dihydru- 
1:3:4 -thiodiasole: Formation of the Compound, 


NPlrNMe 

cs-s 


>C( H gX 0 2 ) *S* H gN 0 2 ,8H 2 0. 


A clear solution of the thio-compouud in chloroform was 
vigorously agitated with mercuric nitrite solution for nearly half 
an hour, when an emulsion was formed which, after being allowed 
to remain overnight, gave a cream-coloured, granular mass: 

0-1984 gave 0-1055 HgS and 0-1384 BaS0 4 . Hg = 45*85., 
S = 9-58. 

0-1879 gave 0-0884 C0 2 and 0-0296 H,0. C = 12-83; H = l-75. 

0-1603 ,, 10-2 c.c. N 2 at 30° and 760 mm. N = 7-03. 

C 9 Ii 24 Oj 2 N 4 S 3 Hg 2 requires Hg = 45-67; S = lQ-96; C = 12-33; 

H = 0"91; N = 6-39 per cent. 


Mercuric Nitrite and 2-Thio-2-phe-nyl-2 : Z-dihydro-1 :3 :4 -thio- 
diazole Disulphide: Formation of the Compound , 


CS—S'" 


, I "S-CS 
m 2 HgNOg 


(compare T., 1916, 109, 133): 

0-2940 gave 0'1288 Hg. Hg = 43-S0. 

0-1190 „ 9*00 c.c. N s at 30° and 760 mm. N = 8'35. 

C 16 H 10 O 5 N 6 S G Hg2 requires Hg=41"75; N = 8*77 per cent. 


Reaction with the Alkyl Iodides. 

Interaction of the Mercaptide Nitrite of Q-Thiol-2-thio-Z-2dienyl- 
2 :Z-dihydro~\ :Z:4-thiodiasole and Methyl Iodide: Formation 
of the Compound, 

Hgl Me 

NMe 2 ']SrMe*CMe 2 *S-—-SMe . 

1 I 

The method of procedure is exactly the same as in the inter¬ 
action of simple mercury mercaptide nitrites and the alkyl iodides. 
After heating with methyl iodide under reflux, a portion was left 
undissolved, which, when purified by washing several times with 
acetone, melted sharply at 127°. The portion soluble in acetone 
was purified by precipitation with ether, and melted at 107° : 
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0*3129 gave 0*0811 Hg. Hg= 25*92. 

0*4107 „ 0*1066 Hg and 0*3718 Agl. Hg = 25*96; 1 = 48*72. 

0*0844 „ 0*0363 C0 2 and 0*0237 H 2 0. 0 = 11*73; H = 2*45. 

C 8 H 21 N 2 I 3 S 2 Bg requires Hg=25*32; 1 = 48*23; 0=12*15; 

H = 2*66 per cent. 

The compound insoluble in acetone has the formula 
Hgl Me 

NMePh*N*.0Me• S-SMe . 

I I 

0*1867 gave 0*0449 Hg, 0*1527 Agl, and 0*0870 BaS0 4 . 
Hg=25*96; 1 = 48*93; S = 6*40. 

0*1070 gave 0*0590 C0 2 and 0*0734 H 2 0. 0 = 15*06; H = T39. 

0*1227 „ 4*2 c.c. N 2 at 35° and 760 mm. N = 3*7. 

C n H 17 N 2 I 8 S a Hg requires Hg = 24*33; 1 = 46*35; S = 7*79; 
0=16*06; H = 2*87; N = 3*4 per cent. 


Interaction of the above Mercaptide Nitrite and Ethyl Iodide : 
Formation of the Compound , 

Hgl Et 

NEVNICEt-S-SEt. 

i i 

(m. p.. 73—74°), 

0*2316 gave 0*0572 Hg, 0*1960 Agl, and 0*0972 BaS0 4 , 
Hg = 24*69; 1 = 45*74; S = 5*77 * 

0*2564 gave 0*0611 Hg. Hg= 23*83. 

0*1278 „ 0*0703 C0 2 and 0*0296 H 2 0. 0 = 15*41; H = 2*58. 

0*2470 ,, 7*8 c.c. No at 31° and 760 mm. N = 3*50. 

O n H 2 ,N 2 I 3 S.;Hg requires Hg=24*09; 1 = 45*90; S = 7*72; 0 = 15*90; 
H = 3*07; N = 3*57 per cent. 


Phenyl Mercaptide Nitrite and Methyl Iodide: Formation • of the 
Compound, PhMeS 2 ,HgI 2 ,MeI. 

The pure substance was obtained by repeated crystallisation, 
and was a dull yellow, crystalline powder melting at 90°: 

0*4616 gave 0*1252 Hg and 0*4353 Agl. Hg = 27*12; 1 = 50*96. 
0*1131 „ 0*0551 C0 2 . C = 13*29. 

C 8 H n l 8 B 2 Hg requires Hg = 26*6; 1 = 50*66; 0 = 12*77 per cent. 

* See footnote, p. 271. 

M* 
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Phenyl Mercaptide Nitrite and Ethyl Iodide: Formation of the 
Compound, PhEtS 2 ,HgI 2 ,EtI (m. p. 59°). 


0-2994 gave 0-0774 Hg and 0*2673 AgX. Hg=25*85; 1 = 48*24. 
0*1302 „ 0*0740 C0 2 and 0*0282 H 2 0. 0 = 15*5; H = l*86. 

C 1(J H lfl I 3 S 2 Hg requires Hg = 25*64; I = 48 > *84; 0=15*39; 11=1*92 
per cent. 


Interaction of the Compound, PhoS 3 Hg, and Methyl Iodide: 

I Ph Pli 

I l l 

Formation of the Compound , C0 3 *S—*—S-S*CH s . 

ir g i i i 

The product was an oil which, on stirring, crystallised. It was 
washed several times with acetone, when the colour changed to 
yellowish-white. It was insoluble in acetone, and melted at 
111 — 112 °: 

0*3150 gave 0*0615 Hg, 0*2915 Agl, and 0*2007 BaS0 4 . 

Hg = 19*53; 1 = 50*00; S = 8*75. 

0*1410 gave 0*0902 C0 2 and 0*0390 H 2 0. C = 17*41; H = 3*07. 

C 14 H 1(3 I 4 S 3 Hg requires Hg=20*24; 1 = 51*42; S = 9*71; C = 17*00; 

II = 1*62 per cent. 

It will be noticed that whenever a sulphonium compound con¬ 
tains phenyl groups, it becomes insoluble in acetone. 


Mercaptide Nitrite of Thiocarb anilide and Ethyl Iodide: 
Formation of the Compound, CEt 2 I*SEtI*HgI. 

In this case, deep purple, needle-shaped crystals were obtained 
which were soluble in acetone : 

0*3083 gave 0*0890 Hg, 0*2920 Agl, and 0*1042 BaS0 4 . 
Hg = 28*73; 1 = 51*18; S=4*64. 

0*1214 gave 0*0552 C0 2 and 0*0232 H 2 0. C= 12*04; H=2*12. 
C 7 H 15 I 3 SHg requires Hg=28*09; I = 53 : 51; $ = 4*49; 0=11*80; 
H = 2*ll per cent. 

Mercaptide Nitrite of Thiocarb anilide Methyl Ether and Methyl 
Iodide: Formation of the Compound ; Me 2 S 2 ,HgI a ,Mel. 

The mercaptide nitrite was heated under reflux with methyl 
iodide. It was obtained pure by fractional precipitation from a 
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concentrated solution in acetone by adding ether and repeating 
the process live or six times, when a fairly good crop was obtained 
which melted at 160 —162° : 

0-3290 gave 0‘0791 Hg and 0*3281 Agl. Hg = 29-51; 1 = 53-89. 
0-1150 „ 0-0221 CO s and 0*0218 H 2 0. 0 = 5-24; H = 2*ll. 

C 3 H 0 I 3 S 2 Hg requires Hg=28*98; 1=55*21; G=5*22; H = l*30 
per cent. 


Mercaptide Nitrite of Tkiocarbanilide Ethyl Ether and Ethyl 
Iodide: Formation of the Compound, Et 2 S 2 ,HgI 2 ,EtI. 

The procedure was almost the same as in the previous instance. 
On concentrating the acetone solution, a portion crystallised out, 
which was purified by repeated fractional crystallisation; when 
pure, it melted sharply at 111°: 

0-3127 gave 0*0862 Hg and 0*0978 Agl. Hg = 27*57; 1 = 51 -46. 
0-0861 „ 0-0327 CO» and 0*0255 H 2 Q. C = 10-37; H = 3*29. 

C,jH 15 I 3 S 2 Hg requires Hg = 27*32; 1 = 52*05; 0 = 10-37; H=3*29 
per cent. 


2-Thio-3-phenyl-2:2>-dihydro-l : 3 : 4r-thiodiasole Disulphide , Mercuric 
Iodide , and Ethyl Iodide: Formation of the Compound, 

Hgl Et 

i i 

0*3127 gave 0*0512 Hg, 0*2366 Agl, and 0-3026 BaS0 4 . 

Hg = 16*38; 1=40*89; S = 13*29.* 

0*1574 gave 0*1066 C0 2 . 0 = 18*47. 

C 20 H 20 N 4 I 4 S e Hg requires Hg=16-45; 1=41*75; S = 15*75 ; 0 = 19-74 

per cent. 

Chemical Labqbatoby, 

College ge Soien-ce, .' ■; 

University or Calcutta. [Received, November 8th, 1917.] 

* Owing to the tedious process involved in analysis, the values for sulphur 
and iodine are sometimes too low (compare T., 1916, 109, 135). 
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XX.VI.1L —The Reaction between Sodium Chloride 
Solution and Metallic Magnesium. 

By William Hughes. 

Cold aqueous solutions of various salts, including sodium chloride, 
sodium hydrogen carbonate, sodium carbonate, and magnesium 
sulphate, were found to react with magnesium powder with con¬ 
siderably more speed than one would expect, since cold water acts 
very slowly on the metal, and solutions of alkali hydroxides not 
at all. 

That the metal slowly dissolves in solutions of its own salts with 
the formation of hydrogen, the hydroxide, or a basic salt, has been 
observed by Kippenberger ( Ghem. Zeit ., 1895, 19, 269), Vitali 
( L’Orosi , 1895, 18, 289), Lemoine ( Gompt. rend., 1899, 129, 291), 
Bryant (Ghem. News, 1899, 79, 75), Kahlenberg (J. Amer. Ghem. 
Son., 1903, 25, 380), and Roberts and Brown {ibid., 1903, 25, 801), 

Liberation of the metal together with hydrogen from various 
salt solutions by magnesium has been described by Cominaille 
(Gompt. rend., 1866, 63, 556), Clowes and Caven (P., 1897, 13, 
221), Divers (P., 1898, 14, 57), Tommasi (Bull. Soc. chim., 1899, 
[iii], 21, 885), and Faktor (Pharm. Post, 1905, 38, 153). 

Lohnstein ( Zeitsch. Plektrochem., 1907, 13, 612) found that the 
action of magnesium on acetic acid was catalysed positively by the 
addition of some salts and negatively by others. 

'Knapp (Ghem. Neios, 1912, 105, 253) found that palladium 
chloride solutions, and Miehailenko and Mushinsky (J. Russ. Phys. 
Ghem. Soc., 1912; 44, 181) that the water of crystallisation of 
certain salts, were acted on by magnesium with the evolution of 
hydrogen. 

Experimental. 

In the preliminary experiments, it was found that 0-329 gram 
of ordinary magnesium powder and 35;3 c.c. of 2iV T -sodiuin chloride 
solution gave 2-91*4 c.c. of a gas at the end of a week. The metal 
darkened, and a white, gelatinous solid was disseminated through¬ 
out the liquid. The greyish-black powder slowly changed to a 
compact, white solid, but the reaction was not quite complete at 
the end of seven days. The. theoretical yield of hydrogen is 325 c.c. 
at N.T.P. 

One c.c. of the original sodium chloride solution and 1 c.c. of 
the solution which Had been acted on by the magnesium gave a 
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litre of 13 - 62 c.c. and 13*70 c.c. respectively with silver nitrate. 
38*6 C.c. of the gas after absorption for fifteen minutes over freshly 
prepared alkaline pyrogallol measured 37*5 c.c. 

These results were taken to indicate that the gas was hydrogen 
only, and it was determined to seek a. relation, if any, between the 
rate of evolution of gas and the concentration of the sodium chloride 
solution. 

The method adopted was to add known amounts of magnesium 
to the different solutions which had been saturated with hydrogen, 
and to measure the initial velocity of the reaction by reading the 
volume of hydrogen evolved at 25°, without shaking, at short 
intervals for a total period of two or three minutes. 

Magnesium. —A supply of ordinary magnesium powder, appar¬ 
ently quite bright and free from oxide, was fractionally sifted, and 
the portion passing through between sieves of 90 and 60 meshes to 
the inch, respectively, was used. (0*0692 gave 0*3075 Mg 3 P 2 0 7 ; 
by Gibbs’s method, Mg = 97*03. 0*0258 gave 25'4 c.c. H 2 [dry at 

16*5° and 726 mm.] Mg =96*45 per cent.) Only traces of 
aluminium and zinc could be detected in the substance. Since the 
phenomena investigated seemed to depend on the nature of the 
solutions and not on the small amounts of impurity in the mag¬ 
nesium, it was considered unnecessary to attempt any purification 
of tliis reagent. 

Sodium Chloride .■—Common salt was dissolved in distilled water, 
filtered, and the solution rendered just alkaline with sodium hydr¬ 
oxide and filtered again. The slightly alkaline solution was 
evaporated with continual stirring, and the first crop of 
crystals were well drained and kept over concentrated sulphuric 
acid. 

Water .—Distilled water was redistilled in a glass still which had 
been previously well steamed out. This water was boiled under 
diminished pressure previous to being used. 

Hydrogen .—This was prepared from zinc and pure sulphuric 
acid, and purified by passing through lead nitrate solution, silver 
nitrate solution, a soda-lime tower, and then a set of sodium hydr¬ 
oxide bulbs, and stored over water. 

Solutions .—These were made up by weight. The number of 
molecules of water to each molecule of sodium chloride is repre¬ 
sented by c. 

Apparatus .-—At first the solution—10 cm. deep—was contained 
in a test-tube, and the hydrogen measured in a nitrometer, the 
volume being read every fifteen minutes. 

The rate was, constant in each case for about five hours. The 
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initial rate was read from the tangent to the curve, and reduced 
to c.c. at N .T.P. per grain of magnesium per hour. 

In the second case, a conical flask was chosen as reaction vessel 
in order to have a smaller hydrostatic pressure on the magnesium. 
It was fitted with a rubber stopper carrying a delivery tube, .4 
(Fig. 1), drawn to a point at the bottom of the flask, for the entry 
of hydrogen, an exit tube, B , which could be closed, and a water 
manometer, G, behind which was fixed a millimetre scale. Selected 
quill tubing was used in making it, and it 
was carefully calibrated with distilled water 
at 25°, and found to he of uniform bore for 
the part calibrated, namely, the length I)B. 
1 cm. = 0'1880 c.c. at 25°. Twice distilled 
water saturated with hydrogen was used in 
the manometer. The weighed magnesium 
was floated on a capsule on the solution, the 
volume of which was always 25 c.c., and 
then the air displaced by, and the solution 
saturated with, hydrogen through A and B 
for not less than ten minutes, all being 
immersed in the bath. The apparatus was 
quickly shaken, and simultaneously a stop¬ 
watch was started. The volumes of hydrogen 
read off every half- or quarter-minute were 
reduced to N.T.P., tabulated (table I), and 
plotted (Fig. 2, curves 1 and 2). The initial 
rate was obtained by drawing the tangent as shown. The kind of 
induction period at the start is much more pronounced with the 
more concentrated solutions, and is probably due to surface-tension 
effects, chiefly in the manometer. 


Table I. 


k minute 

Manometer, 

Hydrogen, 

Total 

Hydrogen, 

c.c. 

intervals. 

A (in cm.). 

c.c. 

pressure (corr.). 

corrected. 

0 

0-6 

0 

■'_ 

0 

1 

0-9 

0*15 

753-9 

0-0256 

2 

1-7 

0-55 

754-4 

0-0941 

3 

2-3 

0-85 

754-9 

0-1454 

4 

2-9 

1-15 

755-3 

0-1969 

5 

3-4 

1-40 

' 755-7 

0-2397 

f> 

3-8 

1-60 

756-0 

0-2742 

7 

4-2 

1-80 

756-3 

0-3086 

8 

4-5 

1-95 

756*5 

0-3344 

9 

4-8 

2-10 

756-7 

0-3601 

10 

5-1 

2-25 

756-9 

0-3860 


Fig. 1. 
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Table I. ( continued ). 

Hydrogen, 

Hydrogen, Total c.c. 

e.c. pressure (corr.). corrected. 
0 — 0 

0-21 754-0 0-0359 

0-52 754-4 0-0889 

0-81 754-9 0-1387 

1-06 755-2 0*1814 


Fig. 2. 



£ minute Manometer, 
intervals. A (in cm.). 
0 0*36 

1 0-78 

2 1-40 

3 1*98 

4 2-48 


The greatest precautions were taken that the solutions of sodium 
chloride were in each case quite free from acid. Immediately at 
the end of a determination they reacted alkaline. 

The viscosities were determined with an Ostwald viscosimeter, 
the essential precautions being observed (Applebey, T., 1910, 97, 
2000 ; from the equation 

__ x density of solution time of flow of solution 

V Vmitei density of water X time of flow of water 
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The densities 

were determined 

with a pyknomete 

ir, the weighing’s 

being' carried out with 

a similarly 

treated 

counterpoise. These 

were as 

shown 

in -table 

II. The 

curves 

are plotted in Fig. 2, 

3 and 4, 











Table II. 




Concentration. 

Pv 







10 

1-184 


1-794 



20 

1-099 


1*30 

3 



30 

1-068 


1-198 



35 

1-058 


1-165 



40 

1-051 


1-134 



50 

1-041 


1-101 



60 

1-034 


1-095 

In table' III 

are given the initial 

rates for the 

different concen- 

trations 

of sod; 

ium chloride solutions. 






Table III. 





Pressure, 

Vol., 


Mag¬ 



Time, 

Tempera- mm. 

c.c. 


nesium, 



hrs. min. 

ture. 

(core.) 

(corr.) 

c. 

Gram. 

Hate. 

Rernarks. 

13 30 

19° 

762-3 

31-32 

9 

0-0984 

23-5 

First method. 

2 20 

20 

763-9 

11-99 

18 

0-1069 

48-1 


15 

22 

766*5 

1-87 

27 

0-0995 

75-1 


1 20 

25 

758*7 

8-32 

45 

0-1004 

62*2 


16 

24 

758*3 

2-29 

35 

0-0985 

87-3 


15 

22-5 

766*1 

2-42 

40 

0-1004 

96-5 


15 

23 

767*1 

1-58 

44 

0-1018 

62-2 


16 

23 

768*3 

1*87 

39 

0-0977 

71-6 


4 

25 

749*5 

0-72 

30 

0-1165 

93-11 


7 

25 

749*8 

0-18 

30 

0-0333 

46-6 

Method not ac¬ 

3 

24-1 

749*9 

0*45 

30 

0-1798 

50-4 

2 

19-2 

749-2 

0-51 

35 

0*1513 

100-5 1 

curate enough. 

T5 

20 

749-2 

0*37 

30 

0-1184 

124-1 j 


O'5 

25 

749-4 

749*4 

0*0425 

0*0710 

30 

30 

0-0S40 

0-1367 

60-7 ' 
64-3 

I Second method. 


99 

750*5 

0*0683 

30 

0-1248 

62*3 

Better agreement. 



752*8 

0-03845 

10 

0-1590 

29-0 ‘ 


99 

99 

752*9 

0-0664 

20 

0-1531 

52-1 


99 

99 

753*2 

0-0479 

30 

0-1062 

54-2 


99 


754-8 

0-0944 

35 

0-1702 

66-6 


99 

5> 

752-9 

0-0684 

40 

0-1216 

67-5 


0-2 

5' 

752-3 

0-0342 

50 

0*1507 

54-4 

Quarter minute 








intervals. 


3? 

757-0 

0-0417 

60 

0-1343 

74-6 


0-5 


753-4 

0*0135 

32 

0-0955 

17-0 

Metal wetted ae- 


cidentally during 
bubbling in 
hydrogen.. 


0-25 ■ .' ?! 

753-4 

0*0513 

34 

0-1767 

69-7 

■ 99 9 

753-4 

0*0531 

36 

0-1940 

65-7 

" 99 V 

703-4 

0-0454 

38 

0-1478 

73-6 

99 9\ 

754-8 

0*0343 

45 

0*1412 

59-5 


754-8 

0-0411 

55 

0*1518 

65*0 

99 9 

754-8 

0*0411 

65 

0-1581 

62*4 

99 9 

754-7 

0-0386 

75 

0*1502 

61*6 


755-2 

0*0429 

100 

0*1722 

59*7 

99 

750-6 

0*0148 

00 

0*1969 

18*0 Water only 
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These rates are plotted against concentrations in curve 5. The 
arrow indicates the rate for water (c = <x>), and the crosses denote 
the values obtained with the nitrometer. 

Results. 

No great accuracy can be claimed for the numerical values, 
chiefly because the assumption that the total area of equal weights 
of the sifted magnesium is constant is only approximately true. 
However, it is evident that curve 5 passes through a maximum at 
c; = 32; also the surface density of water molecules in contact with 
magnesium (neglecting surface concentration effects) is given by 
{ cp((cM w + M s )}*, where M w is the molar weight of water, M s that 
of sodium chloride, and p the density of the solution. Values of 
this expression ( = cr) have been found for various concentrations 
and then plotted against the corresponding rates in curve 6. This 
passes through a maximum for cr = 0T426 about, or c— 37. One 
would expect a maximum rate for c = oo —pure water, since then 
the magnesium surface would be apparently open to attack by a 
denser population of water molecules. Again, the values of the 
viscosity, hydrostatic pressure, and surface tension (Forch, Ann. 
Physik, 1905, [iv], 17, 744) are each greater for c — 32 than for 
weaker solutions, so it seems that the maximum at c = 32 is not 
due to any special ease of expulsion of gas through the solution. 
Further, the specific conductivity of sodium chloride solutions 
steadily increases to a maximum at the saturation point, so that 
at c = 32 the conductivity is not best suited for electrolytic action 
of impurities in the magnesium to take place. 

Conclusions. 

(1) Both alkaline and neutral salts positively catalyse the reac¬ 
tion between ordinary magnesium and purified water at the 
ordinary temperature. 

(2) With sodium chloride solutions, the rate of evolution of 
hydrogen depends on the concentration, the differences being easily 
detected by the eye. The initial rates for approximately equal 
areas of magnesium in contact , with different concentrations of 
sodium chloride solutions have been measured, and a maximum 
lias been found for a solution of 32 molecules of water per molecule 
of sodium chloride. 

(3) It is considered that the existence of this maximum points to 
a specific effect\>f the dissolved sodium chloride on the water. 

Bedford Modern Schood, 

Bedford. [Received, October 23rd, 1918.] , 
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XXIX .—The Theory of Duplex Affinity . 

By Samuel Henry Clifford Briggs. 

In a former paper (T., 1908, 93, 1564) it was shown how the 
old conception of duplex affinity can be applied in devising con¬ 
stitutional formulae for complex inorganic compounds. In a sub¬ 
sequent paper (ibid., 1917, III, 253), the theory of duplex affinity 
was treated from the point of view of the electrical structure of 
matter. It was assumed that every element is able to exert both 
positive and negative affinity, positive affinity being a tendency 
to lose electrons and negative affinity a tendency to attract 
electrons. A further distinction was made between primary and 
secondary affinity, the secondary affinity being opposite in sign to 
the primary affinity, and only coming into action after the primary 
affinity has been satisfied. By means of these assumptions, it was 
possible to correlate a number of apparently disconnected pheno¬ 
mena, including the structure and stability of complex compounds, 
the strength of acids and bases, polymerisation, etc. 

The present communication is concerned more particularly with 
secondary affinity, and some conclusions have been reached which 
have made it possible to apply the theory of duplex affinity in 
several new directions. 


Secondary Negative Affinity and Secondary Positive Affinity, 

As in the previous paper (T., 1917, 111, 253), Lodge’s view 
(Nature, 1904, 70, 176) that the electrons in an atom are bound 
to the positive charge, not by a single line of attraction or elastic 
thread, but by a bundle of a very large number of lines of force, 
is adopted. For the sake of simplicity, it is supposed that the 
atoms are spheres, although this is not an essential feature of the 
general argument. The volumes of the atomic spheres are 
assumed to be directly proportional to the so-called atomic volumes 
of the elements. 

The term “valency” is used in this paper in a strictly electro¬ 
chemical sense, in accordance with Sir J. J. Thomson’s theory 
(Phil. Mag., 1914, [Vi], 27, 757). 

Consider the case of two univalent atoms A and B, which com¬ 
bine to form a compound AS as the result of the transfer of an 
electron from A to B, A having positive primary affinity and B 
having negative primary affinity. Owing to the attraction of B 
for the electron, a number of lines 9f force which united the 
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electron to the positive nucleus of the atom A are broken. Call 
this number u. Then in the atom B, u lines of fore© joining 
electrons iii the atom B (previous to its combination with A) to 
its positive nucleus will be loosened, as a result of the passage of 
the electron from A to B. Suppose, now, that the compound AB % 
undergoes electrolytic dissociation in solution into the ions A' 
and B ! . The positive nucleus of the cation A * will be able to 
bind u lines of force from electrons in other atoms, that is to say, 
the cation A' will have negative affinity, and in this way the 
secondary negative affinity of the element A arises. The electrons 
in the anion B ! , on the other hand, will have u lines of force 
loosened, and therefore be able to attach themselves to the positive 
nuclei of other atoms. Consequently, the anion B ! has positive 
affinity, which is the secondary positive affinity of the element B. 

Attention must now be directed to a fundamental difference 
between secondary negative affinity and secondary positive 
affinity. According to the modern views on the electrical struc¬ 
ture of matter, the positive nucleus is situated at the centre of the 
atom, and its spatial dimensions are extremely minute compared 
with the volume of the atom as a whole. As we have seen above, 
however, secondary negative affinity'arises from the power of the 
nucleus to attract lines of force (or electrons). Since the nucleus 
is at the centre and is so exceedingly small, it follows, so far as 
the effect on other atoms is concerned, that secondary negative 
affinity may be regarded as an attractive force distributed equally 
over the surface of the atomic sphere. 

Secondary positive affinity, on the other hand, emanates from 
the outer electrons (valency electrons or mobile corpuscles) in the 
atom. The secondary positive affinity cannot therefore be regarded 
as being equally distributed over the atomic sphere, but must be 
confined to certain individual electrons or rings of electrons. In 
other words, secondary negative affinity conforms to Werner’s 
theory of affinity (“Neuere Anschauungen auf dem Gebiete der 
anorganischen Chemie/’ 3rd ed., p. 83), whereas secondary positive 
affinity does not. This difference between secondary negative 
affinity and secondary positive affinity appears to be of consider¬ 
able importance in the building up of inorganic compounds, as 
will b© more clearly seen below. 

When the ions A ‘ and B ! combine to form the molecule AB, 
some of the loosened lines of force in A will be attached to the 
positive nucleus of A, as shown by the “ ionic formula” 

... (T,, 1917, 111, 253). If the number of Hues of 

force thus attached is denoted by v, then in the compound AB 
the positive nucleus of A is still able to bind u~v lines of force, 
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whereas the electrons in B have still <u—v lines of force loosened 
and capable of attachment to the nuclei of other atoms. The 
number u-v, therefore, represents the unsaturated secondary 
negative affinity of .4 and the unsaturated secondary positive 
affinity of B, indicated by the dotted arrows in the “atomic 

formula” .and in the “ionic formula” . +A‘*—B' .* 

(T., 1317, 111, 253).*' 


Influence of Atomic Volume. 

Since the secondary negative affinity is distributed equally over 
the surface of the atomic sphere, it follows that when the atomic 
volume is large, v will be correspondingly small and u—v propor¬ 
tionately large (see p. 286). When the compound AB is dissolved 
in a dissociating medium, such as water, the molecules of the 
solvent combine with A and B by means of the unsaturated 
secondary affinity, thereby bringing about dissociation into the ions 
A' and B f (compare T., 1908, 93, 1564). Therefore, if u-v is 
large, AB will be a strong electrolyte. As shown above, however, 
u—v is large when the atomic volume of A is large, and this is the 
reason why the salts of the alkali metals are the strongest electro¬ 
lytes. 

On the other hand, although when the atomic volume of /I is 
large the total unsaturated affinity is correspondingly large, never¬ 
theless the intensity, of the affinity per unit area of the atomic 
sphere varies inversely as the square of the radius, and is there¬ 
fore large when the atomic volume of A is small. Consequently, 
the molecular compounds (tiM . A)B, fanned by satisfying the free 
secondary negative affinity of A. by the free secondary positive 
affinity of n molecules of a compound M (such as ammonia or 
water) (T., 1917, 111, 253), will be most clearly defined and stable 

* Three types of combination are distinguished: (1) Combination due to 

primary affinity only, as in the formula.* A —- B ■■■■*, the passage of the 

electron from A to B being indicated by the thick arrow pointing from -4 to B. 
(2) Combination due to secondary affinity only as seen in molecular com¬ 
pounds, such as 2H ; ,]Sr —► Cud, the union of the electrons in the nitrogen 
atom to the positive nucleus of the copper atom being indicated by the thin 
arrow pointing from nitrogen to copper. (3) Combination due to both primary 
and secondary affinity as in the non-polar compound A m: B. 

It should be noted that the formulae A —<- B —*■ and A 122 B represent 
the limiting eases of the strongest possible electrolyte and the truly non-polar 
compound respectively. Most compounds will come in between the two 
formulae. A compound of intermediate properties might therefore be 
written-—*■ A zrZ I? ••••>, but it is often convenient to write it as a compound 
of charged ioris rather than of atoms, and in this way the “ionic formula” 

” A' - — B' —- is derived. 
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when the volume of A is small. As a matter of fact, those 
elements which form the most stable complex compounds are all 
found in the depressions of the atomic volume curve (chromium, 
manganese, iron, cobalt, nickel, copper, zinc, ruthenium, palladium, 
rhodium, silver, osmium, platinum, iridium, and gold) (see also 
the work of Ephraim on the effect of the atomic volume of the 
central atom on the stability of metal-ammonia compounds, Ber 
1912, 45, 1322). 

Conversely, the same reasoning elucidates the somewhat contra¬ 
dictory phenomenon that many of the salts of the alkali metals 
which are readily soluble in water separate from solution in the 
anhydrous state. These salts dissolve readily, because of the large 
value of u-v . They do not give stable hydrates, because of the 
small intensity of the affinity per unit area of the atomic sphere 
which results from the large atomic volume of the alkali metals. 


Non-polar Compounds. 

If the two ions A ’ and B ! were to combine in such a way that 
the secondary affinities completely saturated each other, then the 
electron would be pulled back into A and the atoms would be 
held in combination by means of two equal bundles of lines of 
force, one passing from the nucleus of -A to the electrons of B, and 
the other from the nucleus of B to the electrons in A. That is to 
say, AB would be a non-polar compound, as shown by the formula 

Athb. 

The conception of secondary negative affinity developed above 
(p. 279) leads to the following conclusions with regard to the con¬ 
ditions for the formation of non-polar compounds in those cases 
in which the valency of the element A with primary positive affinity 
is fully saturated. The conclusions do not, however, apply when 
A is not exerting its full valency, as the mobile corpuscles still 
remaining on A introduce complications. 

The compounds to be considered, therefore, are those represented 
by the formula AB X , in which x varies from 1 to 8 when B is a 
univalent atom. 

When a? = 1, the secondary negative affinity of A is only partly 
saturated, as already explained (p. 280), because only a part of 
the spherical surface of A comes under the influence of B. If 
a-— 2, and A is therefore united to two atoms of B, a larger part 
of the spherical surface of A is affected, and in general as x in¬ 
creases, more and more of the spherical surface of A is brought 
under the influence of I?* Hence as x increases, the tendency of 
AB ti - to undergo electrolytic dissociation decreases (see p. 280), 
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The salts of the metals in the earlier groups of the periodic table 
are therefore the strongest electrolytes, and the electrolytic proper¬ 
ties become less marked in the compounds of the metals with higher 
valency (when they are exerting their full valency). 

If, however, AB X is to he a truly non-polar compound, the 
secondary negative affinity of A, which is distributed equally over 
the surface of the atomic sphere, must be completely saturated, 
and the optimum condition for such complete saturation will b© 
reached when the atoms of B are symmetrically distributed in 
space around the spherical surface of A. 

Since the maximum valency is 8, the number of cases of sym¬ 
metrical distribution is strictly limited. If B is univalent, x may 
be 4, 6, or 8, when the atoms of B will be distributed around'the 
spherical surface of A at the corners of a regular tetrahedron, a 
regular octahedron, and a cube respectively. If B is bivalent, the 
only possible case is a?=4, when the B atoms are situated at the 
corners, of a regular tetrahedron. We should therefore expect to 
find the non-polar properties most strongly marked in compounds 
having the formulae AB±, AB Q , and AB 8 when B is univalent, and 
AB i when B is bivalent. 

Since the forces between the molecules of non-polar compounds 
are small (Thomson, loc . cit., p. 760), such compounds, in addition 
to their inability to undergo electrolytic dissociation, will also be 
comparatively volatile and more or less inert. There are several 
striking instances of compounds with these characteristics in the 
four classes of substances under discussion. 

In the group AB i we have the typically non-polar compounds, 
methane and carbon tetrachloride. 

The formula A B$ is represented by the gaseous sulphur hexa¬ 
fluoride, SE g , which is almost as inert as nitrogen (Moissan and 
Lebeau, Compt. rend., 1900, 130, 865, 984; Berthelot, Ann. Chi?n. 
PM/s,, 1900, [vii], 21, 205), and by the gaseous tungsten hexa¬ 
fluoride (Ruff and Eisner, Ber., 1905, 38, 742), WF C . 

Only one compound of the formula AB$ has hitherto been pre¬ 
pared. This is osmium octafluoride (Ruff and Tschirseh, Ber., 
1913, 46, 929), which boils below 50°, and is a highly stable 
although reactive substance. 

The class AB iy in which B is bivalent, includes the remarkable 
tetroxides of ruthenium and osmium, Ru0 4 and 0s0 4 . These com¬ 
pounds both boil at about 100°, and are so completely saturated 
that they are incapable of combination with alkali hydroxides. 
Indeed, osmium tetroxide can he distilled off from its solution to 
which an alkali has been added (compare Ostwald, “The Principles 
of Inorganic Chemistry,” p. 757). 
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Although symmetry of structure is thus often associated with, 
and conduces to, non-polarity, it does not follow that all sym¬ 
metrical compounds will he without polarity, as other factors, such 
as the relative atomic volumes of A and B, will also exert an 
influence. 

Gonversely, when A is not exerting its full valency, non-polar 
combination is possible in substances which are not spatially sym¬ 
metrical. Thus, according to Thomson ( loc . cit.) > carbon monoxide 
and nitrous oxide are non-polar compounds. 

Other examples given by Thomson bring out the relationship 
between symmetry and non-polarity in another way. Although 
both carbon tetrachloride, CC1 4 , and methane, CH 4 , are truly non¬ 
polar. nevertheless chloroform, CHC'l 3 , and methyl chloride, CH S C1, 
are polar compounds. 


Werner’s Co-ordination Numbers and the Co-ordination Formula, 

* Suppose the cation A' combines with n molecules of a com¬ 
pound M possessing free secondary positive affinity, such as 
ammonia or water, to give the complex ion (nM .A)'. Here also 
the conditions for maximum saturation of the secondary negative 
affinity of A will involve spatial symmetry in precisely the same 
way as was seen to apply in the formation of non-polar compounds. 
The maximum value of n should therefore be either 4, 6, or 8, 
according to the relative volumes of the atom A and the molecule 
M ; hut the maximum value of n is the maximum’ co-ordination 
number of the element A, and Werner (loc. cit., p. 52) has shown 
that this is either 4, 6, or 8. It would appear, also, that the geo¬ 
metrical relationship existing between the volumes of the central 
atom A and the molecule M is of more importance than the 
intensity of the affinity in determining the value of the co-ordina¬ 
tion number. We find, for example, that barium, with a com¬ 
paratively large atomic volume, has the maximum co-ordination 
number 8, as seen in the compound, (Ba8NH 3 )Cl 2 , whereas cobalt, 
with a much smaller atomic volume, has the maximum co-ordina¬ 
tion number 6 in the compound (Co6NH 3 )Cl 3 , in spite of the fact 
that cobaltic salts have a much greater tendency to combine with 
ammonia than is shown by barium salts. Similarly, boron, with a 
very small atomic volume, has the maximum co-ordination number 
4 in the compound (BF 4 )H. 

Attention must now be directed to the limiting case in which 
the secondary negative affinity of A is completely saturated by the 
free positive affinity of if, giving the complex ion (nM .A )\ In 
what way will the anion if 1 combine with this complex cation to 
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give the molecule (nil .A)B'l In discussing this question, we may 
suppose that M is a molecule of ammonia. In the former papers 
(T., 1908, 93 , 1564 ; 1917, 111 , 253), ammonia was written 

H 

]S“H . 

This formula was derived from the facts (1) that the hydrogen 
atoms do not undergo electrolytic dissociation in solution in water, 
and therefore have both primary and secondary affinity saturated, 
and (2) that the nitrogen atom has free secondary positive affinity, 
as shown by the ease with which ammonia molecules can combine 
with the free secondary negative affinity of metals in their salts to 
give metal-ammonia compounds. From the reasoning developed 
above, however (p. 280), it is clear that this formula for ammonia, 
although correct so far as it* goes, is not quite complete, because if 
the nitrogen atom still has u-v lines of force loosened, as expressed 
by the dotted arrow, then each hydrogen atom must be able to 

bind — Z .I lines of force to its nucleus. In other words, each 

hydrogen atom has still a little free secondary negative affinity. 
Since, however, the free secondary positive affinity in the ammonia 
molecule is confined to one atom only (the nitrogen atom), it, masks 
the free secondary negative affinity which is distributed over the 
three hydrogen atoms. In the general case of a compound, A m B n , 
in which .1 and B have free secondary affinity, if m is greater than 
n the molecule A, n B n • will react as if it had the free secondary 
affinity of B only. This characteristic will he the more strongly 
marked the greater the difference between m and n, and it will be 
all the more intensified the greater the volume of .4 (the atom with 
primary positive affinity), and vice versa. Thus we find that 
ammonia, water, and potassium chloride react as if they had free 
secondary positive affinity only in forming complex compounds, 
whereas cupric chloride, ferric chloride, etc., behave Hike substances 
with free secondary negative affinity. 

The complete formula for ammonia should therefore be written 

=H— 

— N~H— 

in ■which each hydrogen atom has a little free secondary negative 
affinity. Returning now to the combination of the complex 
■'.(nM.Ay with the anion B 1 to give the salt (nM.A)B, we may 
take the concrete case in. which the complex is (Co6NH 3 )**' and 
the anion is Cl', and assume that the secondary negative affinity 
of the; cobalt atorn is completely saturated by the free secondary 
positive affinity of'the nitrogen, in-the- six molecules' of ammonia. 
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The only possible way in which the chloride ions can unite with 
the complex to give the salt (Co 6NH 3 )C1 3 is by the saturation of 
the free secondary negative affinity of the eighteen hydrogen atoms 
by the positive affinity of the chlorine ions. This gives Werner’s 
co-ordination formula (Co6NH 3 )Cl 3 exactly, in which, according to 
Werner’s phraseology, the chlorine atoms are united to the outer 
sphere of the complex. 

It should be carefully noted, however, that the co-ordination 
formula only applies to the limiting case in which the secondary 
negative affinity of A is completely saturated by nM in the com¬ 
plex (nM .A)". If this saturation is not complete, then the posi¬ 
tive nucleus of A will exert an attraction on the electrons in B, 
as shown by the “ionic formula” nM—>A *—jB'~- (T., 1917, 111, 
260), A familiar example is seen in aquopentammine cobaltic 

chloride, ^C°^^ 3 ^C1 3 , which changes spontaneously into ehloro- 
pentammine cobaltic chloride, ^Co°^® 3 ^Cl 2 . Unless the cobalt 
atom exerts a direct attraction on the chlorine atoms, as shown by 
the formula **«—Cl g '"—it is impossible to understand 

this spontaneous change. 


Applicatian- of the Theory of Duplex Affinity to Oxygen 
Gornpo unds . 

In the former papers ( loc. cit .), most of the examples considered 
were halogen compounds. The development of the theory of 
secondary negative affinity in the present communication has made 
it possible to study oxygen compounds from the point of view of 
duplex affinity in such a way as to bring out some general relation¬ 
ships which are not touched on by other theories of affinity and 
valency. 

Take the case of a metal, M, which forms a series of oxides, 
MG, M0 2j MQ 3 , M0 4 . In the oxide MO, in which the oxygen 
atom has received two electrons from the atom M, only part of the 
atomic sphere of M will come under the influence of the oxygen 
atom. Hence the secondary affinity of both atoms will be partly 
unsaturated, and the formula will be 

* Instead of denoting the passage of two electrons by two thick arrows 
M zuj O, it is more convenient to write one arrow only, with a small figure 
above to express the number of electrons which it represents, for example, 

M —* O. 




286 


BRIGGS: THE THEORY OF DUPLEX AFFINITY. 


When MO is oxidised to give M0>, a greater part of the spherical 
surface of M will come under the influence of the oxygen atoms, 
and the saturation of the secondary affinity will be more complete 
than in the first oxide, MO. This will apply still more in M0 3 , 
and most of all in M0 4j in which the oxygen atoms are distributed 
symmetrically in space around M. In M0 4 we therefore have the 
possibility of complete saturation of the secondary affinity with 
the production of a non-polar compound. The oxides OsO., and 
Ru0 4 , referred to above (p. 282), appear to approximate closely 
to this condition. The four oxides should therefore be written 
(assuming that M0 4 is non-polar): 

—M^lo.- -M^0 2 - MyxQ 4 . 

It. may perhaps be better to write the non-polar oxide Jfx^0 4 

s 

rather than as the electrons will not have left the M atom 

in this case. 

It should be carefully noted that, since the secondary affinity 
of M is increased by each addition of an oxygen atom, the satura¬ 
tion of the secondary affinity of the first oxygen atom becomes 
more complete as oxidation proceeds, because, the secondary 
affinity of M being distributed equally over the surface of the 
atomic sphere, the intensity of the affinity present on that part of 
the spherical surface which comes under the influence of the first 
oxygen atom will increase with increase in the number of oxygen 
atoms combined. The free secondary affinity of the first oxygen 
atom will therefor© decrease with increasing oxidation of M until 
in the final, non-polar stage the secondary affinity of the first 
oxygen atom will be completely saturated. The same reasoning 
applies, of course, to all the other oxygen atoms as well. • 

The Hydration of Oxides .—When potassium oxide and water are 
brought together, there are two ways in which combination may 
occur. The strongly marked, free secondary positive affinity of 
the oxygen atom in the potassium oxide may attract the hydrogen 
atoms of the water, which have slight, unsaturated secondary 
negative affinity, or the unsaturated secondary negative affinity of 
the potassium may combine- with the slight, free secondary positive 
affinity of the oxygen atom.-in the water molecule. We may 
therefore obtain 

»~K 2 0-*H s O~~ or —H s O—K 2 0 * 

O_ 

or perhaps . a...ring, structure jr __ q 2 . In potassium, u-v is large, 

owing to the large atomic volume of potassium (see p. 280), and 
therefore the unsaturated secondary affinities of the potassium 
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atoms and the oxygen atoms are large. In water, on the other 
hand, u-v is small (as seen from the very slight extent to which it 
is dissociated into hydrogen and hydroxyl ions); hence the un¬ 
saturated secondary affinities of the hydrogen atoms and the oxygen 
atom are small. In each of the three formulae for K 2 0,HoO, we 
consequently have the two potassium atoms electrically equal, the 
two hydrogen atoms electrically equivalent, hut the' two oxygen 
atoms very different from each other. The tendency will be for 
the affinities to be redistributed in such a way as to make the two 
oxygen atoms also electrically equal, and we therefore have the 
change K 2 Q,H 2 0*s»—* 2KOH. Similar considerations will apply to 
the hydration of other oxides. 

Bases and Acids. —When an oxide is hydrated, the product may 
be either a base or an acid, according to the manner in which it 
undergoes electrolytic dissociation in solution. If MOH were a 
base of the strongest possible type, the formula would be written 
as (I), and if it were the strongest possible type of acid, as (II) 
(T., 1917, 111, 253). 

O^H M^O—H— 

<i) (ii.) 

It has already been shown (p. 286) that increase in the number 
of oxygen atoms implies a more complete saturation of the 
secondary affinity of all the oxygen atoms already present in the 
oxide (anhydrous or hydrated). As the secondary affinity of the 
oxygen atom of the hydroxyl group becomes more completely 
saturated by the secondary affinity of M, there is less affinity left 
to saturate the secondary affinity of the hydrogen of the hydroxyl 
group, and the free secondary affinity of the hydrogen therefore 
increases. Consequently, the tendency of the hydrogen atom to 
be electrolytioally dissociated becomes greater, and the structure 
of the hydroxyl group changes from —(basic) to 

ix±o~—H*-~- (acidic), with increase in the number of oxygen atoms 

united to the element M. We therefore have the following general 
rule: 

When a series of oxides of the same element M are hydrated , 
the hydrate of the highest oxide is the strongest acid (or weakest 

■ OH 

base). In other words, in a series the greater the value of 

x the stronger the acidic properties (or the weaker the basic 
: properties),'''''' ■ 
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This rule appears to hold good throughout the periodic table. 
It. is exemplified most clearly in the compounds of the elements in 
the sixth, seventh, and eighth groups, these being the elements 
which exhibit the most numerous stages of oxidation. Thus 
ferrous oxide is basic, ferric oxide less basic (as shown by the 
greater ease with which ferric salts are hydrolysed), and iron tri¬ 
oxide is acidic. The oxides of chromium form a similar series from 
the basic ehromous and chromic oxides to* the acidic chromium tri- 
oxide. Manganous oxide is basic, manganic oxide less basic, and 
manganese dioxide not definitely basic or acidic, whereas man¬ 
ganese trioxide is acidic and dimanganic heptoxide strongly acidic. 

The oxides of chlorine give rise to a series of acids increasing in 
strength from the very weak hypochlorous acid, HOC1, to' the strong 
chloric and perchloric acids, H0C10 2 and HGC1G 3 . Among 
nitrogen compounds, hyponitrous acid is very weak, nitrous acid 
is stronger, and nitric acid is one of the strongest acids known. 

The fact that ruthenium and osmium tetroxides are not acidic, 
although diruthenium heptoxide is strongly acidic, is only an 
apparent exception to the rule. Owing to their highly saturated 
character, as has already been shown (p. 282), these compounds are 
incapable of combination with water, and cannot therefore give 
rise to hydrated oxides. They therefore do not. come within the 
scope of the rule which applies to hydrated oxides only. 


The Hydrogen Ion and the Catalytic Activity of Acids. 

From the point of view of the theory of duplex affinity, the 
hydrogen atom is particularly interesting. According to the views 
of van den Broek and others {Ann. Reports, 1913, 10, 271), the 
hydrogen atom is built up of a positive nucleus and one electron 
(compare Allen, T., 1918, 113, 390). Consequently, the hydrogen 
ion 3ET must consist of a positive nucleus only. The secondary 
negative affinity of the hydrogen ion must therefore be considered 
to be concentrated in a “ point''’ of nuclear dimensions rather than 
distributed over the surface of a (comparatively) very large sphere. 
The conclusions which have been arrived at in the above discussion 
from the consideration of the atomic sphere will therefore not neces¬ 
sarily apply to hydrogen. Thus it is not essential for the produc¬ 
tion of non-polar compounds that the hydrogen atom should be 
surrounded by negative atoms, as in the cases of sulphur, and 
. osmium, for example (see p. 282), .methane being a typical non¬ 
polar compound, 

. The identity-of the hydrogen ion with the positive nucleus of 
the hydrogen atom may-perhaps ultimately furnish a rational ex- 
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plauation of the catalytic activity of acids, somewhat on the follow¬ 
ing lines. 

Take a molecule A^B with a tendency to dissociate according 
to the equation AB + B. A hydrogen ion (nucleus) if 

brought, into contact with such a molecule will attract to itself 
some of the lines of force joining the electrons in A to the positive 
nucleus of B, or the electrons in B to the positive nucleus of A, 
— 

,giving \ / 

H 

The bond uniting A to B will therefore become weaker, and the 
tendency of AB to dissociate will he increased. It is consequently 
to be expected that the hydrogen ion will accelerate a chemical 
change which is already taking place, or even induce a change 
which would not otherwise occur. Theoretically speaking, other 
positive ions should act in a similar manner; but since the secondary 
negative affinity of all other elements is distributed over the surface 
of a comparatively very large sphere instead of being concentrated 
in a “ point ” of nuclear dimension, the catalytic activity of other 
cations will be exceedingly small compared with that of hydrogen 
ions. 

According to the. theory of acids developed in the former paper 
(T., 1917, 111, 253), if we neglect unsaturated affinity, the general 
formula for acids may be written //g—X. If x is the value of 
the saturated primary affinities and y the value of the saturated 
secondary affinities in the formula II ^X, y may vary from y — te 
(the weakest possible acid) to y — 0 (the strongest possible acid). 

If we now write the formulae to show the unsaturated affinities, 
the strongest possible acid has the formula (I) and the weakest 
possible acid the formula (II). 

—IT—X— E^X 

(I.) (H.) 

The formula (I) is the case where v (see p. 279) is vanishingly 
small. Strictly speaking, it. is the formula. of the dissociated acid 
(v — 0). The unsaturated secondary negative affinity of the 
hydrogen atom in a molecule of the strongest possible acid (I) is 
therefore equal to that of the hydrogen ion itself, and as we pass 
down the series through acids of decreasing strength, the un¬ 
saturated secondary negative affinity of the hydrogen atom becomes 
less until it vanishes, as seen in formula (II). It therefore follows 
that the undissociated molecule of a very strong acid should also 
exert catalytic activity, which catalytic activity should decrease 
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with decreasing strength of the acid, becoming zero in the weakest 
possible acid (II). It has been shown experimentally that the 
undissociated molecule of an acid has catalytic activity, the activity 
diminishing with decreasing strength of the acid (Goldschmidt and 
Tiruesen, Zeitsch. physikal. Ghent 1912, 81, 39; Dawson and Powis, 
T., 1913 , 103, 2135; Dawson and Reiman, ibid., 1915, 107, 1426; 
Snethlage, Zeitsch. vhysikal. Ghent., 1913, 85, 211), but according 
to Dawson and Powis, the activity of the undissociated acid in 
some cases is much greater than that of the hydrogen ion. In 
considering this question, it is necessary to take into account the 
effect of solvation. 

According to the theory of duplex affinity, the chief cause of 
electrolytic dissociation is the combination of solute and solvent by 
means of unsafurated secondary affinity (see p, 280). In a solu¬ 
tion of an acid we therefore have the following equilibria: 

Undissociated molecule -f solvent solvated molecule. 

Solvated moleculesolvated hydrogen ion -f solvated anion. 

Solvated hydrogen ion solvent + hydrogen ion. 

Solvated anion solvent -i- anion. 

Hydrogen ion 4 - anion undissociated molecule of acid. 

Take now the extreme case in which the secondary negative 
affinity of the hydrogen ion is completely saturated by the secondary 
positive affinity of n molecules of the solvent S (as in a very basic 
liquid) to give the complex ion nS . ZT. The positive charge will 
now be distributed over the comparatively very large outer sphere 
of the complex (compare p. 284) instead of being concentrated in 
the nucleus of the hydrogen ion, and the catalytic activity cf the 
complex will therefore be comparatively very small. Solvation 
will therefore reduce the catalytic activity of both hydrogen ion 
and Undissociated molecule, and the observed catalytic activity of 
the hydrogen ion and the undissociated molecule in any given 
experiment will not be proportional to the real catalytic activity 
of each when unsolvated, but will depend on the degree of solva¬ 
tion of acid and hydrogen ion in accordance with the above-men¬ 
tioned equilibria. Again, if the solvation is slight, the solvated 
ion and the solvated molecule may also have appreciable catalytic 
activity. 

These principles are in agreement with the experimental observa- / 
tions on the relative catalytic- activities of acids in different media. 
Water forpis;complexes much more readily than alcohol; therefore 
in aqueous solution salvation-should"be. greater than in alcoholic 
solution, and. the catalytic activity, of acids should be less in water 
than in alcohol (compare Kistiakowski, Zeitsch. physikal, Ghem., 
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1898, 27, 253, and especially Dawson, T., 1911, 99, 1). Dawson 
lias found that in alcoholic solutions the catalytic activity may be 
one hundred times as great as in water. Further, the addition of 
water has been found to decrease the catalytic activity in alcoholic 
solutions, and this has been shown to he due to combination of 
the water with the hydrogen ions (Goldschmidt and Udby, 
Zeitsch. physical. Chem. } 1907, 60, 728; Lapworth, T., 1915, 107, 
857). 

It would be of considerable interest from the point of view of 
this paper if experiments could be made on the catalytic activity 
of acids in some truly non-polar medium, such as benzene or carbon 
tetrachloride. In such a medium, solvation and ionisation would 
be reduced to a minimum, because non-polar compounds are fully 
saturated, and therefore unable to combine with the solute. It. 
has been shown, for instance, that benzene at 18° dissolves 2 per 
cent, of its weight of hydrogen chloride, and that the solution is 
without electrical conductivity (Falk and Walker, Amer. Chem. 
J. f 1904, 31. 398). The catalytic activity in a truly non-polar 
medium would therefore be due to the unsolvated molecule only, 
and in the case of a very strong acid would probably be very great 
compared with the activity of the undissociated molecule in aqueous 
or alcoholic solution. 


Conclusion: 

For the sake of simplicity, it has been assumed throughout this 
paper that the atoms are spheres. It must be emphasised, in con¬ 
clusion, however, that the atomic sphere so often referred to is a 
purely geometrical conception. We may suppose it to be a sphere 
described around the atom with the positive nucleus at the centre, 
and the radius sufficient to include all the constituents of the atom 
(valency electrons, etc.) within the sphere. The use of this con¬ 
ception is justified by the atomic volume relationships of the 
elements, and by the fact that the atoms are not capable of inter¬ 
penetration when endowed with such small amounts of energy as 
correspond with the motions of thermal agitation of molecules 
(compare 11. A. Millikan, “The Electron,” pp. 139, 191). 

[Received, October 23n2, 1918.] 
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XXX .—Cur cumin. 

By Praphulla Chandra Ghosh. 

The work described in this paper was in progress, and in fact com¬ 
pleted, before an account of tbe synthesis of cureumin by Lamp© 
(fier;, 1918, 51. 1347) appeared. 

A portion of the work was devoted to proving the presence of the 
•C'OCHyCO* group, which in any case is now clear from the 
synthesis, confirming the formula, 


OMe ' OMe 



previously put forward by Milobendzki, Kostanecki, and Lampe 
1910, 43, 2163). The results bearing on this point are there¬ 
fore given in an exceedingly abbreviated form. 

With benzaldehyde, cureumin forms a benzylidene derivative, and 
it also forms a condensation product with nitrosodim ethyl aniline. 

The action of bromine on cureumin and some of its derivatives 
was also studied with the object of testing the presence of two double 
bonds. 

There were obtained manobromocurcurnin, C 21 H ig O G Br, mono- 
brom odiearb ethoxy cur cumin, C 21 H 17 0 4 Br(0*C0.2Et)<j, monobromo- 
cll carl etho xycurcu mm tetrahromide, C2 1 H 17 0 4 Br 5 (0*C0 2 Et) 2 , di- 
bromodiearbethoxycarcumm .tetrahromide, C 2l H 3C 0 4 Br 6 (0*C0 2 Et) 2 , 
monabromodiacetylcurcumin, C 21 H 17 0 4 Br(0Ac) 2 , dibromodiacetyl- 
curcumm tetrahromide, C a H 16 0 4 Br 6 (OAc) 2 , monobromodimethyl - 
cureumin , C 21 H 17 0 4 Br(OMe) 2 ,' and dibromodimethylcurcumm tetra¬ 
hromide, C a H 16 0 4 Br 6 (0Me) 2 . 

In the course of this investigation, it was discovered that dicarb- 
ethoxycureumin could be converted into dicarbethoxylsocurcumin 
simply by boiling with acetic anhydride and pyridine. This led 
to the view that one of the two known diacetyl derivatives of 
cureumin was probably diacetyhhocurcumin. Ciamician and Silber 
described a diacetylcurcumin melting at 169—170°, whilst Jackson 
prepared an isomeric substance melting at 154° by acetylating 
cureumin with acetic anhydride and sodium acetate. It was 
suspected that the latter was probably diacetyh'socurcumin, and 
.. this suspicion was found to be-correct. 

Jackson’s compound, which can also be formed by acetylating 
cureumin-'with acetic anhydride and pyridine, gives Heller's -iso- 
curcumin (Ber., 1918, 47, 887) on hydrolysis. It is therefore quite 
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easy to convert curcumin into ^ocurcumin. These reactions can be 
represented graphically, thus: 

Diearbethoxycurcumin ■«£-— Curcumin 


Boiling with 
acetic anhydride 
and pyridine. 




— 



Diacetyl 
compound, 
m. p. 154°. 


Dicarbethoxyisocurcumin -<— isoCurcumin. 

This simple conversion of curcumin into tsocurcumin confirms 
Heller’s view that the two substances are geometrical isomerides. 

From the ferric chloride reaction, Heller considers that curcumin 
exists in the ©nolic form (I), and as there is considerable 


CHd 


_OMe 

^c(oh)-ch:ch<^ ^>oh 

OMe 

\ co — ch:ch< / ~ x >oh 


(i.) 


_OMe 

CMe*CH:CH<^ ^OH 


CHv 


__OMe 

yx>— ch:ch<^ \oh 
(id 


resemblance between this formula and that of divanillylidene- 
rnesityl oxide (XI), the latter has been prepared in the course of this 
investigation by condensing two molecular proportions of vanillin 
with one of mesityl oxide by means of hydrochloric acid, and it is 
intended to compare the absorption spectra of this substance with 
that of curcumin; similarity of absorption spectra would speak in 
favour of similarity of molecular configuration. 

The condensation of mesityl oxide with some other aromatic 
aldehydes has been studied, and ip-hydroxyb enzyUdenemesityl oxide , 
o-hydroxy 5 enzylideneniesityl oxide, piper onyliden e. rn esityl oxide, 
and cin-namylidenemesityl oxide have been isolated. 

In connexion with the geometrical isomerism of curcumin and 
isocurcumin, there is some evidence that cinnamylidenemesityl oxide 
and piperonyliden era esityl oxide exist in two forms. 

Most of the compounds examined in the course of this investiga¬ 
tion are fluorescent. They are arranged in the following list in 
the order of their intensity of fluorescence : 

1ST 


VOL. CXV. 
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Solvent in which the 


Substances arranged in gradually diminishing greatest intensity is 

order of fluorescence, observed. 

Cur cumin ... ... ... ... ... Chloroform. 

Benzylidenecurcumin, 

CHPh:C(CO*CH:CH*C e H 3 [OMe]’OH) 2 Acetone. 

p - Hydroxybenzylidenemesityl oxide, 

OH*C a II 4 ’CH:CH*CO*GH:CMe 2 Toluene 

o-Hydroxy benzylidenemesityl oxide ... Toluene. 

Dicarbethoxy curcumin, 

CH 2 (CQ’CH:CH*C 6 H 3 [OMepO*CO a Et) 2 Acetone. 

Diacetylcurcumin, 

CH 2 (CO*CH:CH*C 6 H 3 [OMe]*OAc) 2 Acetone. 

Dlvanillylidenemesityl oxide ... Acetone. 

Monobromocurcumin, 

CHBr(CO‘CH:CH*C 8 H 3 [OMe]‘OH) s Acetone. 

MonobromodicarbethoxycurcumLo. tetrabromide, 

CHBr(C0*CHBi-CHBr-C 8 H 3 [OMe}'O*C0 2 Et) a Chloroform. 

Dibromodicarbethoxycureurnin tetrabromide, 

CBr a (CO*CHBr*CHBr*C 6 H 3 [OMei‘O-C0 8 Et) a Chloroform. 


h’rom these observations, it may be inferred that (1) auxochroniic 
groups, (2) the labile hydrogen atoms, (3) the double bonds, and 
(4) the symmetry of the molecule increase fluorescence, but are not 
the invariable factors of fluorescence. 

Experimental. 

B e nzyliden e c u rcumin , C 6 H 5 * CHI C 21 H lg O e .—A current of dry 
hydrogen chloride was passed through a mixture of benzaldehyde 
(O’5 gram), curcumin (1-3 gram), and alcohol (40 c.c.) cooled with 
ice. The colour became dark violet, probably owing to the form¬ 
ation of curcumin hydrochloride, and in about a day the whole of 
the curcumin dissolved and the colour changed to orange-red. 
After forty-eight hours, the mixture .was. poured into ice-cold water, 
when a greenish-yellow precipitate was obtained which could not 
fee .crystallised. It was purified by solution in acetic acid and frac¬ 
tional precipitation by sodium acetate (sample I), and subsequently 
in the same way by precipitation from an alcoholic solution by 
water (sample II). It is soluble in alcohol, acetic acid, acetone, 
or chloroform. shrinks slightly at 170°, and melts at 200°: 

I. 0 1 i000 gave 0-2696 0O> and 0”0486 H 2 0. C-73'5; H=5'4. 

II. 0-1104 „ 0-2965 C0 2 „ 0-0527 H 2 0. C = 73-25• H = 5'3. 

■CggH^^Og requires C—73*68 * H=5-26 per cent. 

Condensation- Product of Curcumin and NitrosoMmethyllamlinp , 
N(GH 3 ). ; /C t3 H 4 *NiC 2I H 18 0 6 .—One part of curcumin and one:part of: 
ni t-rosod imethylaniline 'were''dissolved"in alcohol, two parts of zinc 
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chloride were added, and the mixture was warmed for a few minutes 
on the water-bath. When the colour became brown, the product 
was precipitated by water. A good deal of tarry matter was dis¬ 
solved by treatment with 30 per cent, acetic acid. The residue 
could not be crystallised, but was purified by fractional precipita¬ 
tion from acetic acid solution by water. The substance obtained 
in this way is fairly readily soluble in alcohol, acetic acid, or 
acetone, shrinks at 98°, and melts and decomposes at 144—145°. 
Two fractions obtained by precipitation with water from acetic 
acid solution had the same melting point, and gave the following 
results on analysis: 

I. 0T5O2 gave 7*6 c.c. N 2 at 30° and 760 mm. N = 5 - 7. 

II. 0-1430 „ 7-1 c.c. Ns „ 29° „ 758 mm. N=5*61. 

CggHggOgNg requires N=5‘8 per cent. 

Monobromocar cumin, C 21 H 19 0 6 Bi\—Half a gram of curcumin 
was dissolved in 35 c.c. of warm chloroform, the solution cooled 
until curcumin began to separate, and 4*5 c.c. of a 5 per cent, solu¬ 
tion of bromine in chloroform were then gradually added, avoid¬ 
ing rise of temperature. The solution became quite clear on the 
first addition of the bromine solution (1 c.c.), and hydrogen bromide 
was evolved. After ten minutes, air was blown through the mix¬ 
ture to drive off the chloroform, and the residual emulsion was 
rubbed with a little alcohol. Needle-shaped crystals of mono- 
bromocurcumin separated, which were soluble in alcohol, chloro¬ 
form,.'acetic acid, acetone, or toluene, shrank at 131°, and melted 
at 136°: 

0-1187 gave 0-0510 AgBr. Br=18*2. 

02 l H 19 O (i Br requires Br = 17*9 per cent. 

Monobromodiearb ethoxy curcumm, C 2l H 17 0 4 Br(O*CO 2 Et) 2 , pre¬ 
pared in a similar way from dicarbethoxycurcumin, crystallises from 
much alcohol in needles melting at-165-^-170°: 

0-1172 gave 0-0382 AgBr. Br= 13*87. 

C 27 H 27 O 10 Br requires Br= 13‘47 per cent. 

M o n<o b romodi carbethoxy curcumin tetrab romide, 
C 21 H 17 0 4 Br 5 (0*C0 2 Et) 2 . 

—Dicarbethoxycurcumin (1 gram) was dissolved in the minimum 
quantity of cold chloroform and treated with 40 c.c. of a 2'5 per 
cent, solution of bromine in the same solvent. After remaining at 
the ordinary temperature for one and a-half hours, the chloroform 
was driven off by a current of air. The product was extracted 
successively with boiling ethyl and methyl alcohols, leaving a residue 
which could not be crystallised, but was purified by dissolving in 
chloroform and fractionally precipitating with alcohol. It is 

H 2 
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sparingly soluble in alcoliol or light petroleum, and melts and 
decomposes at 209—210°. Different fractions gave the same 
analytical results: 

0-1397 gave 0-1438 AgBr. Br=43'8. 

0 27 II 27 O 10 Br 5 requires Br=43*9 per cent. 

Bib romodicarb ethoxy cut cumin, tetrabromide , 
C 21 H lc O 4 Br 0 (O*CO 2 Et) 2 , 

was obtained by brominating dicarb ethoxy curcumin in cold chloro¬ 
form solution with excess of bromine. It separated from alcohol 
in colourless crystals, softening at 148° and melting at 152°. It 
remains unchanged on boiling with water: 

0-1278 gave 0*1460 AgBr. Br = 48*61. 

C 3 7 H 20 O 10 Br 6 requires Br=48'48 per cent. 

Monobramodiacetylmrcumin, C 21 H 17 0 4 Br(0Ae) 2 .—Ciamician and 
Silber’s diacetyleurcumin was brominated in cold chloroform solu¬ 
tion with a little more than the theoretical quantity of a chloro¬ 
form solution of bromine (as in the preparation of monobromodi- 
carbethoxycurcumin). It crystallises from alcohol in needles melt¬ 
ing at 173—174°, and is brighter in colour than diacetyleurcumin 
itself: 

0-1162 gave 0*042 AgBr. Br=15*38. 

C 25 H es 0 8 Br requires Br= 15*03 per cent. 

Dibromodiacetylcurcumin tetrabromide , C 21 H lc 0 4 Br 6 (0Ac) 2; was 
obtained by brominating diacetyleurcumin in cold chloroform solu¬ 
tion with excess of bromine, and was crystallised from alcohol. It 
melts and decomposes at 80—83°: 

0*1477 gave 0*1785 AgBr. Br=51*43. 

C 25 H 22 O g Br 6 requires Br = 51*45 per cent. 

Mondbromodimethylcurcumin, C 21 H 17 0 4 Br(0Me) 2 , was obtained 
by treating dimethylcufcumin in cold chloroform solution with a 
little more than the theoretical quantity of bromine. It crystallises 
from alcohol in needles melting at 140—141°: 

0*1200 gave 0-0468 AgBr. Br = 16*6. 

C^H^OeBr requires Br —16*49 per cent. 

Bibmmodimethylcurcumin tetrabromide, C 21 H ]e O 4 Br 0 (OMe) 2 .—- 
Diinethylcurcumin dissolved in chloroform was” treated with excess 
of bromine, when hydrogen bromide was evolved, and, after half 
an hour, the chloroform was evaporated. This substance could not 
be crystallised, but was purified by precipitation from its hot 
alcoholic solution with water. Distinct fractions possessed the same 
melting point (softens at 96°, melts at 102—-104°) and gave 
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identical analytical results. It is soluble in chloroform or acetic 
acid: 

01120 gave 0'1437 AgBr. Br=54'6. 

C 23 H 22 0 6 Br 6 requires Br —54'87 per cent. 


Conversion of Dicarb ethoxy cur cumin into Better's Dicarb ethoxy- 
iso curcumin. 

A mixture of 1 gram of dicarb ethoxy cur cumin, 10 c.c. of acetic 
anhydride, and 1 c.c. of pyridine was digested at the boiling point 
for forty-five minutes. Alcohol (6 c.c.) and a little water were 
added to the cooled mixture, and the supernatant liquid was 
decanted from the viscous mass which thus separated. From the 
latter, by stirring with 2 c.c. of glacial acetic acid, a solid product 
was obtained, and this when crystallised from alcohol melted at 
142°, which is identical with the melting point given by Heller 
for dicarb ethoxy isocurcumin. 

Found: 0=63-0; H = 5*5 

C 27 H 2g O 30 requires Q= 63*28; H = 5*46 per cent. 

Acetylation of Cur cumin with Acetic Anhydride and Pyridine. 

Curcumin was digested with acetic anhydride and pyridine under 
the same conditions as described in the last paragraph, and a solid 
product isolated. The yellow solid obtained in this way was frac¬ 
tionally crystallised from acetic acid. The first fraction (which was 
only a minor portion) melted at 169—170°, and was found to be 
identical with Ciamician and Silber’s diacetylcurcumin (mixed melt¬ 
ing point). The second fraction (major portion) melted at 154°, 
and this, it is interesting to note, is identical with that given by 
Jackson for his diacetyl compomid obtained by means of acetic 
anhydride and sodium acetate. 

Found: 0=66*4; H=5*23. 

C^yHyOg requires 0 = 66*37; H—5'3 per cent. 

Deacetylation of Diacetylcurcumin (m. p. 154°) and Isolation of 
Heller's iso Curcumin. 

One gram of this diacetyl compound was dissolved in 15 c.c. of 
acetic acid, 1 c.c. of sulphuric acid (D 1*84) added, the mixture 
warmed for a minute, cooled, and poured into water. The yellow 
precipitate was dried on porous porcelain and extracted with hot 
benzene. The benzene solution, on cooling, deposited the substance 
as a yellow, amorphous powder, soluble in cold alcohol, acetic acid, 
acetone, ethyl acetate, or chloroform, sintering at 140° and melting 
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about 280°. There could be little doubt that this compound was 
identical with Heller’s sbocurcumin: 

0-1130 gave 0'2822 C0 2 and 0*0571 H 2 0. 0=68-1; H = 5-6. 

C 2 iH 20 O e requires 0=68*4; H = 5'43 per cent, 
p- Mydroxybenzylidenemesityl oxide , 

oh*c 6 h.pCh:ch*co*ch:c(ch 3 ) 2 . 

—To an alcoholic solution of 2“4 grams of p-hydroxybenzaldehycle 
and 1 gram of mesityl oxide, 1'5 grams of zinc chloride were added, 
and the liquid was boiled for two hours. The solution, after 
concentration, was poured into water, causing the deposition of 
oily drops, which became crystalline on agitation. On recrystal¬ 
lisation from alcohol, yellow crystals were obtained, which melted 
at 120° and dyed yellow shades on chrome-mordanted wool: 

0-1210 gave 0‘3590 CO, and 0-0784 TL.O. 0=80-91; H = 7-2. 

C 13 H 14 0 2 requires 0=81-25; 11=7*36 per cent. 
o-Hydroxybenzylidenemesityl oxide was prepared in a similar 
way to the corresponding ^hydroxy-compound. The crude pro¬ 
duct separated as an oil, which was obtained crystalline by dissolv¬ 
ing in aqueous potassium hydroxide, allowing to remain for a few 
days, and precipitating with hydrochloric acid. The substance dis¬ 
solves with a very beautiful orange-red colour in potassium 
hydroxide solution: 

0-1000 gave 0-2970 CO, and Q‘0667 H,0. C=81-0; H = 7'42. 

Ci 3 H 14 0 3 requires0=81*25; H=7-36 per cent. 
Piperonydideneviesityl oxide, 

CH 2 :o 2 :c 6 H 3 *CH:cH-co-an:c(CH 3 ) 2 . 

•—Piperona! (2-6 grams) and mesityl oxide (2 grains) were dis¬ 
solved in alcohol, and alcoholic potassium hydroxide was added to 
render the solution fairly alkaline. The mixture was boiled for a 
few minutes, when an orange-coloured substance began to separate. 
On cooling, this solid was collected, dissolved in acetic acid, and 
reprecipitated with water, when it melted at 130—135° (1). This 
proved to be a mixture of two substances melting at 148—153° and 
175 —178° respectively, which can be separated either by fractional 
precipitation by alcohol from acetic acid or by extraction with 
alcohol, in which the substance of higher melting point is scarcely 
soluble. The hot alcoholic extract, on cooling, deposits the sub¬ 
stance, which melts at 148—153° {B). The insoluble residue, dis¬ 
solved in chloroform and fractionally precipitated by alcohol (the 
first fraction being rejected), melted at 175—178° (C) : 

(.4) 0-1000 gave 0-2662 C0 2 and 0-0558 H,0. 0=72*6; H = 6*2. 
(5) 0*1150 ,, 0*3040 C0 2 „ 0-0580 I-hO. C = 72-l; H = 5*6 
(0)0-1021 „ 0-2710 00 2 „ 0 0533 l-f 2 0. 0 = 72*4; H = 5*8. 

^ 14 ^ 14 ^ 3 requires C = 73-0; H == 6’08 per cent. 
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Ginnam //lid enernesityl oxide, 

c 6 h 5 -ch:ch-ch:ch-co-ch:c(oh 3 ) 2j 

was prepared in the same way as the above piperonylidene com¬ 
pound. On cooling the reaction mixture, some viscous substance 
was deposited, from which the supernatant liquid was decanted and 
poured into water. The semi-solid mass was dissolved in acetic 
acid and precipitated with alcohol. It melts and decomposes at 
180—182° (a). Addition of water to the filtrate caused the separa¬ 
tion of a second substance, which melted and decomposed at 88 ° ($). 
Both the a- and /3-compounds were soluble in alcohol, chloroform, 
acetone, or toluene, but could not be crystallised from any of these 
solvents. Experiment showed that these compounds were inter¬ 
convertible; the former (a) on boiling* with acetic acid for two* to 
three minutes and adding water to the solution gave the 3 -com¬ 
pound melting at 88 °, whereas the latter on boiling with alcohol 
for about five minutes gave, on cooling the solution thus obtained, 
a deposit of the a-compound melting at 180—182°. 

The a-compound is less readily soluble in alcohol than the 0: 

(a) 0*1082 gave 0*3365 C0 2 and 0*0670 H 9 0. 0=84*4; H = 6 * 8 . 

( 38 ) 0*1494 „ 0*4610 002 „ 0*0808 H 2 Q. 0 = 84*1; H = 6*0. 

0 14 H 15 0 requires C = 84*4; H = 6*4 per cent. 

Divanilh/lklenemesityl oxide (II, p. 293).—A current of dry 
hydrogen chloride was passed into an ice-cooled alcoholic solution 
of 2*6 grams of vanillin and 1 gram of mesityl oxide, when the 
liquid became deep blue. After two days, the solution was poured 
into cold water, the precipitate collected and triturated With sodium 
acetate solution. The brown, amorphous powder obtained in this 
way could not be crystallised, and was purified by fractional pre¬ 
cipitation from acetic acid with water solution. It is soluble in 
alcohol, chloroform, or acetone, softens at 165°, and melts at 178°. 
Distinct fractions obtained by the above described method gave 
identical analytical results: 

I. 0*1200 gave 0*316 CD 2 and 0*067 H 2 0. C=71*8; H = fi*2. 

11.0*1065 „ 0*282 C0 2 „ 0*059 H 2 0. 0=72*21; H = 6 *L 
Cna&oaOg requires 0 = 72*1; H =6 per cent. 

I take this opportunity of thanking Brof. B. 1ST. Has for his kind 
help and encouragement during the progress of the %Ork. 

Chemical Laboratory, 

Dacca College, Bengal, India. [JBeceiwed, December 30i^, ldl8.] 
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XXXL — The Rotatory Dispersive Power of Organic 
Compounds . Part IX. Simple Rotatory Dis¬ 
persion in the Terpene Series. 

By Thomas Martin Lowry and Harold Helling Abram. 

In a paper on “ The Form of the Botatory Dispersion Curves,” 
published in 1913 (T., 103, 1067), it was shown: 

(a) That the rotatory dispersion in a large number of simple 
organic compounds may be expressed by the formula 

a = */(\*-A 0 2), 

where k is the “ rotation constant ” and A 0 2 is the “ dispersion con¬ 
stant ” of the substance. 

(b) That this formula can be applied both to magnetic and to 
natural rotatory powers. 

(c) That a very simple method of testing the form of the disper¬ 
sion curves is to plot the reciprocals of the rotatory powers against 
the squares of the wave-lengths. When the simple dispersion 
formula is valid, the observations will plot out to a straight line. 

The- validity of this simple dispersion formula was established 
in several ways. Thus-: 

(1) Twenty-five hydrocarbons, alcohols, and acids for which the 
ratio a 435g /q 5461 ~l’636 were grouped together, and their magnetic 
dispersion ratios were averaged for six different wave-lengths; these 
averages showed a remarkable agreement with the ratios calculated 
by means of the simple dispersion formula. 

(2) 'In the same way the optical dispersion ratios of eight second¬ 
ary alcohols, for 'which a mg f a 54el ~ 1 ’651, were found to agree closely 
with ratios calculated by the simple formula. 

(3) A few optical and magnetic rotations of larger magnitude 
showed a similar close agreement in individual cases, without the 
■necessity for averaging -which arises when the readings are small. 

(4) In the case of a- and jS-methyl glucosides, very concordant 
results were obtained when the two constants of the simple equation 
were calculated (a) from the mercury readings a im and a 5461 , 
(&) from the. cadmium readings cw and % }3S (Lowry and Abram., 

■ Tram. Faraday Soc., 1914, 10, 108). 

These earlier observations showed . that the' simple .dispersion 
formula can be applied very generally to compounds of simple 
-. structure, such as. the- optically active secondary, alcohols, which 
' contain only a single asymmetric carbon atom and' .also to com- 
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pounds such as the glucosides which contain several asymmetric 
carbon atoms associated with the simplest possible radicles, for 
example, hydrogen, hydroxyl, and the like. An opportunity lias, 
however, occurred recently of testing the validity of this same 
simple formula in the case of a large number of optically active 
compounds in which these elements of simplicity in the molecular 
structure are conspicuously absent. The striking results of this 
further test form the subject of the present communication. 

The new data now under consideration were provided by the 
observations of Prof. Rupe, who in continuation of earlier. experi¬ 
ments on the “ Influence of Constitution on the Potatory Power of 
Optically Active Substances ” (Annalen, 1903, 327, 157; 1909, 369, 
311; 1910, 373, 121; 1913, 395, 87, 136; 1913, 398, 372; 1914, 
402, 149) has published a series of measurements of the optical 
rotatory power of (1) twelve derivatives of methylenecamphor, 
(2) menthol and eleven of its esters, (3) myrtenol and eleven of its 
esters, (4) three hydrocarbons derived from citronellaldehyde, 
(5) camphor, pulegone, and carvone {Annalen, 1915, 409, 327). 
Unlike the previous series of measurements, which were confined to 
observations with sodium light, the last series included, in the case 
of almost every compound, readings for four different wave-lengths 
in the visible region of the spectrum. It was therefore possible to 
study, not only the optical rotatory power of the various com¬ 
pounds, but also the character of their rotatory dispersion. 

The four wave-lengths, selected from a continuous spectrum, 
were A = 6563, 5898, 5463, and 4861, corresponding closely with the 
Fraunhofer lines: (7 = 6563, D — 5893, ^=4861, and the green 
mercury line Hg 5461. In order to preserve a convenient sequence 
of lettering, these four wave-lengths were described as G, D, E, 
and F ; but, as the symbol E has long been applied to the Fraun¬ 
hofer line of wave-length 5270, the symbol Q is used below for the 
green (quicksilver) line in the series, which thus becomes (7, D, 
Q, F. 

The various substances were examined either in the pure state 
as liquids at 20° or dissolved in benzene at 20°, since this solvent 
was found to have no very great influence on the rotatory powers; 
several substances were examined both in the pure state and in 
solution. 

When the experimental work was approaching completion, the 
data were handed over for detailed analysis to Dr. A. Hagenbach, 
Professor of Physics in the University of Basle, The important 
deductions which he was able to make are set out in a paper on 
"Rotatory Dispersion in Homologous Series” (Zeitsch. physikal, 

N* 
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Chem 1915, 89, 570). The chief points of this paper are as 
follows: 

(1) The dispersion ratio a P fa, c is practically constant in each 
series of closely-related compounds. Compounds which differ in 
any marked degree from the average are regarded as “ relatively 
anomalous.' 5 

(2) A similar statement may he made in reference to all the six 
ratios aja c , aj.Ja M a F ja Q , a Q la ct aja m Qj>ho> as was shown 
by tabulating these ratios for (i) eight derivatives of methylene- 
camphor, (ii) menthol and seven of its esters, (iii) three hydro¬ 
carbons from citronellaldehyde. 

(3) It follows, therefore, that if the dispersion law for one 
member of the series he given by the equation a = $(1), the rotatory 
dispersion in every compound may be expressed by equations, 
such as: 

[« 2 3=Co>(a). 

[ff 3 ]==(7 3 <£(A). 


This proportionality of rotatory powers was demonstrated by tabu¬ 
lating the ratios ao/cq, a 3 /£q, cq/cq, etc., in each of the three series 
of compounds. 

Attempts were made to determine, mainly by graphical methods, 
the nature of the unknown function d>(A). Thus, the equations of 
Biot, 

a= £/A 2 , 

and'of Stefan, 

*=A+B(\*, 

were tested by plotting a against 1 /A 2 . Boltzmann's equation: 


a —A j A 2 + $ Ix* or aA 2 = A + B /A 2 , 

was tested by plotting cA 2 against 1/A 2 . ' In neither case was an 
exact linear law disclosed. The equations of Lommel, and the two- 
term equation which Drude used to express the rotatory power of 
quartz-, could not be tested in this way; but the empirical equa¬ 
tions 

ass-A'+B/ A M and hga-A + B/A. 

were tested by plotting logd against log 1/A and against 1/A; sub¬ 
sequently, log..a was also plotted against A, and' a against 1/A 
(Atm-alenr, 1915, 409, 349, 351), but again without disclosing any 
ampin linear relation between 'these quantities. The nature of 
tfeo .'function in the equation a—$ (A) thus remained, 'still undis¬ 
covered. . The' present paper - serves ■ to •- supply this ' deficiency by 
: allowing that, in almost every case 'the' new dispersion -.data- can be 
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expressed by a simple equation of tlie type first put forward by 
Drude. 

The fact that Drude’s equation was not used by Hagenbach, and 
in general failed during many years to secure the practical recog¬ 
nition which it deserves, may be accounted for in two- ways. In 
the first place the equation was put forward, as an approximation 
only, in a very general form: 

“ 5 A«-V 

containing an indefinite number of arbitrary constants. The arbi¬ 
trary constants, Ap, A 2 2 , A ; p, . . in the denominator were deduced 
from measurements of refractive dispersion, and it was not even 
suggested that they could be derived (in a still more satisfactory 
way and often with much greater exactness) from the rotations 
themselves. In the second place, Drude demonstrated tlie validity 
.of his equation, only in one single case, namely, that of quartz, 
the equation for which took the form 

k, _ k 
a A. 2 —V X 2 ’ 

No data whatever were given for optically active liquids, and the 
magnetic rotatory dispersion in carbon disulphide and in 
creosote (!) was expressed by a different formula, also depending 
on measurements of refractive dispersion. The first extensive prac¬ 
tical application of Drude’s formula was therefore made less than 
six years ago in the second paper of the present series. 

The easiest (although perhaps the least exact) method of testing 
the simple dispersion law, a = /r/(\ 2 —A 0 2 ), is to plot the reciprocals 
of tlie rotations against the squares of the wave-lengths. The 
dramatic effects which are produced by plotting 1/a against A 3 are 
shown by comparing the straight lines of Figs. 1 to 4 with the 
broken lines* or curves which were given by all other methods of 
plotting. It is specially remarkable that plotting a against 1/A 2 
(Stefan’s formula) should give curves, where plotting 1/a against 
A 2 (Drude’s formula) gives very exact straight lines. These lines 
indicate clearly that, where half a dozen other relationships have 
failed, the simple Drude formula gives at once a satisfactory 
expression of the experimental data, f 

* Hagenbach appears to have plotted his curves on the assumption that 
the “E” line used by Rupe was the Fraunhofer line a 5270 , and not the 
mercury line ct 6421 . 

t More exact data may perhaps compel the use of additional terms, as in 
the case of quartz, which requires one, two. or three terms, according to the 
range and accuracy of the data employed, but there are no indications of this 
in the data examined hitherto. 


N* 2 
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A marked exception occurs in the case of pulegone, which gives 
a smooth, full curve, and evidently shows “ complex ” rotatory dis¬ 
persion. Diphenylmethylenecamphor, C 10 H 14 OICPh 2 , the dis¬ 
persion ratios of which are much lower than those of all the related 
compounds, gives a curve; so also does ment-hyl j3-phenylcinnamate, 
C i0 H 19 O • CO * CH CPh 2 , the rotatory dispersion of which must be 
complex, since the dispersion ratio, a p Ja c =1*72, falls below the 


Fig. 1. 



Rotatory dispersion in derivatives of methylenecamphor. 

Mot-ice curvature in the case of tlie diphenyl derivative. 

minimum value a f fa c — A C 2 /'V 2 - l'SIS, beyond which A 0 2 would 
become negative and A 0 an imaginary quantity; the fact that both 
these compounds contain the group CCPh 2 can at present only be 
regarded as a coincidence. All the other compounds appear, as a 
result of this rough graphical analysis over a narrow range of 
wave-lengths, to .give simple rotatory dispersion. 

A more exact test of the dispersion formula is given by numerical 
ealculation. The following table -shows that the specific rotations, 
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observed and calculated, of a series of typical compounds lie well 
within the range of possible experimental errors. 


Table I. 

Specific Rotations, Observed and Calculated. 


Ehhylideneeaniplior. 

* [a] = 47*322 /(A 2 

-0*0829). 


Obs. .. 

136-37° 

178-58° 

219-31° 

308-49° 

Calc. 

136-05 

178-58 

219-55 

308-49 

0-0 . 

4-0-32 

± 

-0-24 

± 

Hydroxymethylenecamphor/ 

[a] = 22 

*843/ (A 2 - 

0*0874). 

Obs. 

66-53 

87-66 

108-57 

153-41 

Calc. 

66-53 

87-70 

108*26 

153-41 

0-0 . 

± 

-0-06 

+0-^3 

± 


Benzylmethylenecamphor, [a] = 33*431 /(A 2 — 0*0887). 


Obs. .. 

. 97-87 

129-00 

156-26 

226-50 

Calc. .. 


129-00 

156-39 

226-50 

0-0 .. 

. -1-0-12 

± 

-0-13 

rb 

Menthol,* [a] 

= 15*068/(A 2 

-0-0236). 



Obs. .. 

. 37-01 

46-58 

54-78 

70-84 

Calc. .. 

. 37-01 

46-47 

54-82 

70-84 

O-C .. 

. ± 

-f0-ll 

-0-04 

± 


Mentkyi benzoate/* [a] = 29*364/(A 2 —0-0255). 


Obs. 

72-41 

91-10 

' 107-76 

139-30 

Calc. 

72-46 

91-10 

107-59 

139*30 

O-C . 

-0-05 

± 

4-0*17 

± 

Myrtenol, [a] = 14*700/(A 2 - 

■0*0316). 



Obs.. 

36-83 

46-49 

55-04 

71-81 

Calc.. 

36-83 

46-48 

55-09 

71-81 

O-C . 

± 

-1-0-01 

-0-05 

± 

Myrtenyl benzoate, 

a=ll*505/(A 2 - 

0*0341). 


Obs. .. 

29-01 

36-67 

43*51 

56-90 

Calc. .. 

29-01 

36-67 

43-52 

56-90 

O-C . 

dt 

± 

-001 

± 


* Dissolved in benzene. 


In view of the fact that the readings for solutions in benzene 
were multiplied by ten to convert them into specific rotations, 
whilst the others were approximately doubled, the agreement shown 
above is practically perfect.- 
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Even, clearer evidence of the validity of the simple dispersion 
formula is afforded by a study of the average dispersion ratios 
observed and calculated for groups of related compounds. Three 
such groups were averaged by Hagenbach, namely: 

(a) Eight derivatives of methylenecamphor (dissolved in 
benzene), a F fa c =2*310. 

(5) Seven esters of menthol (pure or in benzene), a F ja c = T920. 


Fig. 2. 



Rotatory dispersion in menthol and its esters. 

Notice curvature in the ease of B-pheaylemnarnate. 

(c) Three derivatives of citronellaldehyde (in the pure state), 
m F fa c — 1*991. 

To these there are now added average ratios for : 

V Six derivatives of-.methylenecamphor (in the pure state), 
a F ja c — 2*303.- . 

(e) Menthol and seven esters (dissolved in. benzene), a F fa c ~ 
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(/) Myrtenol and eight esters (in the pure state), aja c =1'958. 
The close agreement between the observed and calculated values 
of these ratios is shown in table II. 



A 2 =0'45 0-40 0-35 0-30 0-25 


Rotatory dispersion in myrtenol and its esters. 


Table II. 


Dispersion Ratios, Observed and Calculated . 





Bjr/ai). 



«<•<>/« »• 

«/}/“<7- 


(«) 

/Obs. ... 

.. 2-310 

1-751 

1-415 

1-633 

1*237 

1-319\ 


\Cale. 

.. 2-310 

1-752 

1-418 

1-629 

1-236 

1-318/ 

0-0879 

(6) 

f Ohs. ... 

.. 1-920 

1-529 

1-294 

1-488 

1-181 

1-2591 


\ Calc. 

.. 1-921 

1-529 

1-294 

1-484 

1-181 

1-257 f0-0250 

(c) 

fObs. ... 

..1-991 

1-561 

1-313 

1-515 

1-188 

l-274'l 


\Cale. 

... 1-992 

1-569 

1-316 

1-5 i 3 

1*191 

1-269 / 

0-0401 

(d) 

fObs, ... 

.. 2-303 

1-756 

1-423 

1-619 

1-234 

1-3121 

X 0 * = 

\Caic. 

.. 2-303 

1-748 

1-417 

1-626 

1-234 

1-318 f0-0871 

(e) 

f Obs. ... 

.. 1-911 

1-521 

1-289 

1-4&2 

1-180 

1-2561 

X,, 2 — 

{ Calc. . 

.. 1-911 

1-522 

1-292 

1-479 

1-179 

1-255/ 

0*0227 

if) 

fObs. ... 

.. 1-958 

1-560 

1-306 

1-499 

1*186 

1-2641 

• X r , a ,s= 

\Calc. 

.. 1-958 

1-550 

1-306 

1-409 

1*186 

1-264 jO-0334 
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This agreement is nearly as close as in the case of the data by 
which the validity of the simple Drudo formula was first estab¬ 
lished, and even the largest differences are usually less than the 
average errors of the individual ratios. The “simple” character 
of the rotatory dispersion could therefore only be called in question 
if data were available of greater exactness or over a 'wider region 
of the spectrum.. 

A further opportunity of testing the validity of the simple dis- 


Fxg. 4. 



pension law is provided by the,inclusion in a more recent paper by 
Prof. Ttupe. (Help. Chim. Acta, 1918, 1, 452) of dispersion data 
for four samples of camphylcarbinol. 


c 8 h 14 


/CH-CBL-OH 

o 

\(JO 


a compound containing three asymmetric . carbon atoms at com-. 
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ponents of a complex ring system. The agreement between the 
observed and calculated rotations is shown in table III. 

Table III. 

Rotatory Dispersion in Camphylcarbinol. 

First sample, [a]- 15-980/(A 2 -0-10220). 


A 

=6563 

5898 

5463 

4861 

Obs. ...... 

48*64° 

65*24° 

81*57° 

119*17° 

Calc. ......... 

48*64 

65*05 

81*43 

119*17 

0-0 . 

± 

+0*19 

+0*14 

± 

Second sample, [a] 

=15*213/ (A 2 — 0-10223). 


Obs. 

46*31 

62*11 

77*67 

113*48 

Calc. 

46*31 

61*93 

77*53 

113*48 

O-C ...... 

± 

+0*18 

+0*14 

± 

Third sample, [ct] — 

T5'252/(A 2 —0-10239). 


Obs. 

46*45 

62*22 

77*74 

113*90 

Calc. 

46*45 

62*13 

77*79 

113*90 

O-C ...... 

± 

+0*09 

-0*05 

± 

Fourth sample, [a] = 

= 16-10/ (A 2 -0-10304). 


Obs. 

49*13 

65*73 

82*44 

120*82 

Calc. 

49*13 

65*76 

82*39 

120*82 

O-C . 

± 

-0*03 

+0*05 

± 


It will be observed that the sample having the highest rotatory 
power, which was also probably the purest, gives a remarkably 
close agreement, the differences being in opposite directions and 
amounting only to a few hundredths of a degree, or about 1 part 
in 2000. This exact agreement suggests that the simple dispersion 
law may b v e of value as a test of purity, and that deviations from 
it may in some cases justify a further examination of the chemical 
composition of the material used for the measurements. 

It is of interest to notice the chemical character of the com¬ 
pounds to which the “ simple ,J dispersion formula has now been 
applied. They are as follows: 


/f H \ 

CHMe* 

/ 6h "\ 

/? H \ 

CH„ 1 o:chr 

CH„ CH-O-OO-R 

0H 2 CH 2 

1 CMe 2 j 

I 1 

1 i'Me s ! 

CH a | CO 

ch 2 , ch 2 

CH 7 GH 

. ^CMe/ 


\_c^ 

1. Methylene camphors. 

2. Menthol esters. 

ch 2 *o-co*r 

3. Myrteno! esters. 


OMe 2 :OH*OH 2 -CH 2 «CHMe*CH:CHR. 

4. Hydrocarbons from eitronellaldehyde. 
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Nearly all are complex ring compounds or loaded with double 
bonds. The fact that the simple formula applies to compounds of 
such complex structure is remarkable evidence of the broad and 
sound basis on which the formula rests. 

Characteristic Wave-lengths. —-In Drude’s simple equation, the 
rotatory dispersion is defined completely by the £f dispersion con¬ 
stant"’ a 0 2 • this is the square of a wave-length, which is that of a 
hypothetical absorption band, usually in the ultra-violet region 
of the spectrum. This wave-length defines the whole course of the 
dispersion curve, and is independent of the particular wave-lengths 
used to determine it; thus the value of A 0 2 may be deduced equally 
well from the mercury ratio a 4KS / a 5 . (65 , from the cadmium ratio 
a ,'.us6/ a 64ss> or fo°m the ratio a P ja e derived from the data now 
under discussion. A preliminary study of these data by Prof. Rape 
had, however, disclosed the fact that, in the case of the methylene- 
camphors, a F /a P whilst in the case of the citronellaldehyde 

hydrocarbons, a P - a c — a a that is, for each series there is a 
“characteristic wave-length,” k a (Zeitsch . physikal. Chem., 1915, 
89, 581), for which the rotation is equal to the difference between 
the rotations for the F and C lines. This wave-length is not a 
fundamental constant of the dispersion curve like the A 0 2 of Drude’s 
equation, since it depends on the two standard wave-lengths, for 
example, F and C, which are selected as determining the differ¬ 
ence; but it usually lies within the limits of the visible spectrum 
and affords a picturesque method of setting out the essential 
features of the dispersion curve. By assuming the validity of 
Stefan’s formula, Hagenbach showed that this wave-length can be 
Reduced from the expression 

JL_ a c f 1 _ 1_\ _ 1 

A/ " a r -ac W A C 2 J Ac 3 ’ 
or, taking in all the four-rotatory powers, 

_1 = ap , -a c ~a B ( 1 _ 1 _\ ■ - 1 _ 

A a 2 a c — a B \k* A/J A/ 

Drude’s equation, on the other hand, which is the .one that 
-actually fits the curves, gives for the “characteristic wave-length'” 
the expression- 

i 2 _ k*~(n~2)k/ _ 0*4307 - 0'2363(w—2) 
c (n-lf “ {n- 1) 3 ’ 

where n is the dispersion ratio a F /c4- Thus, for the citronell- 
aidehyde hydrocarbons, for which > = 2-00, this equation gives 
,\ a 2 — X c % as was observed ; experimentally.-when it was ..found .that 

apssflj,; 
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Constant, 'Rotatory Dispersion in Homologous Series .—In the 
compounds now under consideration, new radicles are introduced 
into the molecule at points which are separated from the asym¬ 
metric carbon, atoms by a considerable chain, including in every 
case either an oxygen atom or a double bond. A constant dis¬ 
persion ratio is therefore observed from the beginning, and any 
substance of which the rotatory dispersion differs largely from the 
average of the series is noteworthy and exceptional. The only 
conspicuous exceptions amongst some thirty-six compounds under 
consideration in the present research were found in two substances 
containing the group ICPh 3 . These have now been shown to 
differ from the others also in giving complex instead of simple 
dispersion curves, so that the rule appears to apply without excep¬ 
tion to all compounds showing simple rotatory dispersion. 

A different state of affairs prevails, however, in the secondary 
alcohols of Pickard and Kenyon, which have a “growing chain” 
attached directly to the asymmetric carbon atom. The dispersion 
is here always simple, hut the dispersion constant varies in the 
different series, and only assumes a steady value in each series 
when the “growing chain” of carbon atoms has definitely estab¬ 
lished itself as the heaviest radicle attached to the asymmetric 
carbon atom (Lowry, Pickard, and Kenyon, T., 1914, 105, 101). 
The lowest homologues usually show an exceptionally high rotatory 
dispersion, but this is not accompanied by any change in the type 
of the dispersion curve, and is therefore entirely distinct from the 
“ anomalous rotatory dispersion,” of which an exact definition was 
given in a former paper of the present series (T., 1915, 107, 1195). 
It would be a real misfortune if substances which are perfectly 
normal in their rotatory dispersion were to be regarded even as 
“relatively anomalous” whenever they happen to differ slightly 
from their homologues, and it is hoped that this unnecessary and 
misleading description will be abandoned. 

Summary. 

It is shown that the simple dispersion formula 

can be applied to express the rotations produced by a large number 
of compounds of the terpen© series,, including (a) derivatives of 
methyleneeamphor, including camphylcarbinol, (h) menthol and its 
esters, (c) myrienol and its esters, and (<£) hydrocarbons derived 
from citronellaldehyde. Pulegone, and two compounds containing 
the group XPh 3 , show complex rotatory dispersion. 

Guy’s Hospital, , 

Lqnbo’N, S.E. 


IMeQeimdy March 2Qth, 1919.] 
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LEWIS : A N EW SECTOR SPECTROPHOTOMETER. 


XXXII .—A New Sector Spectrophotometer, 

By Samuel Judd Lewis. 


In a paper by the author on “ The ultra-violet absorption spectra 
of blood sera’ 5 ( Proe. Boy. Soc., 1917, [B], 89, 327), it was stated 
that the work described had been done with two sector spectro¬ 
photometers, that these were not adequate to the exacting nature 
of the investigation, although they were the best and most modern 
instruments available, and that a new photometer to the author’s 
design was under construction. That apparatus has now been in 
use for several months, and the purpose of this paper is to describe 
it. A short account of the method of using such instruments is 
given in the reference mentioned above. 

As was the case with the work detailed in the paper cited, the 
present development of the sector spectrophotometer has been 
generously supported by the Beit- Research Fund Committee, the 
trustees of a fund which has been placed at the disposal of the 
British Homeopathic Association by Mr. Otto Beit for purposes of 
scientific research. 

The new instrument was designed by the author in 1915 with 
a view to meeting the requirements of the work on blood serum. 
No instrument can be unnecessarily refined for this, and should it 
be desired to employ the method of ultra-violet absorption spectro- 
graphy for clinical purposes, whether for blood serum or for any 
other substances, an instrument which is at once trustworthy and 
easy to manipulate is essential. Incidentally, an instrument which 
fulfils these conditions should satisfy most of the demands of scien¬ 
tific research and bring the practice of ultra-violet absorption 
spectroscopy within the range of applied chemistry. Unless or 
until the ideals set out are attained, absorption spectroscopy can 
have little more than academic significance; but perfect, easilv 
adjustable spectrophotometers may be expected in course of time 
to occupy a place in the general laboratory not less important than 
that filled by the polarimeter or the refractometer. 

Among the objects alined at in the new design were the 
following: 

( '•) The utmost accuracy and refinement in the resulting spectra 
because for the serum work it is required to discover with certainty 
very small differences of detail in the absorption curve, as explained 

in the paper cited. 


(6) To work quickly as well as accurately, since it is necessary 
o undertake the examination of a serum at very short notice, and 
there is no reasonable opportunity, of revising the observation, as 
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the. serum will usually have changed in character by the time the 
absorption curve is drawn; this presumes quick and perfect adjust¬ 
ment of the instruments. 

(c) To maintain this excellent adjustment throughout an experi¬ 
ment, or to restore it from time to time during the progress of an 
observation, without the necessity of other disturbances. 

(d) Precise quantitative values for the extinction coefficients, 
since the amplitude of the curve has important significance. 

( e ) To attain this high standard, and yet to be able to use the 
one spectrograph alternately with the photometer and for other 
purposes as circumstances may require. 

The photograph exhibits the general appearance of the new 
photometer; it exposes the vanes in the upper sector, the front of 
the sector box having been removed; also only one platform bear¬ 
ing a tube carrier is shown. The arrangement of parts is displayed 
in the diagram. 

Q represents a suitable lamp, light from which falls on the two 
lenses L x , L. 2> which render the light parallel. These pencils of 
light pass through the face a x b x in the reflecting prism P x and 
through the face %,& 2 in the reflecting prism P 2 in the manner 
shown, and are reflected approximately at right angles by the 
inclined faces a x c x in prism P x and a 2 c 2 in the prism P 2 , so that in 
each case the light follows a course parallel to the main axis of 
the prism to a second inclined face b x d x in prism P x and b 2 d 2 in 
prism P 2 , where it is reflected again at right angles. 

The parallel beam reflected from passes through the sector 
Pj, the diaphragm 0 X , and the lens L s to the inclined face e x f x 
in reflecting prism where it is reflected at right angles along 
the main axis of the prism on to the inclined face ff x h x , where it 
is again reflected at right angles and passes out of the prism on 
to the face Id of the rhomb R placed in front of the slit S of the 
spectrograph, or, in the absence of the rhomb, directly on to the 
slit. 

The pencil from b 2 d 2 undergoes similar treatment, and eventu¬ 
ally passes out of the photometer on to the face kj of the rhomb. 

The rhomb may be dispensed with if the pencils of light are 
directed so as to fill the angles of the prisms at g x and g 2 , provided 
that one prism slightly overlaps the other, as shown in the figure, 
so that the prominent edge may define the line of juxtaposition. 
It will be seen that any stray parts of the pencils of light would 
be reflected or escape out of the field. 

The essential part between the two prisms in either path is the 
sector D x , D 2 , capable of cutting off any desired portion of the 
light passing along that path.-.' 
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It should be observed that the prisms and sectors are enclosed 
in dust-proof inetal boxes provided with quartz windows. 

The sector system is placed in a part of the path where the 
light is parallel. It consists of four vanes, Fj, F 2 , F s , l 4 , as 
shown in the side elevations in the figure. Each vane has two 
edges at right angles, and when the four vanes are disposed to one 
another in one plane, so that the four angles meet at a point, the 
system is closed and no light can pass. This arrangement is repre¬ 
sented in the upper path in the figure. The common point of the 
four angles is on the optic axis, to which the plane is at right 
angles. Each vane can be turned by means of suitable mechanism 
about its bisectors, m ly m. lt m s , -»z 4 . When all the vanes are turned 
simultaneously through an angle of 90° about their respective 
bisectors, light can pass in the direction of the optic axis without 
any interruption except that caused by the slight obstruction due 
to the thickness of the material of the vanes, as shown in the 
figure for the lower path.- By turning the vanes through any 
other given angle about their bisectors, a known proportion of the 
light may be allowed to pass. Each of the four vanes is carried 
on a wheel, by means of a spindle which coincides with the bisector 
of the vane and also forms the axle of the wheel. These wheels 
are mounted on the outside of the walls of the box enclosing the 
sector at right angles to one another, and fit into one another by 
bevelled cogs. They move simultaneously, and the fitting is so 
close that back-lash is reduced to an insignificant minimum. The 
amount of rotation of the vanes is measured by a pointer, I, 
mounted on the front wheel and moved against an arc graduated 
in half degrees from 0 to 90. 

A diaphragm or stop, 0 1? 0, 2 , is placed in front of each sector to 
reduce the section of the beam of light to suitable dimensions, 
say 9 mm. in diameter when the observation tubes or cells have a 
lumen of 12 mm.' 

In order to correct the error caused by the obstruction due to 
the thickness of the material of the vanes, their edges are reduced 
to knife edges, and the thickness along the bisector is graduated 
from the minimum at its extremity at the optic axis to what is 
necessary, say 1 mm,, at a distance of 10 mm. The two sides of 
each-vane-are equally made, and. each of the four surfaces is plane 
:or ; coneaye. Hence a section through a vane.at right angles to 
its bisector has the form of a rhombus having two very obtuse and 
two,very acute angles; also.' a section which includes the .bisector 
has. the. form-of ah-..isosceles, triangle. 

It follows that when. the..sector system is open, as shown in the 
lower-path, in'the' figure, the obstruction or shadow: produced by.' 
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each vane has the form of a geometrical sector of known dimensions, 
and therefore the sectional area of the pencil of light passing 
through the sector system is reduced by four times the area of one 
small sector shadow; also, each of the four apertures has the form 
of a geometrical sector. 

Compensation for this reduction in area is made by employing 
for the path in which the light is to be of whole, or 100 per cent, 
intensity, that is, for the path in which the substance under observa¬ 
tion is placed, a diaphragm the aperture of which is appropriately 
larger than that of the diaphragm in the other path. In the 
author’s instrument, the diameter of the larger aperture is 9‘3 mm 
and that of the smaller 9-0 mm. These diaphragms are loose and 
may be used with either sector, according to whether it is desired 
to use the upper or lower sector. 

The only limitation to this arrangement is that the sectors do 
not operate for those angles which are included by the small angle 
covered by the thickness of the vanes. In the author’s instrument 
this is 2’6°, so that the range of operation is from 2'6° to 90°. 

The lenses L s , placed between the. sectors and the second 
set of prisms, focus the light on the slit, the focus being that for 
light of a wave-length of about 3000. 

The edge of the rhomb is placed close to the slit,. so that the 
two pencils of light when they emerge from either side of it into 
the slit may be at the focus of the collimating lens; the line of 
juxtaposition between the two spectra is thus very clearly defined 
without the least overlapping or intervening space, with the result 
that the lines in the two spectra, whether visual or photographic, 
can be compared for their relative intensities at the best advantage. 

The cell containing the substance under observation is placed 
in the parallel beam of light between the sector and the central 
lens; room is provided for tubes up to 100 mm. in length, and 
tubes of this length were used successfully in an investigation 
relating to Lambert’s law. As the pencil of light is 9'3 mm. in 
diameter, it is desirable for long tubes that the lumen of the tube 
should be at least 12 mm. in diameter, so as to- avoid serious reflec¬ 
tion from the inner walls of the tube. When the lumen is small 
and the layer of substance thin, it may be placed in the convergent 
beam immediately in front of the prism as shown at w, and a 
still smaller cell might be interposed between the prism P 3 and the 
face hi of the rhomb, but only with due regard to existing con¬ 
ditions. Inasmuch as the system in the lower path of light is 
identical with, that in the upper, the cell may he .placed in the 
lower with equal advantage, or, as explained later, cells may be 
placed in both beams simultaneously. 
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The new instrument is characterised chiefly by its sectors; these 
are distinguished both in their construction and in the principles 
upon which they operate. In comparison and contrast with other 
sectors, they accommodate the whole beam of light, and not merely 
half, as is the case with some others; this enables exposures to be 
reduced to one-half in order to produce a photograph of the same 
intensity; the exposures being continuous, calibration of the photo¬ 
graphic plate is avoided; the direct function of the new sectors 
is to cut down the intensity of the light, and not to do so indirectly 
by altering the exposure, as is the case with the Hilger instrument; 
the sector is still, which is a great convenience. The whole aper¬ 
ture of the sector system is made up of four sector-shaped apertures 
arranged diagonally about the optic axis, that is, they are dis¬ 
posed, at an angle of 45° to the vertical. This has the advantage 
of utilising all parts of the circular beam of light in proper pro¬ 
portion, whatever the magnitude of the effective aperture at the 
moment. In this it differs from the iris and other forms of stop 
or sector, which reduce the intensity of the light by cutting down 
the light from the periphery of the beam inwards, or by cutting 
it down in some other way which assumes that every part of the 
field is equally illuminated. Under the conditions of ordinary 
practice, this assumption lacks sufficient justification where precise 
photometry is required. 

The size of the sector aperture is measured in terms of the angle 
which it forms at the optic axis. The angle 45° represents an 
aperture of 100 per cent., and the angle formed at the optic axis 
by the shadow cast by one half of a vane in any given position 
is 4>. Hence the sector aperture is proportional to 45° — <£. This 
method of measuring the size of the aperture is exceedingly con¬ 
venient both for simplicity of calculation from the angle 6, which 
is read on the graduated arc, and for the fact that apertures of 
any odd value may be produced at will. This will become evident 
from the following explanation of the manner of calculation. 

When the vane acb in the figure (a) (front elevation) is turned 
through an angle tf, as measured by the graduated arc, so as to 
take up the. position ecf, each half'of the vane ec or cf creates a 
sector-shaped shadow in a beam of light in the direction of the 
arrow; eJd 1 is a projection of ed. It is shown again in the figure (0) 
in side elevation, where dd* is the projection of ed. If the beam 
of light were rectangular in 'section, the shadow would be triangular 
in shape (e ! d'o) and proportional in area to sin 6, since ed, which 
.subtends the angle 6, is equal to eyd l3 which subtends the angle 4> 
at the optic axis, 0, for ed 1 and d f o are equal,, since they form the 
; right angle in' ..the isosceles triangle ed f o ; therefore edj ed ! — 
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e ! d ! jd r o, that is, sin 6 = tan <£, whence 6 being known, <f> may be 
found directly from the tables. 

The beam of light, however, is circular in section; hence the 
area of any sector in the circle is proportional to the angle which 
it contains, that is, to for the shadow and 45° — <p for the sector 
aperture. 

Only one-eighth of the whole circular aperture has been con¬ 
sidered, but it will be seen 011 cancelling common factors that the 
whole aperture at any moment is measured by 45° — <j>, where 45° 
is taken to represent the fully open sector. It is convenient to 
express the apertures as percentages of the whole aperture, that is, 

as The percentage apertures and values for log/// 7 

corresponding with each half-degree on the graduated arc have 
been calculated by Miss Gartha Thompson, to whom the author is 
indebted for valuable assistance throughout the inquiry. Examples 
are given in the following table: 






Sector 

aperture, 

Log i/r, 


Sin 0 



per cent. 


or 



(45—4)) 100 

log.-*®-- 

e. 

tan <p. 

*•' 

45-<f>. 

45 

* 45~(p 

10 

04736482 

9-85108 

35-14892 

78-11 

0-1073 

25 

0-4226183 

22-90981 

22-09019 

49-08 

0*3091 

40 

0-6427876 

32-73241 

12-26759 

27-27 

0-5644 

40-5 

0-6494480 

33-00163 

11-99837 

26-67 

0-5740 

41 

0-6560590 

33-27239 

11-72760 

26-07 

0-5839 

55 

0-8191520 

39-32269 

5-67731 

12-62 

0-8991 

70 

0-9396926 

43-21918 

1-7S082 

3-958 

1-4026 

80 

0-9848078 

44-56143 

0-43857 

0-975 

2-0111 

80-5 

0-9862856 

44-60441 

0-39559 

0*870 

2-0559 

81 

0-9876883 

44-64512 

0*35488 

0-789 

2-1031 

85 

0-9961947 

44-89078 

0-10922 

0*243 

2-6150 

85-5 

0-9969173 

44-91155 

0-08845 

0*197 

2*7065 

88 

0-9993908 

44-98255 

0-01745 

0-0388 

3-4114 


It is evident that the values in the table can be applied to 
graduating the arc on the instrument so that it may read directly 
in terms of log ljl ! , as has been done with other instruments. 
This is convenient where it is intended to use the instrument for 
routine work only, but for versatile research, and especially where 
it is desired occasionally to elaborate a particular part of an 
absorption curve, the freedom conferred by the ordinary scale and 
tables will be appreciated. There is, however, no difficulty in 
providing both scales on the same arc. » 

The effect produced by the size of the shadow east by the vane 
being a function of the sine of the angle through which the vane 
has been turned is significant. From the above figures, it will be 
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seen that the difference in the sector aperture produced by a 
constant difference, of 15° in 0 decreases continuously, thus: 

Per 

cent. 

Between 10° and 25° the aperture decreases by (78-11—49-08) 29-03 

„ 25° 40° „ „ „ „ (49-OS—27-27) 21-81 

„ 55° „ 70° „ „ „ „ (12-62— 3-96) 8-66 

J5 70° „ 85° „ „ „ „ ( 3-96— 0-24) 3-72 


Again, for half-degree intervals in 6: 


Between 20° and 

20-5° 

the aperture decreases by (58-03—57-09) 

0-94 

„ 40° „ 

40-5° 

„ „ „ „ (27-27—26-67) 

0-60 

„ 80° „ 

80-5° 

„ „ „ „ (0-975—0*879) 

0-096 

„ 85° „ 

85-5° 

„ „ „ „ (0-243—0-197) 

0-047 


For any of the apertures of small size, it is evident, therefore, 
that a movement of the pointer on the arc over one or more 
divisions alters the size of the aperture by only a small fraction, so 
that any probable error in construction or manipulation can have 
no detectable effect on the measurement of the size of the aperture. 

The possibility of regulating the size of the small apertures with 
such precision is a valuable advantage, since it is with these that 
much of the more important and delicate work is done. 

In an investigation of uric acid, undertaken to see if it obeyed 
Lambert's law, it was proved that the results for all the small 
apertures down to 0*29 per cent-, (reading 84*5° on the graduated 
arc and giving the value 2 53 for log Ijl f ) harmonised perfectly 
with those found for the larger apertures. The still smaller ones 
were not quite so true, owing to a slight imperfection in the setting 
of the vanes, but this can be avoided in reproducing the instru¬ 
ment. 

The instrument is absolute in all its measurements. That it is 
not only so, but that it is also precise, follows from the examination 
of a standard piece of glass which was supplied by Messrs, Adam 
Hilger with their photometer for calibration purposes. The figures 
obtained are tabulated below. The two sets of values for log///' 
are as follows: (a) those obtained by the new photometer; (6) the 
figures given., by Hilger: ..... . 


Wave-length. 

<»). 

(b). 

2751 

0-281 

0-278 

2636 

0-665 

0-610 

2564 

0-919 

0*888 

2478 

1-318 

1-330 

2435 

1-605 

1-608 

2389 

1-970 

1-940 


Of the two methods, the one with the new photometer has the 
advantage of being direct and of not depending on the assumption 
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that photometry in the ultra-violet is uniform with that in the 
visible region and on the use of accessory apparatus, as in the 
method published by Hilger. In any case, the two series of results 
are sufficiently similar to one another to call for a discussion as to 
which is the more accurate expression of the phenomena. 

Considerable advantage is gained by having two sectors which 
are equal in all respects, as in the new photometer. -As already 
stated, the substance can be placed in the first and second paths 
alternately, so that any slight imperfections in the sectors or in 
any part of the optical train will express themselves in opposite 
senses in the two series of spectra; also the work will be confirmed 
and experimental error corrected at the same time. The mean of 
the two closely concordant results must-be a very near approxim¬ 
ation to the truth. 

Further, opportunity is provided for eliminating the effect of 
the solvent directly. Most of the solvents, alcohol, for example, 
give feeble absorption spectra which spoil the accuracy of the 
extinction coefficients of the dissolved substance under investiga¬ 
tion. It is not altogether satisfactory to correct the absorption 
constants of the solution by subtracting those due to the solvent, 
which have been ascertained separately, and in any case it is 
laborious to do so; for example, it is not safe to assume that a 
standard curve for absolutely pure alcohol applies to commercially 
pure spirit. Indeed, some of the impurities commonly occurring 
in rectified spirit are strongly absorbent of ultra-violet light. It 
is better to place in the one path a tube of the solution, and in 
front of the constant sector a similar tube filled with the same 
solvent, as that used in making the solution. It is a good plan to 
have a tube of the given solvent in each of the two paths when 
adjusting the instrument, and then to replace the solvent in one 
of them by the solution in question. It is perhaps unnecessary 
to do so, but it lends a sense of satisfaction, while it adds little 
or nothing to the experimental work. It is certain that the differ¬ 
ences then observed in the two spectra are due entirely to the 
substance in the dissolved state, and hence its absorption curve 
can be derived directly. There is, however, the possibility of the 
absorption spectrum being modified by the association of the solute 
with the solvent, but that is a matter for other inquiry in each 
particular case and does not affect either the general truth of the 
proposition or the operation of the instrument. 

Staple Ink Buildings, 

High Holborn, W.C. 1. [Received,^March 3rd, 1919,3 
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XXXIII .—The Formation and Stability of spiro - 
Compounds. Part II. Bridged spiro -compounds 
Derived from cyclo Hexane. 

By Christopher Kelk Ingold and Jocelyn Field Thorpe. 


Introduction. 


(A) General, 


In Part I. of this series (Beesley, Ingold, and Thorpe, T., 1915, 
107, 1080) a comparison was drawn between the conditions of 
formation and the stability of the bromo-esters of j8/3-dimethylglu- 
taric acid and cyclohexane-!:1-diacetic acid. These two acids con¬ 
tain respectively the structures I and II, and the object with which 


CH 3>c< G 
0H 3 
* (I.) 


“(H.) 


these comparisons were made may be indicated by reference to 
Figs, (i) and (ii), which are drawn to correspond with structures I 
and II. The question discussed was whether the forcing apart of 
the valencies (a) and (b) of a carbon atom from an inclination of 
2 tan- 1 v ; 2 to one of fir radians, which, according to Baeyer's strain 
theory necessarily accompanies the production of the cyclohexane 
ring, would cause the other two valencies (c) and (d) to approach 
one another. They might, it was suggested, approach one another 
in such a way as to divide the remaining space into three equal 
angles as in Fig. (ii A)* or, alternatively, they might be quite 
unaffected by the straining of (a) and (5) and remain, as Fig. (ii B) 
shows, at the normal angle of 2 tan- 1 */2. 

It was pointed out that if the first of these hypotheses, that 
represented in Fig. (ii A), were correct, and side-chains attached 
to (c) and (d) were in closer proximity when (a) and (5) were 
bound in a cyclohexane ring than is the case in Fig. (i), where (a) 
and (£») are free, then the elimination of groups or elements such 
; as,. for example, hydrogen and bromine as hydrogen bromide, from 
the side-chains of substitution products of cyc/ohexanediacetic acid 
should 'proceed with greater readiness than when corresponding 
derivatives of dimeihylglutarie acid-are employed. Further, the 
ring compounds formed as .a result of the elimination might be 
expected to possess a greater general stability in the former case 
than hi the latter. If, on the-other hand,.the second, alternative, 
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for which Fig. (ii B) is drawn, is the correct one, there should he no 
difference in the two cases. 

Experimental evidence was, as a matter of fact, clearly in favour 
of the first hypothesis. Thus, for example, Zra^s-eycZohexanespzVo- 
cyclo propane-1 :2-dicarboxylic acid, which contains the carbon 




skeleton IV, was found to possess a distinctly greater stability than 
fratts-caronic acid represented by the outline III: 


CH 

CH 



(1) 

(2) 


(III.) 


ob 2 -ch a 

CH2 <CH 2 ‘CH>S<< 
(IV.) 




The present paper extends the comparison to substances of a rather 
more complex type, which contain a cycfobutane ring joined to the 
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cyclopropane ring by two carbon atoms common to both. The struc¬ 
tures of these compounds are indicated by the outlines V and VI: 


CH. 

Cih 


:> c <i 

(V.) 1 ' 1 


-C(3! 


ch 5 - c h 8 9-c« 

CH 2 <CH ! -CH s >bi < 'C—C m 

(4) 

(VI.) 


It is apparent that the presence, of the cycZobutane ring in struc¬ 
tures V and VI will make a considerable difference in the kind of 
effect that one might expect to observe. This can best be under¬ 
stood by representing the strained valencies according to a graphical 
method which depends for its rational basis on the following con¬ 
siderations. 

In Fig. (iii), which is drawn to correspond with formula III, the 



carbon atoms of the cyeZopropane ring are represented as points at 
the corners of an equilateral triangle. Now in the case of such a 
compound as ethane it can scarcely be doubted that the resultant 
of the attracting forces which bind the two carbon atoms together, 
that is to say the valency, is directed along the straight line joining 
the centres of the carbon atoms. With cyclopropane, however, the 
case is different. For here, according to the strain theory, we have 
each one of the carbon atoms of the ring reacting on those of its 
valencies which participate in the ring in such a way as to tend to 
make them emanate from the atom in directions inclined to one 
another at an angle of 2 tan-V27 If the carbon atoms were 
entirely successful in bringing about this result, then, / since two 
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valencies emanating from the same carbon atom at an angle of 
2 tan - l sf 2 have to reach the two remaining comers of the equi¬ 
lateral triangle, it is clear that the only way in which they could 
do so is by describing curved paths. The simplest curve which, in 
these circumstances, a valency could describe would be the arc of a 
circle each of the terminal tangents of which makes an angle of 
tan “by 2 with the median through the corresponding corner of the 
equilateral triangle. This path is drawn in the case of the valency 
(3 ; 1) in Fig. (iii). It represents a state in which the carbon atoms 
would be entirely free from distortion of the kind we are consider¬ 
ing, the whole being borne by the valencies ; that is to say, tlx© physi¬ 
cal stress would reside solely on the inter-atomic medium in which 
the forces of valency are propagated. The valencies will, however, 
on their part, tend to reduce their potential energy by shortening 
their paths, and if they completely succeeded would stretch them¬ 
selves along the straight lines joining the carbon atoms. This 
would throw the whole of the strain back on the latter, since now 
the initial directions in which the__ring-valencies leave a carbon 
atom are inclined, not at 2 tan -1 */2, but at tt/ 3. It is probable, 
therefore, that an equilibrium of stresses will be set up, and that 
the valencies will occupy paths which lie between the straight lines 
and the limiting arcs, the arrangement being of such a kind as to 
cause part of the strain to he taken up by the distorted carbon 
atoms and part by the bent valencies. 

Experimental support can be claimed for this view. For in 
Part I. there were recorded experiments which yielded decided evi¬ 
dence that part at least of this kind of strain is actually taken up 
by the carbon atoms. In particular, it was shown that, when two 
valencies of a carbon atom are bound in a cyclohexane ring, groups 
attached to the other two valencies apparently take up an altered 
relative position. It is obvious that this could never happen if the 
strains existing in the cyclohexane ring resided solely on the valen¬ 
cies participating in the ring, none at all being borne by the carbon 
atom which carries the side-chains. Similarly, strains existing In 
one ring of a spiro-compoimd could not possibly make themselves 
felt in the second ring unless communicated by a spiran© carbon 
atom, which itself is in a state of strain. According to the experi¬ 
ments described in Part I., such communication of strain across the 
spiran© carbon atom appears actually to take place, and on© can 
only conclude therefrom that the spirane atom itself is by no means 
in an unstrained condition. 

If it be true that part at least of the strain of the cyclohexane 
ring is actually taken up by tlie carbon atoms, then regarding the 
■■■matter. from the graphical point of view, we may say that 'the' 
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valencies of the eycZohexaue ring, and presumably of any, other 
alicyclic ring, occupy paths which are distinctly Hatter than the 
limiting arcs the terminal tangents of which meet at the normal 
angle 2 tan -1 V2. 

On the other hand, it will be shown in the present paper that it 
is more difficult to close the cycZobutane ring in the formation of 
certain hridged-spw -o -compounds of the type VI (p. 322) than it is 
in the formation of corresponding bridged-ring compounds of the 
type V (p. 322). Further, the former, when obtained, are less 
stable than the latter in certain specific positions entirely in accord 
with the views here put forward. If the stresses existing in the 
cyclohexane ring can be communicated to the cyeZobutane ring, or 
to side-chains attached to the cyclopropane ring before the cyclo- 
but&ne has been closed, then it follows that the valencies of the 
cyclop ropane ring, as well as the spirane carbon atom, must take 
part in the transmission of stress. With entirely unstrained valen¬ 
cies this is inconceivable, and one is therefore forced to the,, conclu¬ 
sion that the valencies themselves are strained. 

The graphical aspect of this is that the valencies concerned, and 
therefore probably all ring-bound valencies, must occupy paths 
which are not straight lines, which are, in fact, distinctly curved. 
The curvature of such a path will, as we have already seen, be less 
than that of jblie limiting arc the terminal tangents of which meet 
at 2 tan -1 ,</ 2, and the path may therefore be regarded as lying 
somewhere between a straight line on the one hand and a limiting 
curve on the other. 

Exactly where the position of equilibrium of a particular valency 
lies, and what the precise shape of its true path is, it is impossible 
at present to say; but the view that the true equilibrium-path lies 
somewhere between the rectilinear path, which represents the limit¬ 
ing case in which the valency is unstrained, and the curved path 
which stands for the other limit in which the whole of the distortion 
resides on the valency and none .at all on the carbon atom, affords 
a simple, and, so far as it goes, a fairly adequate hypothesis in 
regard to the facts observed. If we accept the point of view that 
the more strained a valency is the more prone it is to break, then 
among the factors which determine the equilibrium of strain-distri¬ 
bution will certainly be found the number of groups attached to the 
carbon atoms concerned; for the tendency which ring compounds 
have to undergo fission between quaternary carbon atoms is well 
known. The electrochemical.character of the substituents will, of 
course, be another determining factor. 

. Thus, it would seem that there are . three causes affecting the 
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stability of any valency which participates hi a fully reduced 
alley die structure: 

(1) The number of carbon atoms in the ring, 

(2) The character and mode of attachment of any attached rings, 
and 

(3) The number, distribution, and character of the substituent 
groups. 

In regard to the first of these causes Baeyer’s simple conception 
has had a very great degree of success in explaining the broad facts ; 
so much so that one cannot but accept it as an approximation to 
the truth. In its elemental form, however, it does not consider 
the question as to whether the atoms or the valencies are the seat 
of ‘the postulated strain, and, consequently, is not in a position to 
take into account the mode of operation of causes (2) and (3), which 
present us with two unsolved problems. The series of which this 
paper is Part II. is an attack on the former of these. In regard 
to the latter all that can at the moment be said is that the present 
considerations lead to the view that whilst causes (1) and (2) deter¬ 
mine the maximal strain or curvature which any particular valency 
can be called on to bear, cause (3) operates in such a way as to 
settle exactly what fraction of that maximum it shall bear. 

The uncertainty which surrounds the operation of cause (3) con¬ 
stitutes a difficulty which one meets with in planning experiments 
with a view to study the mode of action of cause (2). If, however, 
one is careful only to compare substances in which similar, and 
similarly situated, substituent groups are present, the strain on a 
valency may fairly be taken to be measured by the greatest strain 
which that valency could he called on to hear in the limiting equili¬ 
brium. It will actually, of course, be just a fraction of this, but 
if the groups are alike it will be the same fraction for all the 
substances. In such cases, therefore, the strain existing on a 
valency is, from the graphical point of view, measured by the degree 
of curvature of the limiting curved path. 

Fig. (iii), p, 322, is an application of this method to the cyclo¬ 
propane ring structure III (p. 321), and has already been men¬ 
tioned. The limiting curve for the valency (3:1) is drawn. Its 
terminal tangents make angles of tan -1 y ''2 with the corresponding 
medians, and its curvature, taking the side of the triangle as unity, 
is /S-iv'S. 

Applying the same method to the cycZohexane-spirocycZopropane 
structure TV (p. 321) we obtain Fig. (iv) (p, 322), in which, for 
reasons referred to at the beginning of this paper and given in 
detail in Part I., the terminal tangents of the limiting curve of the 
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valency (3:1) are drawn to make, angles with the corresponding 
medians less than the normal value tan -1 \/2 by, say, p radians. 
The curvature of this curve is less than that of the curve in Fig. (iii) 
by about -,1 (7 — 2 6)p, a figure which may he taken as a measure 

of the increase in stability of the bond (3:1) which was proved 
experimentally in Part I. 

The structure Y (p. 322) is interesting as exhibiting a difference 
in exactly the opposite sense.. The fact that two of the valencies of 
the carbon atom (1) are held in a cyclobntane ring will, according to 
the views put forward in Part I., tend to make the initial directions 
in which the other two valencies leave the carbon atom spread out 
in such a way as to form angles with one another and with the cpclo- 
butane-ring-bound valencies greater than would he the case if the 
cydbbutane ring had nob been closed. This will involve an increase 
in the initial divergence of the valencies (1:4) and (1:5). The 
limiting arc between the carbon atoms (5) and (1) is therefore 
drawn (Fig. v, p. 322) to suit, terminal tangents inclined to the 
corresponding medians at angles which are greater than tan~ 1 v / 2 
by, say, q radians. The curvature is therefore greater than 
v’2 -|\/3 by about $(7 — 2 \J 6)#, 

The point of present interest is, of course, to see ho w a bridged- 
ring compound of the type Y compares with a bridged-sp/ro-eom- 
pornid of the type YI (p. 322). It will he observed that in the 
latter case the limiting curve for the valency (5:1) cannot possibly 
be symmetrical. For whilst the carbon atom (5) is, on account of 
the q/c/ohexane ring, tending to reduce the angle which the ter¬ 
minal direction of the curve makes with the median to the value 
tan~ 3 v / 2—p radians, the carbon atom (1), as a result of its being 
involved in the eye?obutane ring, is endeavouring to enhance the 
corresponding angle at that end of the curve to tan- 3 ^2 + q 
radians. The true curve, therefore, will lie between the dotted arcs, 
o f curvatures y' 2 ~ $ s/'Z — pj 6 (7 — 2 y'6) and 

V2-^3 + f /6(7~276), 

approximating to the inner are near the carbon atom (5), and to the 
outer near the carbon atom (1). Such a path, it is clear from 
Fig. (vi) (p. 322), must contain a region of comparatively great 
curvature, and we may therefore expect the bond (5:1) in bridged- 
s /bro-compounds of the type YI (p. 322) to be noticeably, less stable 
than the same bond in corresponding compounds of the bridged-' 
■.ring, series Y. 

The effect just noticed will, of course, be by far the greatest which 
the cyclohexane ring could he expected to have on the attached 
dieyclic system. The reactions on the bonds (1:2) and (1;4) will 
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be next in importance, but of the second order. It is, however, of 
interest briefly to examine them. The fact that the limiting curve 
of the valency (5:1) is, oil the whole, depressed below the arc which 
corresponds with the limiting curve of the same valency in Fig. (v) 
necessitates that the true path of the same valency in Fig. (vi) is, 
even near the carbon atom (1), ratber less divergent from the recti¬ 
linear path than is the case in Fig. (v). This will involve a small 
effect on the valency (1:2) in the direction of an increase in the 
curvature of its limiting curve. The bond (1:2) should therefore 
be slightly more strained and less stable in the series VI than in 
the series V. 

The effect of the strains in the cyclohexane ring on the bridge- 
bond (1:4) is also* of the second order, the depression of the bond 
(5:1) being the determining factor. In this case the fact that the 
bonds (1:5), (1:4), and (1:2) have their curves in different planes 
makes the geometrical construction more complicated. It would 
appear, however, that the effect should be in the direction of a 
decrease of stability, although, of course, a very slight one. 

There remains for consideration the bond (2:3). The effect in 
this case will be still smaller, of the third order in fact, and prob¬ 
ably beyond the limits of detection. It should be in the direction of 
an increase in stability. 

It may be stated here that the results of the experiments 
described in this paper are in the most complete accord with all the 
above conclusions. 

The most striking fact which emerged during the experimental 
study was the marked decrease in the stability of the bond (5 :1), of 
compounds of the type VI, when compared with corresponding sub¬ 
stances of the type V (see sections G, D, and G). The fission of this 
bond was brought about with great ease in certain substances of 
the former type by alkaline reagents which appeared to be without 
effect on the latter. This is in agreement with the first of the main 
conclusions reached as a result of the conception of flexible 
valencies. The agreement is particularly interesting in this case, 
for whereas in the comparison of the cyclopropane derivatives of 
types III and IV (p. 321) carried out in Part I. it was found, in 
agreement with the requirements of theory, that the cyc/ohexane 
ring had a stabilising influence, in the bridged series V and VI the 
hypothesis leads us to anticipate exactly the reverse. 

Definite experimental evidence (section B) was also obtained on 
the effect on the bond (1: 2) of the presence of the cycZohexane ring 
in the spro-compounds. The expected effect is in the nature of 
an increase in strain, that.is, a decrease in stability, and is small in 
magnitude. Actually we were not able to find a reagent which 

o 2 
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would break this bond in a compound of the type VI (p. 322), and 
would not also break the same bond in one of the type V. This 
was, at any rate, in part, due to the fact that it did not appear 
to be possible to break the bond (1:2) in the series VI without 
first breaking the less stable bond (5:1). This, so far as it goes, 
is 'valuable, as it indicates that the effect of the cycZohexane ring 
on the bond (1: 2) is of a smaller order than the effect on the bond 
(5:1). Fortunately, there is, however, a more precise and more 
delicate method of experiment. The cycloh.ex.a,nespirodicyclopen- 
tane structure VI was, in our experiments obtained from cyclo- 
hexane-1:1-diacetic acid by a method which involved first the clos¬ 
ing of the cyclopropane ring, and then of the cycZobutane ring, by 
the establishment of the bond (3:4). Now the additional in¬ 
stability which we have been led to expect the bond (1:2) in the 
spiro-sim cture VI to exhibit is due to the tendency which there 
is, owing to the cyclohexane ring, for the angle between the bonds 
(1 ;4) and (1:5) to increase. It is obvious that this tendency will 
have greater effect if the bond (3:4) has not been established than 
would be the case if it had, for in the former case the tendency will 
not be resisted by the strained bonds of the cyc/obutane ring. The 
result will be to magnify the effect by drawing further apart the 
carbon atoms (3) and (4) to an extent which might quite well be 
sufficiently great to make it appreciably more difficult to close the 
cycZobutane ring in the series VI than in the series V. A set of 
comparative experiments, made in order to discover whether such 
an effect could be detected, revealed its existence very clearly. The 
interest of these experiments lies in the fact that they show that the 
stresses in the eyc/ohexane ring have been communicated to the 
bond (1:2), a phenomenon which would seem necessarily to involve 
the assumption that the bond (5:1), as well as the carbon atoms 
(5) and (I), are in a state of strain. 

With regard to the bond (1:4) in the structures V and VI 
(P* 322) there is available quite a good method of experiment, since 
sodium amalgam readily breaks this bond in certain substances 
belonging to these types without attacking in the slightest degree 
any of the other bonds in the molecules (see section E). The reduc¬ 
tions occupy several hours, and can readily be conducted at con¬ 
stant temperature and under comparable conditions. By making 
comparative experiments along these lines it was discovered that* 
although the reactions proceeded in much the same way in the two 
cases, there was a considerable difference in the reaction velocities, 
the reductions proceeding more rapidly in the bridged-sparo-series 
\ I than in uiie bridged-ring-series V. This is in agreement with the 
-conclusions already reached on theoretical grounds (p. 327), hut it 



STABILITY OF SPIRO-COMPOUNDS . PART II. 


329 


lias also some interest from another point of view. It might be 
thought possible that valencies are so extremely elastic as to be 
capable of stretching as well as of bending. If that be so, the 
valency (1 :4) ought to be less stretched out in the structure VI, in 
which the cyc/ohexane ring is tending to reduce the angle at which 
the bonds (5:1) and (5:4) emerge from the spirane carbon atom 
(5), than in the structure V, which contains no eycfoliexane ring. 
Any such difference in the degree of elongation of the bond (1:4) 
ought to manifest itself as a marked difference of stability, since 
the forces between two carbon atoms must vary as some power, 
probably a high power, of the distance between them. As a matter 
of fact, the difference of stability which the reduction experiments 
reveal is in precisely the opposite sense from that which this view 
requires. This appears to us to show that no appreciable lengthen¬ 
ing occurs, and that probably all carbon-to-carbon valencies have 
the same fixed length. It may also be noticed that the effect 
observed is the opposite to what would be expected if the bonds 
occupied inflexible straight lines. For in this case the tendency 
which the cyclohexane ring has to reduce the angle between the 
bonds (5 :1) and (5:4) (compare Part I.) should operate in such a 
way as to increase the stability of the bond (1:4). These facts, 
therefore, constitute a strong argument in support of the conception 
of flexible valencies. 

There remains to be mentioned finally a set of experiments which 
were undertaken in order to obtain information regarding the bond 
(2:3). This bond, according to the conclusions expressed on p. 327, 
should be practically unaffected by the strains in the cyclohexane 
ring. Actually we were not successful in finding a reagent which 
would attack this bond in a compound of the type VI, even when 
the stability of the bond was reduced by the introduction of an 
alkyl group at the carbon atom (2), without first attacking one 
of the eyc/opropane bonds adjacent to the spirane carbon atom. 
However, the experiments were interesting as confirming our pre¬ 
vious experiences regarding the instability of these bonds, and were 
in harmony with the conclusions already reached in regard to the 
insignificance of the effect which the cyclohexane should have on 
the bond (2 :3). 

In order to avoid confusion in what follows it ought perhaps to 
be pointed out that the bonds (5:1) and (5 : 4) are equivalent in the 
carbon skeletons V and VI (p. 322), and only become dissimilar 
when substituent groups are introduced ^symmetrically. This is 
actually the case with the compounds with which we have experi¬ 
mented, and it so happens that the bond split in all the substances 
which were subjected to fission by alkalis is, according to the method 
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of numbering employed throughout, the bond (5:4), not the bond 
(5:1). This, it is clear, invalidates nothing, and, in fact, the agree¬ 
ment would be formal as well as actual if in the formulae which 
follow we had numbered the dicyc?opentane ring the other way 
round. The objection to doing this is that one would then meet 
with the same lack of formal consistency in regard to the bonds 
(1:2) and (3:4). 


(B) Formation of the Bridged-ring Systems V and VI (p. 322): 
Closing of the cyclo Butane Bond (3:4). 

Some time ago, m a paper published by one of us in conjunction 
with W. H. Perkin (T., 1901, 79 , 729), it was shown that when the 
dibromo-ester of /3/3-dimetliylglutaric acid (VII) was treated with 
ethyl maionate and sodium ethoxide, condensation took place in two 
stages, the ultimate product being an insoluble, yellow sodium deriv¬ 
ative of ethyl dimetkyldicycZopentanonetriearboxylate (IX). It was 

CH 3 \ p ^CHBrC0 2 Et; «"»<>• Cff 3 ^ p /C(C0 2 Et)«CH(C0 2 Efc) 2 
CHj UVs 0HBrCO 4 Et CH s ^^ v 'CH*C0 2 Et 

(VII.) (VIII.) 

sodium X!(C0 2 Et)- C :C(03STa) • OEt 

dhodde CH 3 ^^0/ C o 9 Et)*C& 

M> 

(IX.) 


therefore to be expected that if cycfoliexane-l: 1-diacetic acid were 
used in place of dimethylglutaric acid a similar condensation would 
ensue: 

CHo\ r ^CHBr*CO,Efc ethyl sodio- 
OH^^CHBr-COgEt malonalf 

(X.) 


CH,<5j 


■OH,* 


CH.< 


•CH.-CH, 

-chi-ch; 


3 >C<I 


,C(C0 2 Et)-CH(C0 2 Et) 


sodium 

--»- 

ethoxide 


' i OH*CO s ,Et 
(XL) 

'CH 9 -CH^g^(C0 2 Et)*C:C(0Na)-0Efc 

r - wC(C0 9 Et)-C0( 3 ) 

w 

(XII.) 


OH 2 < ch ;, gh 


The sodium derivatives IX and XII clearly belong respectively 
to the types V and Vl (p. 322), and it was therefore decided to 
make their formation and decompositions subjects of comparison. 

It was found possible to prepare the sodium Sjpiro-compomid 
(XII) direct from ethyl dibromoc^cZohexanediacetate (X) and ethyl 
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sodiomalonate under the same conditions as are employed in pre¬ 
paring the sodium ring compound (IX) from ethyl dibromodi- 
niethylglutarate (VII). Direct comparison of the two condensations 
is, however, complicated by the fact that, whilst ethyl dibromo- 
dimethylglutarate (VII) can readily be obtained in a state of purity 
by distillation, the corresponding cycZohexane derivative (X) decom¬ 
poses when distilled. We were therefore forced to use a crude 
bromination product containing only 76—80 per cent, of the 
dibromo-ester. Nevertheless, the difference between the two cases 
is significant. Two- experiments, one with the bromo-ester of 
dimethylglutaric acid, and the other with the bromo-ester of cyclo - 
hexanediaeetic acid, carried out under comparable conditions 
(except that sufficient excess of the crude cycZohexane ester to allow 
for the impurities was used), gave in the first case a 62 per cent, 
yield of the sodium compound (IX, p. 330), and in the second a 
13 per cent, yield of the sodium spiro-compo-und (XII, p. 330). 

In order to make the comparison more definite, the tetraethyl 
ester XI (p. 330) was prepared in a state of purity. The internal 
condensations of the esters VIII and XI (p, 330) with alco¬ 
holic sodium ethoxide, whereby alcohol is eliminated and the 
bridged structure formed, were- then carried out in a series of 
experiments made under comparable conditions. Several pairs of 
parallel experiments were made, in which the two esters were boiled 
with alcoholic sodium ethoxide under standard conditions for dif¬ 
ferent lengths of time, at the end of which the insoluble sodium 
compounds were collected and weighed. The results are given in 
the experimental part of this paper (p. 359). The figures for the 
yields in the two cases lie upon fairly smooth but widely divergent 
•curves (Fig. vii). These curves clearly show that the velocity of 
formation of the bridged-ring structure is much greater than the 
velocity of formation of the .sp/ro-compound. The times required 
for a 20 per cent, conversion are in the ratio- of approximately 
10 to 1. An examination of the curves shows that, if x is the yield 
(per cent.) and t the time, the quantity — 3/9 %{dx/dfy is almost 
invariable with time and has a definite positive value for each curve, 
being about 0'97 _1 hours for the bridged-ring compound and about 
0 * 33 _1 hour for the bridgecl-spiro-derivative. The velocity constants 
for the formation of the sodium compounds are therefore approxi¬ 
mately in the ratio of 3 to 1. The best yields obtainable in the two 
cases are 77 per cent, and 38 per cent, respectively, but a longer 
time is necessary to produce a 38 per cent, yield of the spiro- com¬ 
pound than is required to obtain a 77 per cent, yield of the ring 
compound. The fact appears to be that the spiro-estev XI (p. 330 ) 
.will' only condense with, itself when present in 'the, sodium 'ethoxide 
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in considerable concentration. For, whereas under the experimental 
conditions which give the best yield (77 per cent.) of the sodio-ester, 
IX, the tetraethyl ester, VIII (p. 330), almost entirely disappears 
from the reaction mixture, when the ester XI is treated SO' as to 
produce a maximal yield of the sodio-s_p/ro-ester (38 per cent.), then. 


Fie. (vii). 

Establishment of the bond 3 : 4. 



although longer time is allowed in this case, the conversion is found 
to be only partial, about 15 per cent, of the tetraethyl ester being 
recoverable. Yet prolonging the time of reaction does not appear 
appreciably to increase the yield of sodium compound or reduce the 
■quantity of tetraethyl ester recovered. ' 

/ These experiments clearly show that it is more difficult to estab- 
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lisli the bond (3 : 4) of the eyefobutane ring to form the .^Vo-com¬ 
pound XII than it is in the formation of the ring compound IX. 
Indeed, the lo*w yield of the former compound was one of the 
greatest practical difficulties of the research. 


(C) Hydrolytic Decompositions of the Bridged-Ding Derivatives IX 
and, XII (p. 330): Stability of the. cyclo Propane Bond (4:5). 


The first evidence of a difference of stability between compounds 
of the bridged-spiro-series VI and those of the bridged-ring series 
V (p. 322) was obtained in the course of some experiments on the 
hydrolysis of the sodium spfro-compound XII (p. 330). 

The effect of hydrolysing agents on the sodium compound IX has 
already been described in the paper with W. H. Perkin ( foe. cit.), 
and the general conclusion reached was that the end-product of the 
action of alcoholic potassium hydroxide was a mixture of the dibasic 
and monobasic acids XIII and XIV, and that the same two acids 


CM*> 2 < 


C(C0 2 H)-CH-C0 2 H 

CH-CO 

(XIII.) 



(XIV.) 


were formed by the action of dilute sulphuric acid. The dibasic 
acid XIII when heated with water in a sealed tube was found to 
yield the monobasic acid XIV. 

On experimenting along these lines with the yellow sodium spiro- 
compound XII (p. 330) it soon became apparent that the spiro- 
compounds were behaving very differently; the hydrolytic products 
were therefore investigated in some detail. 

When the yellow sodium spro-compouud XII was treated with 
cold dilute acid a colourless, solid ester, C 19 H 26 0 7 (XV), was pro- 


c 5 h 10 :c< 


C(CG 2 Et)*OH*C'0 2 Et 

C(CO a Et)-CO 

(XV.) 


duced. This ester could be transformed by cold alcoholic potassium 
hydroxide into the yellow potassium salt, XVI, and thence by acids 
into the colourless acid-ester, XVII. 


C«TL 


.^K^qOKVOEt 


D(CO a Et)*CO 
(XVI.) 


c f H l0 :c<V 


(00 2 H)-CH*C0 2 Et 

(C0 2 Et)*C0 

(XVII.) 


Regarding the question as to which of the three carbethoxyi 
groups has been attacked by the reagent, it is clear that it cannot 
be that attached to the carbon atom (2); for if it were, the forma- 
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tion of a yellow, insoluble potassio-compound so very similar to the 
original sodium compound would be exceedingly improbable. The' 
fact that it is the 1-carbethoxyl group, and not the 4-carbethoxy 1, 
which has been attacked follows from the production by further 
hydrolysis of the acid-esters XVIII and XXI, about the constitu¬ 
tion of which no doubt exists. 

The first product of the action of boiling alcoholic potassium 
hydroxide on either of the compounds XVI or XVII was a colour¬ 
less, very readily soluble potassium salt of the ethyl dihydrogen 
ester XVIII: 


CJEL 


C(C0 2 H)-CH*C0 2 
0 ^C(C0 2 Et)*C0 
(XVIII.) 




The constitution of the acid-ester XVIII follows from the fact 
that it is obviously formed by the hydrolysis of the metal-substi¬ 
tuted carbethoxyl group in the yellow potassium compound of the 
diethyl hydrogen ester. The other possible formula (XIX) of the 
diethyl hydrogen ester would give an ethyl diliydrogen ester of the 
constitution XX. The formula XX was, however, easily shown to 


C(C0 2 Et)-CH-C0 2 Et 

^ H io'^( C 02 H)-CO 

(XIX.) 


c b h 10 :c< 


C(C0 2 Et) • CH • C0 2 H 
C(C0 2 H)-C0 
(XX). 


be incorrect by an experiment on the effect of treating the substance 
with acetyl chloride. With this reagent it readily yielded an anhy¬ 
dride, which, on treatment with water, furnished the original acid- 
ester. These facts clearly favour formula XVIII, in which the free 
carboxyl groups are attached to contiguous carbon atoms, and rules 
out the alternative formula XX. We must also regard XVII as 
the true formula of the diethyl hydrogen ester, since a substance 
of the formula XIX could not possibly yield the ethyl dihydrogen 
ester XVIII. 

The acid-ester XVIII can also be produced from the triethyl 
ester XV (p. 333) by hydrolysis with hydrochloric acid. Indeed, 
lip to this point hydrolysis with alcoholic potassium hydroxide and 
•with hydrochloric acid proceeds along the same lines. The first 
product of the action of boiling hydrochloric acid on the ester XV 
is the diethyl hydrogen ester XVII (p. 333), which, by continued 
action of the same reagent, is converted into the ethyl dihydrogen 
ester XVIII (above). , 

. .The. further action of hydrochloric acid causes the substance to 
decompose; simultaneously in two- ways, losing, in the- one case, a 
; -'carboxyl .group, and, in the other a carbethoxyl group-. The groups 
eliminated will, of course, be those in the positions (2) and (4) con- 
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fciguous to the carbonyl group, and the products must therefore 
possess the constitutions XXI and XXII: 

•CO,H 


These formulae are in complete accord with the properties of the 
substances. The acid-ester XXI, for example, melted without 
decomposition and gave no coloration with ferric chloride, showing 
that the free carboxyl group is not adjacent to the carbonyl group, 
and that the carboxyl group which was attached to the carbon atom 
(2) in the acid-ester XVIII has been removed. The dibasic acid 
XXII, on the other hand, melted with decomposition, gave a crim¬ 
son colour with ferric chloride, and when treated with acetyl 
chloride gave an anhydride from which the original acid could be 
regenerated by treating with. water. These facts clearly establish 
formula XXII. 

The formation side by side of the acids XXI and XXII does not 
constitute quite the* final stage of the hydrolysis by hydrochloric 
acid of the ethyl dihydrogen ester XVIII (p. 334). For the acid- 
ester XXI on prolonged boiling with hydrochloric acid loses its 
4-carbethoxyl group, yielding- the monocarboxylic acid, XXIII: 


(XXI.) 


c 5 h 10 :c< 


.C(C0 2 H)*CH 
-CO 


CH- 
(XXII.) 




CH-CO 

(XXIII.) 


The dibasic acid XXII, on the other hand, was not changed appre¬ 
ciably even on boiling for eiglity-seven hours with hydrochloric acid. 
The final product of the action of this reagent on the acid-ester 
XVXII was therefore a mixture of the dibasic acid and the mono¬ 
basic acid (XXII and XXIII). ' 

Further, the dibasic acid XXII was readily converted into the 
monobasic acid XXIII by heating for a few minutes at 200° with 
water. All the acid-esters (XVII, XVIII, and XXI) of the series 
reacted at this temperature with -water, giving the same monobasic 
acid, usually in very good yield. The neutral triethyl ester XV 
(p. 333), however, required the presence of a trace of an acid, such 
as acetic or hydrochloric acid, in the water. The presence of a small 
quantity of butyric acid even was found to be quite sufficient, so 
that in the cases of the acid-esters the reaction is in all probability 
autocatalytic, the catalyst being the hydrogen ions produced initially 
by the electrolytic dissociation of the acid-esters themselves, and in 
the later stages of the reaction by the dissociation of the mono¬ 
carboxylic acid XXIII or of carbonic acid. In the case of the 

o* 2 
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triethyl ester it is necessary artificially to introduce some hydrogen 
ions in order to start the reaction. 

Alkaline hydrolysis of the acid-ester XVIII (p. 334) proceeded in 
quite a different direction, the product being an acid of the formula 
C 12 H 16 0 6 . This substance is a dibasic acid. It is not an aldehyde, 
and contains no lactone ring. It is therefore a fission product 
formed by the breaking of one of the bonds (1 : 2), (1 :4), (1:5), or 
(4:5) of the dicyclic system: 


\ 

/ 


. /UfCOjjH)—OH—C0 2 H 

c<>r 1 

(5,/X C(C0 2 H)—CO) 


One of the three carboxyl groups originally present in the molecule 
has been lost, and, since the substance gives no colour reaction with 
ferric chloride, it is to be presumed that it is the carboxyl group 
attached to the carbon atom (2) which has disappeared. The ques¬ 
tion* as to which of the four possible bonds has been broken is settled 
very clearly by the properties of the substance. Thus fission of the 
eyciSobutane ring at the bond (1:2) should yield either a derivative 
containing an open-chain acetoacetic acid residue or a hydroxy-com¬ 
pound capable of forming a '/-lactone, according to the way in which 
the elements of water are added to the molecule at the point of 
fission. The substance actually obtained was found to be remark¬ 
ably stable towards boiling alkalis and showed no tendency to pass 
into a lactone. On the other hand, although a trans- acid, it forms 
an anhydride with the greatest ease. For this reason it may be 
safely assumed that the 1- and the 4-carboxyl groups are attached 
to contiguous carbon atoms, and that the bridge-bond (1:4) has 
remained intact. The bond which has been broken is therefore one 
of the cyclopropane bonds (1:5) and (4:5), and since the substance 
is not a '/-hydroxy-acid, it must have one of the two following 
formulae: * ■ * 


co 2 h 

c 5 h I0 :ch-6<^^|">co 

co 2 h 

(XXIV.) 


co 2 h 

c 5 h 10 :ch-c<S. ( ^>ch 2 

co 2 h 

(XXV.) 


Although both these formulae are in harmony with the properties 
of the substance, there can be little doubt that formula XXIV, and 
not formula XXV, is correct for. this''reason:' The monobasic acid 
. XXIII. (p. 335) does not undergo fission with alcoholic'potassium 
hydroxide.' .The..fission therefore seems to be connected with the 
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quaternary carton atom in the position (4). If this be so it is 
reasonable to assume that splitting takes place at a point adjacent 
to this carbon atom. An indirect but interesting confirmation of 
this conclusion will subsequently be referred to (p. 345). 

The substance to which the formula XXIV has been assigned 
separates from water with two molecules of water of crystallisation. 
The anhydrous compound when heated at 250° was found to pass 
into an anhydride which gave with water a new dibasic acid, also 
of the composition C 12 H 16 0 6 . This did not take up water of 
crystallisation and melted with the immediate elimination of water- 
vapour. On boiling with hydrochloric acid, it was quantitatively 
converted into the isomeride previously mentioned. These relation¬ 
ships clearly indicate that geometrical isomerism of the cis-txans- 
t-ype is here being encountered, both the acids C 12 H 16 O f) having the 
structure represented by the formula XXIV, which clearly requires 
the existence o>f this kind of isomerism. 

The relationships between the various substances obtained by the 
hydrolysis of ethyl cycZohexanespfrodieycfopentanonetricarboxylate 
and of its sodium derivative are collected together for convenience 
in table I. 

In order to study more closely the contrast presented by the 
hydrolytic reactions in the dimethyldicyofopentane and the cycln- 
liexaneq?wrodicpefopentane series, a number of direct comparative 
experiments were made in order to determine the relative speeds 
at which the acid-esters of the two types decomposed in the presence 
of alkali. The substances chosen were the ethyl dihydrogen 
ester, XXVI,*' and the analogous substance in the bridged- 

CH h \ p /C(C0 2 H)-CH-C0 2 H 

CH 3 ^ U ^C(C0 2 Et)*CO 

(XXVI.) 

spiro-series, namely, the acid-ester XVIII (p. 334). The bridged- 
ring ester XXVI decomposes under the prolonged action of boiling 
alcoholic potassium hydroxide, yielding the monobasic acid XIV 
(p. 333). The bridged-spiro-ester XVIII, on the other hand, 
undergoes fission with the same reagent, giving the cydohexyl- 
eyclobni&ne acid XXIV (p. 336). 

There is, however, a remarkable difference in the ease with which 
the two reactions proceed. Thus in one pair of parallel experi¬ 
ments made under comparable conditions, the acid-ester XVIII 
of the bridged-sp-iro-series gave an 85 per cent, yield of the fission 

* This substance was not isolated during the earlier research. Its 
properties and mode of formation are therefore given in a note at the end of 
the experimental part of this paper. 



m°OD 



CO ? Et 

(M. p. 206® dec.. FeCl 3 violet.) 








340 


IN GOLD AND THORPE : THE FORMATION AND 


product, whilst, on the contrary, the bridged-ring acid-ester XXVI 
was recovered unchanged to the extent of 93 per cent., only a 
trace of the monocarboxylic acid being isolated. No fission pro¬ 
duct of the dimethyldicycZopentane series was isolated in the course 
of these experiments. 

These experimental comparisons are interesting as showing the 
extraordinary facility with which the bond (4:5) in the bridged- 
apiro -series is broken. They have, however, interest from another 
point of view. Tor if they had not been made it would have 
been possible to advance an explanation of the difference in the 
ease of fission of the bond (4:5) in the two series, based, not on 
the strain effects of the cyclohexane ring, but on steric hindrance 
caused by the attached groups. It has already been noticed that 
it appears to be necessary to have a quaternary carbon atom in 
the position (4) in order to bring about the fission of the bond 
(4:5) by alkalis. One might assert, therefore, that in the bridged- 
spiro-series the C 5 H 10 t group attached to the carbon atom (5) has 
the effect of preventing the elimination of the 4-carbethoxyl group. 
The carbon atoms (4) and (5), therefore, both remain quaternary 
in the presence of the alkaline reagent, and splitting occurs between 
them. One would have to assume, of course, that, although the 
steric effect of the C.-H 10 *. group attached to the carbon atom (5) is 
sufficiently powerful to prevent the attack of the reagent on the 
4-carbethoxyl group, yet, for some reason unknown, it does not 
inhibit the attack of the same reagent on the bond (4:5). In the 
bridged-ring series, on the contrary, the (CH S ) 2 * group attached to 
the carbon atom (5) might not have any appreciable steric effect. 
Splitting, therefore, might not take place in this case owing to the 
fact that when the acid-ester XXVI (p. 337) is treated with 
alcoholic potassium hydroxide, the 4-carbethoxyl group is so quickly 
eliminated that the carbon atom (4) becomes tertiary before the 
reagent has had time to react appreciably on the bond (4:5). 

We were of the opinion at one time that there might be some 
truth in this way of explaining the phenomena, and it was the 
desire to test this hypothesis that furnished our chief motive for 
undertaking the comparative experiments with the acid-esters 
XXVI and 'XVIII. It will be seen, however, that the experi¬ 
ments effectively dispose of this explanation, since they show that 
the 4-carbethoxyl of the acid-ester XXVI is not at all readily 
eliminated under the experimental conditions employed. We 
consider this to be strong evidence that the bond (4: 5) in the 
bridged-spiro-series is actually under considerable strain, much 
more so than in the bridged-ring series, and that the fission reac¬ 
tions are not to be accounted for as secondary phenomena due to 
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sfceric hindrance or other such causes. Several other examples of 
the splitting of the bond (4:5) in the bridged-,?pro-series will sub¬ 
sequently be given (sections D and G-). 


(D) Hydrolytic Decompositions of the Methylation Products of the 
Bridged-ring Derivatives IX and XII (p. 330): Stability of 
the cycloPropane Bond (4:5) and of the cyclo Butane Bond 
(2:3). - 


In the paper on bridged-ring derivatives, to which reference 
has already been made, interesting results were obtained by methyl¬ 
ating the yellow sodium compound IX (p. 330) and subjecting the 
methyl derivative to alkaline hydrolysis. It was found that the 
entrance of the methyl group at the carbon atom (2) in XXVII 
created a point of instability between the carbon atoms (2) and 
(3), and that fission took place with the formation, apparently, of 
the cyclopropane acid XXVIII, which then underwent a second 
fission, giving the dibasic lactonic acid XXIX. 


CH 

CH 


*\ c / 

/ \ 


3 


C(CG 2 Et)-CMe-C0 2 Efc CH 3 , /C(C0 2 H)-CHMe-C0 2 H 

I -•[ —> . 

<J(C0 2 Et)*U0 CH 3 ' \ch-co 9 h. 

(XXVII.) (XXVIII.) 

CH 3 < yC(C0 2 H)*GHMe*C0 2 H 

CH/ X)H 2 *COO 


(XXIX.) 


The sodium spro-compound was quite readily methylated by' 
means of methyl iodide. When the ester thus obtained was 
treated with alcoholic potassium hydroxide, the principal product 
was a dibasic lactonic acid, evidently a double-fission product, 
which, however, did not appear to be constituted analogously to 
the lactonic acid XXIX. 

It would appear that there are two quite probable ways in which 
hydrolytic action might proceed. In the first place, the attack on 
the ester XXX might commence at the bond adjacent to the 


CM, n :o 


^C(C0 2 Et)-CMe’C0 2 Et 




‘C(C0 2 Et)*C0 

(XXX.) 


c k h 


/ /C(C0 2 K)*CHMe*C0 2 H 

°* C \Wco 2 h 

(XXXI.) 


- C,H 1{ 


/C^COjjH) • CBMe • CO g H 

\ch 2 co»o 

(xxxn.) 





342 


INGOLD AND THORPE : THE FORMATION AND 


methylated residue and give as the first product a spirocyclo- 
propane acid XXXI, which is similar to XXVIII, and would 
ultimately yield a lactonic acid XXXII strictly analogous to 
XXIX. 

On the other hand, we know that the cyclopropane bond (4:5) 
is a very vulnerable point in the molecule of the unmethylated 
ester XV (p. 333), and it can scarcely he supposed that the 
entrance of a methyl group at the carbon atom (2) would stabilise 
it to any marked degree. If, in spite of the weakening of the 
bond (2:3) by the methyl group, the bond (4:5) still remains the 
most readily attacked part of the molecule, we should expect from 
the behaviour of the unmethylated ester to obtain a cyclohexyl- 
cycfobutane acid XXXIII, which would then split again, this time 
across the bond beside the methylated residue, giving ultimately 
a dibasic lactonic acid of the formula XXXIV. 


C0 9 Et 

yC —CMe-COjH 

o.H 10 :cs6l 1 

^c—co 

(JOgEfc 

(XXX.) 


C0 9 H 


o 5 h 10 :ch/| 

C(OH)*CO 

6o„h 

(XXXIII.) 

COoH 

/'C—CHMe*COyO 


a,H, *CH 


—CMe-C0 2 H 


ch*co 2 h 

(XXXIV.) 


In seeking evidence to enable us to decide between the formulae 
XXXII and XXXIV, we made a study of the conditions of 
anhydride formation of the substance. It will be noticed that both 
formulae represent substances which, as they have carboxyl groups 
attached to contiguous carbon atoms, ought easily to form 
anhydrides. A substance of the formula XXXII would, however, 
belong to the type of aa'-dimethylsuceinic acid, which yields two 
stereoisomerie anhydrides corresponding with the two stereoisorAeric 
acids (Bone and Perkin, T. r 1896, 69, 266). The frans-acid on 
treatment with acetyl chloride gives a trans-anhydride, which on 
distillation passes into the anhydride of the cis-acid, as shown in 
'Scheme 1. 

. , .... . . Heat ■■ . +H 2 0 

tmns-Aciti fra?zs-anhydi*ide —>- egg-anhydride V cis-acid. 

+HiO , : -H 2 0 

Scheme I. 

Th©:; lactonic ■ acid. XXIX (p. 341), to which XXXII is strictly 
analogous, actually does form two anhydrides related to one 
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another and to their acids in this way. Consequently, a substance 
of the formula XXXII should do the same. 

On the other hand, in formula XXXIV, the bond uniting the 
two carboxyl-bearing carbon atoms forms part of a ring, and hence 
such a substance would be expected to dehydrate in the manner 
customary with earboxylated alicyclic compounds, the fran-s-acid, 
in which the carboxyl groups are on opposite sides of the ring, 
being incapable of forming its own anhydride, but passing on 
dehydration directly into the anhydride of the eis-acid, as indi¬ 
cated in Scheme 2. 

-HnO 4-HoO 

trails -Acid —>- cis -anhydride ms-acid. 

~n 2 o 

Scheme 2. 

Experiment showed that the lactonic acid obtained by the hydro¬ 
lysis of the ester XXX (p. 342) actually dehydrated in accordance 
with Scheme 2. The original product of hydrolysis was the tra-ns- 
acid. It did not eliminate water at the melting point, but was 
readily dehydrated by acetyl chloride. The anhydride formed was 
the same substance whether the product of dehydration was dis¬ 
tilled or not, and on treatment with water yielded the cuVacid. 
This substance melted, with the immediate elimination of water 
vapour, and was instantly dehydrated by acetyl chloride. These 
facts point most distinctly to formula XXXIV (p. 342) as repre¬ 
senting the true structure of the stereoisomeric acids. 

It is obvious, however, that we have by no means exhausted all 
the possible formulae in the above considerations, since either of 
the intermediate compounds XXXI and XXXIII (pp. 341, 342) 
could split and take up water in a variety of ways. Indeed, besides 
XXXI and XXXIII, there are a number of other formulae which 
the single-fission product might have. When, however, all these 
possibilities are examined, it would appear that there are only two 
formulae besides XXXII and XXXIV (pp. 341, 342) which fulfil 
the following conditions relating to the iraws-laetonic acid isolated: 

(а) That it is a dibasic lactonic acid of the composition C 13 H 18 0 G , 
forming in neutral solution a silver salt, C 13 H w; 0 6 Ag 2 , and in 
alkaline solution a barium salt, (C 33 H 17 0 7 ) 2 Ba 3 . 

(б) That its free carboxyl groups are attached to contiguous 
carbon atoms. We regard the behaviour of the substance on 
dehydration as a proof of this. 

(c) That it is a y-lactone. Experiment showed that there was 
an exceedingly strong tendency for the lactone ring to be formed, 
and in spite of many attempts we were unable to prepare the free 
hydroxy-acid. 
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The two formula which, along with. XXXII and XXXIV, fulfil 
the above conditions are XXXV and XXXVI. 

C 3 H 10 :C— <p(C0 2 H)-CHMe-CO s H C 5 TI lo :C-C(C0 2 H)-CH 2 -C0 2 H 

0-C0*CH s 0‘CO’CHMe 

(XXXY.) (XXXVI.) 

Of these, the first, XXXY, possesses an anhydride-forming group 
exactly similar to that of the lactonic acid XXXII (p. 341). A 
substance of the formula XXXV ought, therefore, for reasons given 
when XXXII was considered, to behave like aa'-dimethylsuccinic 
acid and like the acid XXIX (p. 341), and form anhydrides in 
accordance with Scheme 1. 

The formula XXXVI, on the other hand, does not contain two 
asymmetric carbon atoms in its anhydride-forming group, and is 
therefore out of the question. 

It will be seen that, of the four possible formulae, XXXIV 
(p. 342) is the only one which accords with the facts of the case, 
namely, that the dehydration of the substance proceeds according 
to Scheme 2. 

It may be added that the els-lactonic acid is converted by boiling 
hydrochloric acid into the trons-isomeride, thus completing the 
cycle of transformations, which in Scheme 2 is only fragmentary. 

The £rara«-lactonie acid XXXIV (p. 342) was not the only pro¬ 
duct obtained by the alkaline hydrolysis of the methylated ester 
XXX (p. 342). There was always formed side by side with it a 
somewhat smaller quantity of a dibasic acid of the composition 
CjgH-jgOg. Both the dibasic acid and the lactonic acid appeared 
to be end-products of the reaction; that is to say, they were quite 
stable towards the reagent used in their preparation. The dibasic 
acid had properties practically identical with those of the dibasic 
acid C 13 H 16 0 6 (XXIV, p. 336), which was obtained by the alkaline 
hydrolysis of the unmethylated ester XV (p. 333). It has there¬ 
fore, without much doubt, been formed in a manner precisely 
analogous to that in which the acid XXIV was produced, and has 
the structure shown in the formula XXXVII. 

C0 2 H 

c 5 h 10 :oh-c<^^>co 

co 2 h 

(XXXVII.) 

Like the parent substance XXIV, the homologous acid XXXVII 
was isolated in cis- and trans-forms, that originally obtained being 
the trans-form. 
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The formation side by side of the acids XXXIV (p. 342) and 
XXXVII (p. 344) is readily explained if we accept the view put 
forward on p. 342, that the cyclopropane bond (4:5) of the 
methylated ester XXX is the first point in the molecule attacked 
by the alkaline reagent. Eor, if this is so, the substance XXXIII 
which is first formed may undergo disruption beside the methylated 
residue in two ways, corresponding with the two hydrolytic decom¬ 
positions of ethyl acetoacetate. It may either split the cyclo- 
butane ring between the carbon atoms (2) and (3) to give the 
lactonic acid XXXIV, as shown on p. 342, or it may split between 
the methyl-bearing carbon atom and the attached carboxyl group, 
giving the acid XXXVII. 


CH . c ^(C0 2 Et)-CMe- 
10 - U ^C ( CO 2 E t) *CO 
(XXX.) 


CO,Et 


OH •ch / ?^ H) t- 
5 1° C(C0 2 H)(0H)*C0 

(XXXVII.) 


. oh/ C(C 0 2 H)-CMeiCOjjH 

C(C0 2 R)<0H)-C0 

(XXXIII.) 

OH Me 


It is interesting once again to refer to the parent substance of 
which the acid XXXVII is the methyl derivative. It was noticed 
on p. 336 that formulas XXIV and XXV were equally in harmony 
with the properties of the substance, but that for reasons there 
given formula XXIV was to be preferred. We.have just seen that 
the formula which follows from this for the methylated substance 
enables us to explain the simultaneous production of this com¬ 
pound and of the lactonic acid XXXIV in a very straightforward 
manner. The alternative formula XXXVIII for the methylated 

C° 2 H 

c 5 h 10 :ch-c<^ 0 ^)>oi I Me 

co 2 h 

(XXXVIII.) 

dibasic acid, strictly analogous to the formula XXV, has not this 
advantage. Such a substance could not be produced side by side 
with the lactonic acid XXXIV (p. 342), except as a result of the 
simultaneous occurrence of two totally different sets of reactions; 
also the lactonic acid which one might expect to be produced along 
with a compound of the formula XXXVIII would have properties 
different from those which the lactonic acid isolated was found to 
possess. We therefore think that we were right in selecting 
formula XXIV rather than XXV*. 

The results of the experiments on the alkaline hydrolysis of the 
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methylation product of the yellow sodium sp?>p- compound are 
summarised in table II. 

These experiments have an interest, inasmuch as they confirm, 
and even emphasise, the remarkable instability of the bond (4:5) 
in th© b ri d ged-spir o - series. Eor, in spite of the fact that the 
entrance of the methyl group at the carbon atom (2) of the 
methylated ester XXX creates a point of instability between the 
carbon atoms (2) and (3), the reagent commences its attack, not at 
the bond (2:3), but at the bond (4:5). 


(E) Reduction of the M o no card oxylated Bridged-ring Derivatives 
XIV and XXIII (pp. 333 and 335). Stability of the Bridge- 
bond (l‘A), 


When the bridged-ring acid XIV is reduced by sodium amalgam, 
there is formed a cycfopentane acid XXXIX which contains two 
more atoms of hydrogen than the original acid. The reduction 
product is a ketonic acid, and on further reduction yields the corre¬ 
sponding hydroxy-acid XL. The fact that the ketonic acid has 
been formed by the addition of hydrogen at the bridge-bond (1:4) 
is shown {lac. cit.) by the production on oxidising with nitric acid 
of jBjS-dimethylglutaric acid and ms-dimethylsuccinic acid. The 
reduction is therefore to be represented thus: 


GUH 


(XIV.) 


C H s TEj' CO 

(XXXIX.f 


co 2 h 

CH-tpa, ^ 


CO„H 


CH g Ho * CH • OH 


(XL.) 


The remarkable feature of this reaction is that the bond (1:4) is 
actually more susceptible of attack by the reducing agent than is 
the carbonyl group, and that, consequently, the bridged hydroxy- 
acid XLI cannot, be isolated. 


CH 3 x >n ^C(C0 2 H)-CH 2 

Cad "CH-CH-OH 

(XLI.) 


an. 


.C(C0 2 H)*9H, 

°* XJBD-CH'OH 

(XLH) 


A series of experiments, using the monobasic acid XXIII, yielded 
precisely comparable results. In spite of careful search among the 
products of reductions carried out under varying conditions, no 
bridged hydroxy-acid of the formula XLII was isolated. 

, The first product of the action of sodium amalgam on the ketonic 
a cid XXIII (p. 335) was a substance which contained two atoms 
■pfiadded hydrogen. It did not appear to react with acetyl chloride, 
but ’^adily gave a semicarbazone. On subjecting it to further 



CMe-COoEb 



co-oco 
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reduction by sodium amalgam, two more atoms of hydrogen were 
taken up, and there was formed a substance which gave an acetyl 
derivative on treatment with acetyl chloride. The successive reduc¬ 
tions are therefore apparently analogous in the dimethyldicycfo- 
pentane and c?/riohexane.sp?Vodicyriopentane series, and in the 
latter case may be represented thus: 


C'H,, 


co 2 h 

:c <Uo 2 

(XXIII). 


CO,H 


-> c & h 10 :c< 


•CH- 
CH 0 
(XLIII.) 


-CH ? 

CO 


■>c 6 u 10 :c< 


CO,H 

•CII-CH, 


CH,/CH*OH 

(XLIV.) 


The fact that it was really the bond (1:4), and not the bond 
(4:5) or the bond (5:1), which had been broken by the reducing 
agent was clearly proved by the manner in which the reduced sub¬ 
stances behaved with oxidising agents. These experiments are 
dealt with in Section F. 

In our earliest experiments on the reduction of the bridged 
ketonic acid XXIII, we used conditions which were known to give 
a good yield of the reduced acid XXXIX when applied to the 
reduction of the bridged ketonic acid XIV. As a result, we 
obtained a product of indefinite melting point, which proved to be 
a mixture of the ketonic and hydroxy-acids XLIII and XLIV. 
It was therefore apparent that the reduction was proceeding more 
easily in the bridged-spiro-series than in the bridged-ring series. 

In order to establish this point more definitely, a series of com¬ 
parative experiments were instituted. In the first place, the 
bridged ketonic acid XIV (p. 333) was reduced under standard con¬ 
ditions for different lengths of time, and the products were isolated. 
They were, in general, a mixture of three acids, XIV, XXXIX, 
and XL. The proportion of hydroxyl group in this mixture was 
determined by estimating the acetic acid obtained by acetylation 
and subsequent hydrolysis. This method was found to give good 
results when applied to the pure hydroxy-acid XLIV. In this 
way, a certain time of reduction was discovered during which no 
appreciable quantity of hydroxy-acid was produced. The hydrogen 
content was determined by combustion, and it was found that the 
formation of hydroxy-acid began to be appreciable after the addi¬ 
tion of about 1*7 atoms of hydrogen to the molecule. A similar 
set of experiments with the bridged ketonic acid of the spiro-senes 
showed that the production of hydroxy-acid, in this case became 
appreciable only after the addition of about 1*9 atoms of hydrogen 
f» the molecule. The two bridged ketonic adds XIV and XXIII 
. were, then reduced under the same-standard conditions for a certain 
length of time, the. same in both cases, sufficiently short to ensure 
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that in neither case would any measurable amount of hydroxy- 
acid be formed. The products were then isolated and the hydrogen 
contents determined by combustion. Several pairs of experiments 
were mad© with different lengths of time, and the results obtained 


Fig. (viii). 

Fission of the bridge-bond l : 4. 



0 2 4 6 8 10 12 hours 


are given in the experimental part of this paper (p. 375). The 
figures lie fairly well on smooth but widely separated curves 
(Kg. viii), and, graphically interpolated, they show that if we 
take the time required for a 50 per cent, conversion, that is, the 
time during which the amolecule of the bridged acid takes up one 
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atom of hydrogen, as the standard, of comparison, then this time, 
in the case of the Spiro-acid XXIII, is about 0-55 times as long as 
in the case of the ring derivative XIV. That is to say, the periods 
of half-change are in the ratio of approximately 1-8:1. 

As a check on this result, the reduced acids XXXIX and XLIIE 
(pp. 346 and 348) were prepared in a state of purity and further 
reduced under standard conditions for different lengths of time. 
The figures obtained in these experiments (p. 375) lie, with slight 
irregularities, on one and the same curve (Fig. ix). The periods 


Fig. (ix). 

Reduction of the ketone group. 



0 2 4 6 8 hours 


of half-change are therefore as 1:1 as nearly as the experimental 
figures can be interpreted. 

Thus there appears to be a very real difference in the ease of 
reduction of the inonocarboxylic acids of the bridged-ring- and 
bridged-sjrwro-series. It will be noticed that the- difference is in 
the sense anticipated from theoretical considerations (see 
Section A). It also would appear to be of the correct order of 
magnitude. For whilst the first-order effect, that on the bond 
.'■(5:1), 'is manifested by a reaction which proceeds at a considerable 
■ 'speed in one series, but does not. go' at all in the other so far. as 
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can be detected, both the second-order effects, that- is, those on the 
bonds (1:2) and (1:4), exhibit- themselves experimentally as 
moderate differences in reaction-velocities which are finite quanti¬ 
ties in both the series. The third-order effect, that- on the bond 
(2 :3), was not detected experimentally. 


(F) Oxidation of the Fission-Products Derived from the Bridged- 
spir o-compound XII (p. 330). 


All the products of fission of the e.ycl ohexanesjM/’odicy c/opentane 
ring structure so far considered belong to one or other of the three 
following classes : 

(1) Substances in which the bridge-bond (1:4) only lias been 
broken. 

(2) Those in which the, eycZopropane-bond (4:5) only has been 
broken. 

(3) Those in which the cycZopropane-b.ond (4:5) and the cyclo- 
butane-bond (2:3) have both been broken. 

In order, if possible, to obtain some confirmatory evidence regard¬ 
ing the constitutions of these substances, at least one typical example 
from each class was subjected to the action of oxidising agents. 

In class (1) the first substance taken was the eyc/ohexane? piro- 
oycZopentanone acid XLIII (p. 348). By far the most suitable 
reagent in this case is nitric acid. Dilute nitric acid, however, 
appears to have little action on the substance. With hot concen¬ 
trated nitric acid a dibasic acid of the composition C 8 H 12 0 4 was 
obtained. This substance when distilled gave off carbon dioxide 
with the formation of eycZohexanecarboxylic acid (hexahydrobenzoi c 
acid). The dibasic acid is therefore evidently cyc/ohexane-1:1-di- 
carboxylic acid XLY. The same dicarboxylic acid was obtained 


(XLIII.) 


c 5 h ) 0 :c< 


•coj-i 


•C0 2 H 
(XLY.) 


when the hydroxy-acid XLIY (p. 348) was used in place of the 
ketonic acid. 

These experiments are Interesting as leaving little room for doubt 
that the bond broken in the reduction of the bridged-ketcnic acid 
XXIII (p. 335) was actually the bond (1:4). 

The example taken from class (2) was the tram-cydohexyleyclo- 
butane acid XXIV (p. 336). In this case nitric acid appeared to 
be without effect. Warm alkaline permanganate was, however, 
.quickly decolorised. The acid product was a liquid substance,which 
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distilled apparently without a serious amount of decomposition and 
was identified as cycZohexanecarboxylic acid XLVI: 

C0 2 H 

! ^ OH kmdo 4 

c s H 10 :cH-6<-^p>co -> c 5 Hj„:oh-co 2 h 

CJOgH 

(XXIV.) (XLVI.) 

Til© member of the series (3) experimented on was the trans-i 8- 
eyclohexyl-n -butane lactonic acid XXXIV (p. 342). This acid was 
also unacted on by nitric acid, and required an alkaline solution 
of permanganate kept at above 70° to oxidise it at all rapidly. The 
product was, as in the former case, cyc/ohexylcarboxylic acid: 

Me-CH*00,H 

I “ KMn0 4 

c 5 h 10 :ch-c-co 3 h —^ c 5 h 10 :cH‘CO 2 h 

UH(OH)*CO a H 

(Hydroxy-acid of XXXIV.) ' (XLVI.) 

Both these oxidations with permanganate were carried out under 
various conditions, and in both cases the products were carefully 
examined for any traces of polybasic or lactonic acids, in which 
two* side-chains might be attached to the cyclohexane carbon atom. 
No such products were detected, and, in view of the formulae of the 
oxidised substances, none would be expected. On the other hand, 
if, for example, in the production of the cyclohexylajd obutane acid 
XXIV (p. 336) some bond in the dicyc/opentane structure other 
than one of those attached to the spirane carbon atom had been 
ruptured, one would expect to find products with two side-chains 
among the oxidation products. 

The cijd ohexanecarboxylie acid XLVI obtained in the course of 
the above experiments appeared on careful examination to be in all 
cases identical with the product obtained by the reduction of 
benzoic acid. 

The various reactions by which the dicyc/opentane ring in the 
original bridged-* piro-com pound XII (p. 330) has been broken 
down forming ultimately eye/ohexanecarboxylic acid are summar¬ 
ised for convenience in table III. 
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(G) Examination of the By-products obtained in the Preparation 
of the Bridged-sinro-conipoand XII (p. 330): Isolation of 
Products of Fission Derived from this Substance through 
Side Reactions. 


During the preparation of the yellow sodium compound XII 
(p. 330) there was formed a considerable quantity of an oily by-pro¬ 
duct from which a number of acids were obtained by hydrolysis 
with hydrochloric acid. Amongst those isolated were n -butyric 
acid, cyc/ohexane-1:1-diacetie acid, and trans-et/clohex.&nespiro- 
tv/cfopxopane-l: 2-dicarhoxylic acid. The formation of these acids 
is evidently traceable to the presence in the crude ethyl dibromo- 
cyeZahexanediacetate used for the condensation of the corresponding 
monobromo-ester, of the unbrominated ester, and of ethyl bromide 
as impurities. There was also obtained a ci/clohe^Lanespiroct/clo- 
propane acid of the formula XLYII. This substance proved to be 
identical with the acid obtained by the action of acid hydrolysing 


C,H. 


“ :C <c; 


,C(C0 2 H)-CH 2 -C0 2 H 


:h-C0 9 h 
(XLVII.) 


agents on the tetra-ethyl ^wVocycZopropane ester XI (p. 330), which 
clearly establishes the constitution of the compound. 

In addition to the above-mentioned acids there were isolated two 
others to which the formulae XLVIII and XLIX have been 


CM 


COM 

Jy —CHEt 
10 * C< -Ah*CO 
(XLVIII.) . 


Et-CH-CO 

c 5 h 10 :ch-(j-co. 2 h | 

UH(C0 2 H)*0 
(XLIX.) ’ 


assigned. These are clearly the products respectively of acid and 
of alkaline hydrolysis of the ethylated ester L. This ester is doubt- 


c 5 e 10 :o< 


C(C0 2 Et)*CEt* CO,Et 
C(C0 2 Et)*C0 

(L.) 


less produced by the action of ethyl bromide on the yellow sodium 
compound XII, and apparently behaves towards alkaline hydrolys¬ 
ing agents similarly to the corresponding methylation product XXX 
(p. 342). We did not investigate the action of acids on the methyl 
derivative XXX, but the corresponding substance XXYII (p. 341) 
of the dimethyldicyclopentane series was found (loc. cit.) to yield 
with acid hydrolysing agents a monocarboxylic acid, to which 
XLYIII is strictly analogous. 
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The most interesting of these substances is the fission product 
XLIX of the ester L. and it is of interest to examine what possi¬ 
bilities there are of alkaline hydrolysis of the ester L taking place. 
No hydrolysis to a lactone of hydroxy-ester would be likely to occur 
in the anhydrous alcoholic solution in which the oily by-product 
was formed. The oil was, however, separated from the sodium 
compound XII by means of 95 per cent, alcohol, and, since some 
sodium ethoxide would certainly be adhering to the crude sodium 
compound, the alcoholic washings would contain sodium hydroxide, 
which must have brought about the fission of the ethylated ester L. 

The lactonic acid XLIX was found to possess properties practi¬ 
cally identical with those of its prototype, the fission product 
XXXIV (p. 342), of the methylated bridged ester XXX. Like the 
lactonic acid XXXIV, it was isolated in cis- and trans-forms, the 
substance originally obtained being the trans-form. One notable 
point of difference was noticed between these compounds and the 
methylated lactonic acids previously obtained. The ethylated cis- 
laetonic acid differed from the trans- form, and from both forms of 
the lactonic acid XXXIV, in the fact that it was found possible to 
isolate from it the free tribasic hydroxy-acid. This substance was, 
however, very unstable. It slowly gave up water when exposed 
to air at the ordinary temperature, the product being the m-lactonie 
acid. On boiling with hydrochloric acid it was converted into the 
frans-lactonic acid. The other relationships between these ethyl¬ 
ated products may be seen by reference to table IV, in which they 
are shown in relation to the ethylated ester L, the decompositions 
of which form another example of the great ease with which the 
bond (4:5) is ruptured by alkalis. 


Experimental. 

(a) Condensation of Ethyl Dihrornooyc\ohexane-l : 1-diacetate with 
Ethyl Sodiomalonate. 

cycZoHexane-1 :l-diacetic acid was prepared for use in these 
experiments by the method given by Thole and Thorpe (T., 1911, 
99, 422). 

Ethyl DibromocycloJiexane^l : 1-diacetate .—The bromination of 
the acid was effected by the Hell-Volhard-Zeliiisky method as 
described in Part I. of this series. The neutral product contained 
-about 80 per cent, of dibromo-ester. 
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Ethyl cjdoHeaartespivo l-methylcyclopropcme-l : V V : 2 -tetra- 
carboxylate (XI, p. 330). 

Forty-six grams of the crude dibromo-ester were added to a solu¬ 
tion, in 60 grams of alcohol, of 4*6 grams of sodium and 32 grams 
of ethyl malonate. The solution was boiled for three hours, and 
then poured into dilute hydrochloric acid. The oil was extracted 
with ether and the extract washed with a solution of sodium 
carbonate, dried, and distilled. 

The ester was obtained as a colourless liquid which on redistilla¬ 
tion boiled at 250—260°/10 mm. On boiling with hydrochloric 
acid it was hydrolysed with the formation of the tricarboxylic acid 
(XLVII, p. 354), dealt with on p. 379: 

0-1209 gave 0-2708 CO a and 0*0849 H 2 0. C = 61'09- H = 7-80. 

C 21 H S2 0 8 requires C = 61*2 • H = 7*8 per cent. 


(b) Formation of the Bridged-spiro-ester and its Sodium 
Compound. 

The formation of the bridged-spiro-compound by the condensation 
of the above-mentioned tetraethyl ester with itself has already been 
referred to in the Introduction (Section B). The compound was, 
however, usually prepared direct from the dibromo-ester by treat¬ 
ing it with ethyl malonate and excess of sodium ethoxide. Many 
experiments were made in order to determine the best conditions. 


Ethyl Sodiocjclohexanespirodicjc\opeibtan-Z-one~l : 2 :4 -tricarh- 
oxylate (XII, p. 330). 

Nine grams of sodium dissolved in 140 grams of absolute alcohol 
were treated with 30 grams of ethyl malonate. The solution was 
carefully under-cooled to about 35°, and 40 grams of dibromo-ester 
were gradually added, the temperature being kept below 40°. Half 
an hour after the addition was complete the liquid was heated on a 
steam-bath and kept boiling for thirty hours. At the end of that 
time the greater paiA of the alcohol was boiled off, and water added 
to the residue in the flask. The mixture was then shaken;'vigor¬ 
ously .and filtered by the aid of the .pump. In these circumstances 
the whole of the oil precipitated by the water adhered to the solid 
sodium compound. The filtrate, which gave no precipitate on acidi¬ 
fication, was discarded. The purification of the sodium compound 
was effected by washing on the filter with 95 per cent, alcohol, and 
VOL. GXV. * p 
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finally by triturating with the same solvent until the weight of the 
dry solid was not altered on repeating the treatment. The alcoholic 
filtrates contained the oily by-product. (Section, j, p. 377.) 

The sodium compound was obtained as a bright yellow insoluble 
substance which gave a crimson colour with aqueous ferric chloride 
containing a trace of alcohol: 

0-3132 gave 0*0590 Xa 2 S0 4 . Na=6*10. 

C 19 H 25 0 7 Na requires Na = 5*93 per cent. 


Ethyl oye\oEexane&pirod4cyc\opetitan-Z-one-l :2 : A-tricarb- 
oxylate (XV, p. 333). 

When the yellow sodium compound was shaken with cold dilute 
aqueous hydrochloric acid and ether it passed quickly into solution, 
the yellow colour being discharged. The ethereal layer, on drying 
and evaporating the solvent, yielded a mass of crystals melting 
at 46—47°. 

The ester was exceedingly readily soluble in the usual organic 
solvents, and did not appear capable of being easily recrystallised. 
It gave a crimson colour with ferric chloride, and on treating with 
cold aqueous sodium hydroxide yielded the original sodium com¬ 
pound: 

0-1331 gave 0*3036 00 2 and 0*0842 H 2 0. C=62*21; H=7'03. 

C 19 H 26 G 7 requires C = 62*3; H = 7T per cent. 

(e) Comparative Experiments on the Fonnatiaw of the Bridged- 

ring- and Bridged-spiro-compounds (IX and XII, p. 330), 

j8j8-DimethyIglutaric acid was prepared by the method of Thole 
and Thorpe (T., 1911, 99, 422). 

Ethyl Bihromodimetkylglutarate. —The acid was first converted 
into its anhydride (T., 1899, 75, 48), which was then brominated 
(T., 1901, 79, 776). The dibromo-ester was redistilled and 
collected for use in subsequent experiments at 182—185°/24 mm. 

Ethyl 1:3:3 -Trimethylcyclopropan'e- 1:1 / : V : 2-tetramrboxylate. 

This ester was prepared by condensing the dibromo-ester with 
ethyl sodiomalonate in alcoholic solution under the conditions used 
by Perkin and Thorpe (ibid.) and purified by distillation, the frac¬ 
tion boiling at 231—-236°/34 mm. being taken as sufficiently pure 
for the experiments hereunder described. 

Ethyl trimethyl cyd opropanetetracarboxylate and ethyl cyclo- 
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hexanespiromethylcycfopropanetetracarboxylate were tlien employed 
in a series of experiments, wliicli were carried out with the object 
of determining the relative speeds with which the two esters under¬ 
went internal condensation in the presence of sodium ethoxide. The 
method was as follows: One molecular proportion of each ester was 
treated with two atomic proportions of sodium dissolved in fifteen 
molecular proportions of absolute ethyl alcohol. The solutions 
were kept in a thermostat for known lengths of time, after which 
the alcohol was boiled off under diminished pressure, and water 
was added. The precipitates were then collected, washed with 
alcohol, dried, and weighed. 

The following percentage yields of the sodium compounds IX 
and XII (p. 330) were obtained, the temperature being 75°: 


Table V. 


Time 

(hours). 

Bridged-ring- 
compound, IX. 
(Per eent.) 

Bridged-jjpiro- 
compound, XII. 
(Per eent.) 

1*0 

49-8 

10-1 

2-0 

64*7 

17*9 

4-0 

730 

25-5 

7*0 

76*6 

32*4 

10*0 

75*3 

32*9 

14*0 

75*3 

— 

24-0 

— 

37*7 


(d) Hydrolysis of the Bridged-spiio-ester and of its Yellow 
Sodium Compound'. 

The remarkable diversity in the characters of the substances 
which can be obtained by hydrolysing the yellow sodium spiro- 
eompound or the corresponding free ester under different conditions 
has already been alluded to in the Introduction. The following 
is a summary of the principal experimental details. 

Diethyl Potassium PotassioQjcloheaanespiradicyclapenitan-S- 
one- 1:2:4 -tricarbocsylate (XVI, p. 333). 

When the original yellow sodium compound was left in contact 
with cold alcoholic potassium hydroxide for ten hours, it gradually 
dissolved, and a canary-yellow potassium salt separated. 

This compound was found to be insoluble in water, but quite 
appreciably soluble in methyl alcohol. When recrystallised from 
a" large bulk of this solvent, it separated in long, yellow needles, 
which gave a violet colour with ferric chloride: 

0-1354 gave Q-0580’K 2 S0 4 . * K=19*16. 

C 17 H 20 O' 7 K 2 requires K= 18 *8 per cent. 

p 2 
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Diethyl Hydrogen . cyc\oH exmie^gixodi cry dope n tan-3-one- 
X :2 'A-tricarhoxi/late (XVII, p. 333). 

When the potassium salt was treated with cold dilute hydro¬ 
chloric acid, a gummy precipitate was obtained. This could not 
be induced to crystallise, and on distillation underwent extensive 
decomposition. It was therefore extracted with pure ether, and, 
after drying and evaporating the solvent, left for some days in an 
exhausted desiccator: 

0*1249 gave 0'2751 C0 2 and 0*0730 H a O. C = 60-07; H,= 6*50. 

CjyHggOy requires C = 60'4; H--6-5 per cent. 

This acid-ester is also the first product of the action of boiling 
hydrochloric acid on the triethyl ester (XV, p. 333), as is proved 
by the following experiment. The yellow sodium compound was 
boiled with 20 per cent, hydrochloric acid for one hour. The 
liquid was evaporated, and the residue dissolved in the minimal 
quantity of water. The hot aqueous solution was rapidly cooled, 
and the oily precipitate which separated was collected by pouring 
the liquid through a wet filter. The oil on the filter was then 
washed through with alcohol, and caused to crystallise as com¬ 
pletely as possible from 15 per cent, alcohol. The crystals con¬ 
sisted of the ethyl hydrogen ester XXI (p. 335). The ultimate 
oily residue from these crystallisations was dissolved in methyl 
alcohol and treated with a slight excess of cold methyl-alcoholic 
potassium hydroxide. The yellow precipitate which immediately 
separated was collected and recrystallised from methyl alcohol, 
On analysis, it gave K = 19*03, whilst the free acid-ester obtained 
on acidification gave C=60*21, H = 6*60 per cent. 

With ferric chloride, the acid-ester gave a violet coloration. 
Cold methyl-alcoholic potassium hydroxide converted it into the 
potassium compound. It distilled at about 200—260°/23 mm., 
with, however, considerable decomposition. Attempts were made 
to hydrolyse the gummy distillate both by acids and by alkalis, 
but no pure substance was isolated from the products. 

Ethyl Dihydrogen cjcloHescaneapiroddcyclo}je?itan-d-one- 
1:2:4-tricarbo%ylate (XVTII, p. 334). 

Mve grams' of the yellow sodium compound were suspended in 
.20 c.c. of 3A-ethyl-alcoholic potassium hydroxide, and the mixture 
■■was boiled,, until the yellow colour was discharged. The colourless 
precipitate, which was very hygroscopic, was collected as rapidly 
as possible and drained on porous porcelain in a desiccator. It 



STABILITY OF SPIRO-COMPOITNDS. PAST II. 


361 


was then dissolved in a small quantity of water and decomposed 
with hydrochloric acid. The acid which separated out was re¬ 
crystallised from water. The potassium salt XVI may be used 
in place of the sodium compound in this preparation. 

The same acid-ester may also be obtained by acid hydrolysis of 
the triethyl ester (XV, p. 333) or of its sodium compound. Thus, 
when the sodium compound was boiled for one hour with 20 per 
cent, hydrochloric acid, and the acid-esters XVII and XXI 
separated by precipitating them together as an oil in the manner 
described on p. 360, it was found that in the filtrate from the oil 
there were present two crystalline substances. These were isolated 
by treating the solution, after concentration, with sufficient con¬ 
centrated hydrochloric acid to clear the turbidity. The crystals 
which were then deposited from solution were separated by fraction¬ 
ally crystallising from water into the acid-ester XVIII and the 
dibasic acid XXII, the latter being the more readily soluble. 

The acid-ester formed long, colourless needles, which melted and 
decomposed at 206°. It gave a bluish-violet colour with ferric 
chloride: 

0*1298 gave 0*2745 C0 2 and 0*0683 H 3 0. 0=57*68; H = 5*84. 

C 15 H 18 0 7 requires 0=58*1; H=5*8 per cent. 

The ankydro-ester, 

CO—o—CO 

Q - 

C5Hl0 ‘ C <C(CO 2 Efc)*CO 

was prepared by treating the acid-ester at 100° for one hour with 
acetyl chloride in a closed flask. The residue obtained on 
evaporation was crystallised from ether. The crystalline anhydride 
melted at 126°, and was converted into the original acid-ester on 
boiling with water ; 

0*0751 gave (P1705 CO s and 0*0385 H 2 0. 0=61*92; H = 5*70. 

C 1& H 16 O c requires 0—61*6; H ==5*5 per cent. 


Ethyl Hydrogen 5-cyelonexane8pirQdicyolopentatir3-one-l: 4- 
dicarboxylate (XXI, p. 335). 

The formation of this substance has already been alluded to on 
p. 360. It is best prepared by boiling the triethyl ester (XV, 
p. 333) with 20 per cent, hydrochloric acid for five hours,, of by 
boiling .the. acid-ester ''(XVIII,:- p. 334) with the same reagent for 
two;: -hours.. , In' either, 'case,- the --product obtained on .-evaporation, 
was found to be a mixture of three acids. It was crystallised from 
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til© minimal quantity of boiling 50 per cent, ethyl alcohol. The 
crystals which separated consisted principally of the monobasic 
acid (XXIII, p. 335), and were collected, the filtrate being then 
evaporated until most of the alcohol had been removed. It was 
then cooled as rapidly as possible, and the oil which separated was 
collected on a wet filter. The filtrate, on concentrating and mixing 
with concentrated hydrochloric acid, deposited the dibasic acid 
(XXII, p. 335). The oil on the filter was dissolved in alcohol and 
recrystallised several times from a mixture of alcohol and water. 

The acid-ester obtained in this way melted at 104—106°, and 
gave no colour with ferric chloride. It did not decompose appreci¬ 
ably when heated to 250°: 

0'0887 gave 0*2061 CO., and 0*0548 H 2 0. 0 = 63*37; H = 6'88. 

C 14 H is 0 5 requires 0=63*2; H = 6*8 per cent. 

0*1200 required 18*62 c.c. of Ba(OH) 3 solution (0* 0343V) for 
neutralisation. C 14 H 18 0 5 (monobasic) requires 18‘6 c.c. 

h-ejclollexanesj>iTodicj6lopentan-Z-o?ie- 1: 2-dicarboxylic A cid 
(XXII, p. 335). 

The formation of this substance as a by-product in the pre¬ 
paration of the various acid-esters of the series has already been 
noticed. It was found to be produced in good yield by boiling 
either the yellow sodium compound or the acid-ester (XVIII, 
p. 334) with 10 parts by weight of 20 per cent, aqueous hydro¬ 
chloric acid for twelve hours. As the boiling proceeded, oily pro¬ 
ducts separated out, and subsequently passed again into solution. 
Then crystals appeared in the boiling liquid- At the end of the 
period, the mixture was cooled and allowed to remain at the 
ordinary temperature for twenty-four hours, after which practically 
the whole of the organic material had crystallised out. The 
■■crystalline' mixture consisted of about three parts of the dibasic 
acid XXII to one part of the monobasic acid XXIII (p. 335). It 
was boiled with four times its weight of water, and the suspension 
cautiously cooled and quickly filtered. By this means, the mono¬ 
basic acid was separated almost quantitatively from a solution 
which, in the cold, was supersaturated with respect to the dibasic 
acid. The agitation caused by filtering usually caused the filtrate 
■to set to a stiff paste of crystals of the dibasic acid. These were 
recrystallised from water, ' 

■:'■■: The acid' separated; from water in rosettes of long, silky, needle-, 
■ '..'shaped, crystals, . which melted and decomposed at 234°. It gave, a 
deep crimson colour with ferric chloride, but did not appear to 
be acted on when boiled with hydrochloric acid for several days: 
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0-1087 gave 0*2407 C0 2 and 0*0584 H,G. C = 60-39; H = 5-97. 

C b H 14 0 5 requires 0=60*5; H=5 - 9 per cent. 

O'0715 required 24’65 c.o. Ba(OH) 2 solution (0-0243A) for 
neutralisation. C 12 H 14 0 5 (dibasic) requires 24'7 c.c. 

co-o-oo 

I 

The anhydride , l 3 was produced when the 

tJH—00 

free acid was treated with acetyl chloride at 100° in a closed flask. 
The solid residue obtained on evaporation was triturated with 
aqueous sodium hydrogen carbonate and recrystallised from ether. 
It melted at 154°, and on treating with aqueous sodium hydroxide 
gave the sodium salt of the original dibasic acid: 

D'1050 gave 0*2515 CO a and 0*0518 H 2 0. 0= 65*32; H = 5'48. 
C 12 H 12 0 4 requires C = 65*5; H = 5*5 per cent. 


5-cy cloiT eccanespiiodicYclopentan-S-one-l -carb oxylie A cid 
(XXIII, p. 335). 

A mixture of about one part of this acid to three parts of the 
dibasic acid (XXXI, p. 335) was formed when either the triethyl 
ester, XY, or its sodium compound, or the diethyl hydrogen ester, 
XVII, or its potassium compound, or the ethyl dihydrogen ester, 
XVIII, was boiled for twelve hours with 20 per cent, hydrochloric 
acid. The ethyl hydrogen ester XXI was found to be converted 
quantitatively into the monobasic acid by boiling hydrochloric acid. 
The dibasic acid XXII, on the other hand, did not appear to be 
affected by this reagent. 

The dibasic acid, when heated above its melting point, however, 
evolved carbon dioxide, and from the dark-coloured residue a 
small amount of monobasic acid could be isolated. A good yield 
was obtained when the dibasic acid was heated with water at 200° 
for about ten minutes. The acid-esters XVII and XVIII also 
gave excellent yields of the monobasic acid when treated in this 
way. The triethyl ester XV, however, required the presence of a 
trace of acid in the water. A small quantity of hydrochloric 
acid or acetic acid, or even of butyric acid, was found to be 
- sufficient. ■■ 

The. most convenient way of preparing' the monobasic acid is by 
heating the yellow sodium compound with a slight excess of dilute 
hydrochloric acid at 200°. When preparing considerable quahti- 
'■ ties, however, it was found desirable to drive off as much carbon 
■■.dioxide.'.and- alcohol as possible before closing the : vessel. : The 
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sodium compound, in portions of about 10 grams; was boiled with 
ten times its weight of 20 per cent, hydrochloric acid for twelve 
hours in a strong flask provided with a short reflux air-condenser. 
Enough aqueous sodium hydroxide was then added to reduce the 
concentration of free mineral acid to 2 or 3 per cent., and the 
solution was again boiled to expel the air. The flask was then 
securely corked and immersed in an oil-bath at 200° for ten 
minutes. After cooling to the ordinaiy temperature, the crystals 
were collected and recrystallised from 96 per cent, alcohol, using 
a. little animal charcoal'to remove the dark impurities. The yield 
was 85 per cent. 

The monobasic acid was sparingly soluble in hot or cold water ^ 
and in most cold organic solvents, but it crystallised well from hot 
ethyl alcohol in long needles. It melted at 236° without decom¬ 
position, and gave no colour with ferric chloride. It was found 
to be unacted on by boiling aqueous or alcoholic potassium hydr¬ 
oxide, and by prolonged boiling with hydrochloric acid. Colh- 
alkaline permanganate was, however, instantly decolorised; 

0T337 gave 0*3310 C0 2 and 0*0860 H 2 G. C= 67*52; H = 7*14. 
requires C = 68*0; H —7*2 per cent. 

The C S H .o :C <^h~cS-NH-CO-NH 2 ’ Wa8 

prepared by boiling the acid with an aqueous solution of 
semicarbazide acetate for a few seconds. On cooling the solution, 
the semicarbazone separated out, .and was recrystallised from 
alcohol. It melted and decomposed at 259° : 

0*1071 gave 0*2240 C0 2 and 0*0661 II 2 0. C=57-04; H = 6*85. 

C^HirQgNg requires 0=57*4; H = 6*8 per cent. 

tt^ns~Z-Hi/droxi/-4:-cjo\<yhexi/lcyo[obutan-%-o / rie-Z: i-dicarboxylic 
Acid (XXIV, p. 336). 

Five grams of the yellow sodium compound were boiled with. 

30 c.c. of 4A-alcoholic potassium hydroxide, the boiling being con¬ 
tinued for one hour after the suspended matter had become colour¬ 
less; or, alternatively, 5 grams of the acid-ester (XVIII, p. 334) 
were boiled with 30 c.c. of the same reagent for one hour; In 
either case, the product was isolated by evaporating the alcohol 
and adding water and hydrochloric acid. The acid solution was 
extracted ten times with its own volume of ether, and the extract 
dried over calcium chloride for at least three days. This was found 
to be necessary, since the acid was present in the ether in its 
hydrated form, which apparently gave up water to. the calcium 
chloride very slowly, and incomplete dehydration interfered with 
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the subsequent" purification. When quite dry, the ether was 
evaporated and the viscid residue triturated with chloroform. 
The crystals which were caused to separate by this treatment were 
drained on porous porcelain and washed with fresh ether. 

The acid prepared in this way was fairly pure and melted and 
decomposed at 203°. It was very readily soluble in water and in 
all the usual organic solvents, except chloroform and light 
petroleum. In these solvents it was only sparingly soluble, but it 
did not appear to crystallise well from mixtures of solvents. It 
gave no colour with ferric chloride, and did not appear to be acted 
on by boiling acetyl chloride (compare Part I). The acid was 
purified for analysis through the hydrate (see below): 

0-1331 gave 0-2734 COo and 0*0748 H 2 Q. 0*56*02; H = 6*24. 

C ]2 H 10 O c requires C=56*2; H = 6-2 per cent. 

0-0352 required 11*25 c.c. Ba(OH) a solution (0*02432V) for 
neutralisation. C 12 H 16 O 0 (dibasic) requires 11'3 c.c. 

The hydrated form, C ia H 16 0 c ,2H 2 0, separated in large, dense 
prisms when the anhydrous acid was dissolved in hot water and 
the solution cooled. The hydrated acid readily dissolved in dry 
ether, and was much more readily soluble in chloroform than the 
anhydrous substance. At 100°, it evolved water vapour, leaving 
the anhydrous acid in a very pure form, melting at 206° to a colour¬ 
less liquid, which evolved steam, and, after cooling, set to a solid 
mass, which melted at about 135°: 

0*1648 lost 0*0201 at 100°. H s O = 12*20. 

C 12 H 16 0 ( „2H 2 0 requires H 2 0==12*3 per cent. 

The silver salt was precipitated by silver nitrate from a neutral 
solution of the ammonium salt: 

0*1435 gave 0-0656 Ag. Ag = 45*71. 

0-1729 „ 0-1929 C0 3 and 0*0473 ILQ. C-30*43; 11 = 3-03. 

Ci 2 Hj 4 0 6 Ag 2 .requires 0 = 30*6; H=3*0; Ag»45*9. per cent. 

The barium salt was precipitated from a solution of the acid 
in water by adding an excess of barium hydroxide: 

0*1007 gave 0*0595 BaS0 4 . Ba = 34*74. 

■ C 12 H M 0 6 Ba requires Ba = 35*l per cent. 

ci»-Z-H- 0 lrax'y-A~cyc]ohea:ylC'je\obutan- 2 ~one-Z : 4 -dicarhoxylic 
Acid (XXIV, p. 336). 

This acid was prepared by dissolving its anhydride (see below) 
in a slight excess of 4JV'-aqueous sodium hydroxide and then add¬ 
ing a slight excess of concentrated hydrochloric . acid.'. The pre-: 
cipitated acid was collected and dried. It was. .then dissolved in ' 

F * 



366 


IN'GOXjD AND THORPE : THE FORMATION AND 


dry ©tlier containing a trace of alcohol, and caused to crystallise 
from, this solution, by adding benzene. The crystals were finally 
purified, by triturating with pure dry ether and again recrystal¬ 
lising from a mixture of ether and benzene containing alcohol 

The pure m-acid melted at 145°, and rapidly evolved water 
vapour. It readily dissolved in water or alcohol, but was almost 
insoluble in pure dry ether. Unlike the tram-form, it did not 
appear to take up water of crystallisation; 

0-0929 gave 0-1912 CO, and 0*0548 H 2 0. 0 = 5613; 35 = 6*55. 

C 32 H 10 O 0 requires 0 = 56*3; II = 6*3 per cent. 

0*0446 required 14*40 c.c. Ba(OH) 2 solution (0*0243^) for 
neutralisation. C 12 H ic O c (dibasic) requires 14*3 c.c. 


The Anhydride of the cis -Acid, 


' nff' 
00 * 0*00 


The traws-acid, on heating above its melting point, gave off 
water vapour. The transformation was, however, by no* means 
complete unless the fused material was raised to 240—250° and 
maintained at this temperature until it began to darken in colour. 
The product solidified on cooling, and, after triturating with 
aqueous sodium hydrogen carbonate and drying, was recrystallised 
from dry ether. It separated in large, oblique prisms which 
melted at 155°. The substanoe was also recrystallised from 
benzene. 

The same anhydride was obtained by heating the m*-acid above 
its melting point: 

0-1335 gave 0*2959 OCX, and 0*0709 H a O. 0 = 60*45; H = 5*90. 

Cj. 2 H 14 O rj requires C=60-5; H = 5*9 per cent. 


The cis-.4 nilic Acid > 


C a H 10 :CH-C<c(OH)> C O 

I io,H 

cg-nh-o 6 h 6 . 


This substance was at once precipitated when the cis-anliydride 
was dissolved in benzene and treated with a solution of aniline in 
the same solvent. It was purified by first triturating with ether 
and then recrystallising from dilute alcohol. It separated in 
minute crystals, which melted and decomposed at 202° : 

0*1145 gave 0*2721 C0 2 and. 0*0666 H 2 0. 0 = 64-81; H = 6*46. 
c i 3 E 2 i 0 5 N requires 0 = 65*3; H = 6*3 per cent. 
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^5 H i 0 : OH *9<c (O H)> c o # 

The cis -Anil, CO j 

C 6 H 5 'N—(JO 

The cis-anil was readily obtained by beating the anilic acid at 
210° until the evolution of steam bad ceased. The product was 
triturated with sodium hydrogen carbonate and then recrystallised 
from absolute alcohol. It separated in long, silky needles which 
melted at 199°: 

0-1098 gave 0-2778 C0 2 and 0-0592 H 3 0. 0 = 69-00; H = 5’99. 

C ]8 H 19 0 4 N requires 0 = 69*0; H = 6"l per cent. 


(e) Comparative Experiments with the Acid-Esters (XXVI, p. 337, 
and XVIII, p. 334) of the Dimethi/ldicjclopentane and 
cyclo/Iexane^yirodicyclopentane Series.* 

One molecular proportion of each acid-ester was boiled for fifteen 
minutes with 6 molecular proportions of potassium hydroxide in 
3; GiV-solution in ethyl alcohol. The bulk of the alcohol was evapor¬ 
ated under diminished pressure and water and excess of hydro- 
chloric acid were added to the residue. The acid products were then 
extracted quantitatively with ether. The percentage yields were as 
follows: 


Table VI. 


Bridged-ring-acid-ester XXVI. 


Acid- 

ester 

recovered. 

85 

81 


Monocarb- 

oxylic 

acid 

formed. 

1-5 

4 


Fission 

product 

formed. 

0 

0 


Bridged-sjnVo -aeid-oster XVIII. 


Acid- 

ester 

recovered. 

0 

5 


Products of 
loss of 4- 
carbetboxyl 
group. 

0 

0 


Fission 

products 

formed. 

85 

78 


In all cases a small quantity of gummy material was formed, and 
for this reason the whole of the original material was never 
accounted for as crystalline products. The small quantity of mono- 
carboxylic acid XIV was readily isolated by reason of its sparing 
solubility in cold water. The recovered acid-ester XVIII was also 
quite easily separated from the fission product by means of dry 
chloroform in which the latter, if quite anhydrous, is almost 
insoluble. 

* See note, p. 337. 


P* 2 
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(f) Preparation and Hydrolysis of the Methylation Product of the 
Yellow Sodium spiro -Compound (XII, p. 330). 

Tli© yellow sodium compound does not react) at all readily with 
methyl iodide under the usual conditions even at 100° in a closed 
flask. If, however, four or five times the theoretical quantity of 
methyl iodide is used, methylation proceeds rapidly. 


Ethyl eycloHemne&piro-2-methyldioyclopentan-%-one-l : 2 : 4 -tri- 
carboxylate (XXX, p. 342). 

Twenty grams of the yellow sodium compound were heated with 
a solution of 20 grams of methyl iodide in 100 grams of absolute 1 ! 
alcohol at 100° for one and a-half hours in a closed flask, which, 
from time to time, was vigorously shaken. The excess of the methyl 
iodide and most of the alcohol were then distilled off and the residue 
poured into 400 c.c. of water. The precipitated oil was extracted 
with ether, the extract being washed with water and sodium car¬ 
bonate solution, dried, and evaporated. The oily residue was found 
to decompose on attempting to distil it under diminished pressure. 
It was therefore allowed to remain in an exhausted desiccator for 
several days and then analysed: 

01109 gave 0'2556 C0 2 and 0-0729 H 2 0. C = 62*86; H = 7'30. 

CWBUA requires C=63*2; H = 7*4 per cent. 

The figures quoted are those for one of three closely agreeing 
analyses. They indicate that a partial conversion into the methyl 
diethyl ester has taken place: 

C tg H 2B 0 7 requires 0=62-2; H = 7*0 per cent. 

This is -perhaps • a ’ natural result of the use of a large excess of 
methyl iodide in the preparation. 

trm\S"Laetonic Acid of y-Hydrowy-fi-cyelohexyl-fomethyltfi- 
carbaUylic Acid (XXXIV, p. 342). 

Twenty-five grams of the methylated ester were boiled under a 
reflux condenser with 170 c.c. of 4il r -alcoholic potassium hydroxide 
for two and a-half hours. The mixture was then cooled and the 
precipitated salts were collected and drained on porous porcelain 
in a desiccator. They were then dissolved in water and the solution 
was acidified and repeatedly extracted with ether. The residue left 
after drying and evaporating the extract was caused to deposit 
crystals by triturating with Benzene, the process being repeated 
until an ultimate gummy residue was obtained, from which no 
crystals would separate. 



STABILITY OF SPIRO-COMPOUNDS. PART II. 


369 


The crystals were placed in a test-tube with just sufficient benzene 
to cover them. The benzene was then boiled for a few minutes and 
the suspension filtered while hot. The filtrate on cooling deposited 
crystals of the lactonic acid. 

The ultimate gummy residue was esterifxed with alcohol and sul¬ 
phuric acid in the usual way, and, after adding water, the esters 
were extracted with ether. From the extract the acid products 
were shaken out with aqueous sodium hydroxide, and again ex¬ 
tracted from the aqueous solution after acidification. The residue 
obtained on evaporating the ether was hydrolysed by boiling hydro¬ 
chloric acid. After twelve hours the liquid was rendered alkaline 
and extracted with ether, then ro-acidified, and again extracted 
with ether. On drying and evaporating the latter extract a residue 
was obtained which, when treated with benzene, yielded a further 
quantity of the crystalline lactonic acid. 

The substance, after recrystallisation from benzene, melted at 
172° without decomposition, and did not appear to decompose appre¬ 
ciably at 260°. It dissolved very readily in water or alcohol, and 
fairly readily in benzene or chloroform: 

0-1310 gave 0-2774 C0 2 and 0-0800 H 2 0. 0 = 57*75; H = 6*78. 

C 13 H is O« requires. C=57'8; H=6‘7 per cent. 

The diver salt was at once precipitated when silver nitrate was 
added to a boiled solution of the lactonic acid in ammonia: 

0*1118 gave 0*0449 Ag. Ag = 44*63. 

C 13 H lc O e Ag 2 requires A g = 44*6 per cent. 

• ix^xi&-YHydmx^p^c\QJbi^yUc^metikyUncarbiMyUo Acid . 

The hydroxy-acid appeared to be stable only in..the form of its 
salts, and in spite of several attempts it was not found possible to 
obtain it free. However, when the trans-la ,etohic acid was dissolved 
in water and slowly titrated with barium hydroxide an end-point 
corresponding with the neutralisation of three carboxyl groups was 
obtained: 

0*0434 of the tfra/is-lactonic acid required 19*90 c.c. Ba(OH) 2 solu¬ 
tion (O’0243A) for complete neutralisation. C 13 H 18 O 0 changing in 
solution to C ]3 H 20 O 7 (tribasic) requires 19*85 c.c. 

The btirimn salt was prepared by treating a solution of the tram- 
lactonic acid in water with an excess of aqueous barium hydroxide: 

O’1671 gave 0*1202 BaS0 4 , Ba = 42*34. 

(C 13 H 17 0 7 ) 2 Ba 3 requires Ba~42’0 per cent. 
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cis -Lactonic A aid of y-Hydro^-p-cycloheieyl’a-methyltricarballyUc 
Acid (XXXIV, p. 342). 

This substance was readily obtained by dissolving its anhydride 
(see below) in boiling sodium hydroxide solution, and acidifying 
with hydrochloric acid. Microscopic crystals separated and were 
recrystallised from water. 

The as-lactouic acid melted at 152° with the immediate elimina¬ 
tion of water vapour. It was more readily soluble iu water than 
the tfrans-acid: 

0-1182 gave 0-2489 GO. and 0-0724 II 2 0. C-57*43 ; H = 6*81. 

C,;jH ls O 0 requires C-~-57*8; H 5=6*7 per cent. 

The silver salt was prepared by adding a solution of. silver nitrate 
to a boiled solution of the m-lactonic acid in ammonia: 

0-1029 gave G‘0457 Ag, Ag = 44*41. 

C 33 H 1B O 0 Ag 2 requires Ag=44'6 per cent. 

On boiling with concentrated hydrochloric acid the cw-laetonic 
acid was partly converted into the franx-isomeride. 


Gifcy-IIydfMcy-fiksycloh'eaiyl-a-methgUricarbaUylic Acid. 

Like the fra/w-modification, this substance appeared to be stable 
only in the form of its salts. The cas-lactonic acid on titration with 
aqueous barium hydroxide gave, however, an end-point correspond¬ 
ing with salt-formation in respect of three carboxyl groups: 

0*0260 of the m-lactonic acid required 11*9 c.c. Ba(OH) 2 solution 
(0"0243A) for complete neutralisation. CjsHjgOg changing in solu¬ 
tion to C 3 ; jH 2 o 0 7 (tribasic) requires 11*9 c.c. 

The barium salt was precipitated from a solution of the m-lactonic 
acid in water by the addition of an excess of barium hydroxide 
solution: 

0-1403 gave 0*1011 BaS0 4 . Ba = 42*42. 

(C 13 H‘ 17 0 7 ) 2 Ba s requires Ba=42’0 per cent. 

CO-Q —CO 

The cvsr Lactonic Anhydride, C g H 10 ICH*C -CH ‘ 

MeCH-COO 

The lactonic anhydride was prepared by heating the trans-l ac- 
tonic acid with acetyl chloride at 100° in a closed flask. The product 
was evaporated, in a vacuum and the residue crystallised from ether, 
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when it separated in small crystals melting at 170°. It could also 
be purified by distillation under diminished pressure. 

The same anhydride was also obtained by boiling the ca's-Iactonic 
acid with acetyl chloride at atmospheric pressure: 

0T170 gave 0'2637 C0 2 and 0’0679 H a O. C = 61*47; H = 6*45. 
C 13 H 16 0 5 requires C —61*9; II = 6*3 per cent. 


tTa.n&~2>~Hydroxy-k-cyc[ohexyl-l-met}iylcyc\Qbittan-2-one- 
3: 4z-dicaroxylic Acid (XXXVII, p. 345). 

The portion of the crystalline mixture obtained in the prepara¬ 
tion of the tfraws-lactonic acid (p. 369) which did not diissolve in the 
boiling benzene consisted essentially of the cycZobutane acid 
XXXVII, and was recrystallised from aqueous alcohol. 

The ethereal solution of the esterified gummy residue (p. 369), 
after shaking out the acid products with aqueous sodium hydroxide, 
was dried and evaporated. The residue, on distillation under 
diminished pressure, yielded a fraction passing over at about 260°/ 
25 mm., which was hydrolysed by boiling hydrochloric acid. The 
product was rendered alkaline and extracted with ether, then acidi¬ 
fied, and again extracted with ether. The latter extract, on drying, 
and evaporating the solvent, yielded a residue which, deposited 
crystals of the cyeZobutane acid on adding benzene. The crystals 
were washed with benzene and recrystallised from aqueous alcohol. 

The irMis-cyclobiit&ne acid melted and evolved steam at 185°, 
without appreciable discoloration. The liquid, on cooling, solidified, 
and on re-heating melted at about 140° : 

0T008 gave 0*2132 CO s and 00618 H a O. C=57*68; H = 6*81. 

C 13 H 18 0 6 requires C = 57*8; H = 6*7 per cent. 

0*0600 required 18*37 c.c. Ba(O.H) 2 solution (0*0243iV) for 
neutralisation. C 13 H 18 0 6 (dibasic) requires 18*3 c.c. 


om-B^Hifdro^-^Qyclohexf/l-l-methi/lcyclobutan-^one- 
3:4 -dicarboxylic Add (XXXVII, p. 345). 

The cw-acid was prepared by boiling its anhydride (see below) 
with water. On cooling the solution the anhydride separated in the 
pure' condition. 

The acid melted at 148° with the immediate elimination of water- 
vapour. . It was more readily soluble in water than the <£r<m&-modi» 
dcation ; Yhb.ph - 
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0-0704 gave G’1497 C0 2 and 0*043G IDO. C = 57*99; H = 6*78. 

C 13 H 18 0,3 requires C = 57*8; H = 6*7 per cent. 

0*0481 required 14*65 c.c. Ba(0il) 2 solution (0*0243117) for 
neutralisation. C 13 H 18 0 6 (dibasic) requires 14*7 c.c. 

When boiled for four hours with concentrated hydrochloric acid 
the cis-acid was quantitatively converted into the ira/is-isomeride. 

. , , ., , - . , ., C g H 10 :OH*O<n/AW\> 00 - 

Anhydride of the ci s-Acvd, 5 10 y. 0(0 H) 

00*0*CG 

At its melting point the trans-acid evolved water-vapour, but the 
elimination was by no' means complete at this temperature. The 
melted substance was therefore raised to 230° and maintained at 
this temperature until it began to darken in colour. The product 
was triturated with aqueous sodium hydrogen carbonate, dried, and 
recrystallised from dry ether. It melted at 158°. 

The same anhydride was obtained by heating the m-acid above 
its melting point: 

0*0833 gave 0*1886 CO s and 0*0483 H 2 0. C = 61-75; H = 6*44. 

0 ]3 H w 0 5 requires 0 = 61*9; II = 6*3 per cent. 

..(g) Reduction of the Monobasic Btidged-wpixo-ttcM (XXIII, 
p. 335) by Sodium Amalgam. 

It was found necessary, in order to be able to repeat the results, 
to standardise carefully the method of experiment. The reductions 
were always carried out with 3 per cent, amalgam, which passed 
through a 10-mesh sieve but not through a 16-mesh sieve. The solu¬ 
tions were contained in round-bottomed flasks of capacity two and 
a-half times the volume of the solution, and kept at a definite tem¬ 
perature. During a reduction a stream of carbon dioxide was led 
into the flask, but was not allowed to bubble through the liquid. 
These conditions apply to all the experiments described in this and 
: the next section. ...... 

5-cycloiT e%anesj>irocyclopentan-3-one- l-carboxylic. Acid ' (XLIII, 
p. 348). 

Five grams of the ketonic acid (XXIII, p. 335) were dissolved 
; ■ in :.an amount of sodium carbonate sufficient to give- a:' neutral solu- 
y tion and the. whole made up to 200 c.c. This, solution was kept at 
. 24° by immersing it in cold water and reduced under the 
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conditions by adding 10 grams of amalgam once every half hour 
until 120 grams in all had been used. Half an hour after the addi¬ 
tion of the last of the amalgam the mercurial layer was removed 
and the aqueous layer acidified. The oily precipitate was allowed 
to- solidify and was then collected and recrystallised from dilute 
alcohol. 

The acid melted at 136—138°, and was found to be very readily 
soluble in all usual organic solvents except light petroleum; in this 
solvent, as in water, it was sparingly soluble: 

0-0867 gave 0*2145 C0 3 and 0’0635 H 2 0. 0 = 6749; H = 814. 

C h H, g 0 3 requires C = 67’3; H=8’2 per cent. 


The SemicarbazoH e, 


o 5 h 10 :o< 


CH(CO a H)^H a 

ch 2 -c:n*nh-conh 2 ' 


The seniicarbazone separated when a solution in which the acid 
and semicarbazide acetate had been boiled together was coaled. 
After recrystallising from alcohol it melted and decomposed at 
210 °: 

0-1079 gave 0*2262 CO» and 0:0767 H 3 0. C = 57-17* H = 7-80. 
Cj B H lf) 0 3 H 3 requires 0 = 56*91 H = 7*5 per cent. 


5 -cycloIIexanespimcjclo2fe)itan-3-ol-l~curbox'i/Hc Acid (XLIV, 
p. 348). 

Five grams of the above cyc/opentanone acid were dissolved in a 
quantity of aqueous sodium carbonate sufficient to give an approxi¬ 
mately neutral solution which was made up to 400 c.o. This solu¬ 
tion was kept at 17° and reduced under standard conditions with 
240 grams of amalgam, 10 grams being added every half hour. Half 
an hour after the addition of the last of the amalgam the mercurial 
layer was run off and the aqueous layer acidified and extracted with 
ether. The solid residue obtained after the ether had been dried 
and distilled off was recrystallised from a mixture of benzene and 
light petroleum.'':. ■ : 

The hydroxy-acid melted at 125-—127° and was very readily 
soluble in all the usual organic solvents except light petroleum. It 
was much more readily soluble in water than was the: corresponding 
ketonic acid: 

0-1092 gave 0'2672 C0 2 and 0’0884 H 3 Q. 0 = 66*93; H = 9 00. 

C u H iS 0 3 requires 0 = 66-7; H = 9*l per cent. 
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Acetyl Derivative, C 5 H l0 IC<^^^^_ \ _ . 2 qAc ' 

When the hydroxy-acid was boiled with acetyl chloride for four 
hours and the solution evaporated there was left a solid residue 
which was recrystallised from benzene. It melted at 157—160°: 
0-0887 gave 0*2122 C0 2 and 0*0680 H«>0. 0 = 65*24; H = 8*52. 

O i3 H 20 O 4 requires C = 65*0; 11 = 8*3 per cent. 

0*1552 gave acetic acid requiring 26*4 c.c. Ba(OH) 2 solution 
(0*0243JV) for neutralisation. C 13 H 20 O 4 requires 26*6 c.c. 


(h.) Comparative Experiments on the Seduction of the Bridged- 
ring - and Bridged-spiro-acids XIV (p. 333) and XXII/ 
(p. 335). 

The general plan which was followed in these experiments has 
already been sketched in the Introduction (Section E). 

The most convenient method of preparing the bridged-ring acid 
XIV was found to be by treating the sodium compound IX (p. 330) 
according to the method (p. 364) used in the preparation of the 
acid XXIII from the sodium compound XII. The reductions of 
the bridged-ketonic-acids XIV and XXIII were carried out under 
the usual conditions (p. 372). The experiments were conducted 
in pairs, using 0*80 gram of the acid XIV and 1*00 gram of the 
acid XXIII. The neutral solutions of the acids were immersed in 
the same water-bath and treated with 1 gram of amalgam every 
fifteen minutes so long as the experiment lasted. The aqueous 
layers were then acidified and extracted quantitatively with pure 
ether. The solid residues obtained on evaporating the solvent were 
allowed to remain in an exhausted desiccator for forty-eight hours. 

The dried products were then analysed. Usually about 0*4 or 
0*5 gram was taken and the water formed by combustion deter¬ 
mined. In certain cases the substance was also acetylated and the 
product left after evaporating, desiccated over potassium hydroxide 
arid quantitatively hydrolysed, the acetic acid being distilled off in a 
current of steam and estimated by titration with standard alkali, 
This figure gave the quantity of hydroxy-acid which had been 
formed in the reduction, whilst the water formed on combustion 
enabled one to calculate the total quantity of hydrogen which had 
been introduced during the reduction. The accompanying table 
(table VII) gives the results of these experiments, the figures within 
the brackets (.) representing the calculated limits. 

Another set of experiments, similar to the above, was instituted, 
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in which tli© reduced k©ionic-acids XXXIX (p. 346) and XLI1I 
(p. 348) were used in place of the bridged-ketonic-acids XIY and 
XXIII. The quantities taken for each experiment were 0*80 gram 
of the acid XXXIX, and 1*00 gram of the spiro-acid XLIIX. The 
other quantities and conditions of experiment were the same as in 
the former case. In this instance the products were not acetylated 
and hydrolysed, but the water formed on combustion was deter¬ 
mined. The results of these experiments are given in table VIII, 

the figures in brackets (.) representing, as before, the calculated 

limits. 


Table VII. 


Time Amalgam 
(hours), (grams). 


0 

0 

1 

4 

2 

8 

4 

16 

6 

24 

10 

40 

14 

56 

(oo 

00 


Time Amalgam 
(hours). (grams). 

(0 0 

2 8 

4 16 

7 28 

(oo CO 


Bridged-ring-acid 
(0*80 gram). 


tgl 

° W ts 

o § 

Hi 


$ ° 

< 1 

&& 

6-49 

0*00 

0 

6*67 

0*30 

—» 

6*85 

0*60 


7*20 

1*18 

— 

7*27 

1*30 

0 

7*46 

1*62 

3 

7*79 

2*16 

21 

8*86 

4*00 

100 


Table VIII. 

Ring-acid (0-80gram). 

Per cent. Atoms 
of H of H 

in product, introduced. 
7-60 0*00 

7*92 0*39 

8*13 0*75 

8*42 1*25 

8*86 2*00 


Bridged - spiro -acid 
(1*00 gram). 


r cent. 

£ H in 
oduct. 

*H r 6 
° 8 

l a l 

Hi 

PU 0 (U 

At 

inti 

P4 j? 

7*22 

0*00 

0) 

7*49 

0*58 


7*64 

0*89 


7*97 

1*58 

■' — 

8*09 

1*85 

2 

8*30 

2*30 

18 

9*09 

4*00 

100) 


spiro-Acid (LOO gram). 


Percent. Atoms 

of H of H 

in product, introduced. 
8*16 0-00) 

8*39 0*49 

8*51 0*76 

8*67 M0 

9-09 2-00) 


(i) Oxidation of Fission-products Derived from the Bridgcd-spiTo- 
sodio-ester XII (p. 330). 

Oxidation experiments were tried with three types of fission- 
product, including the spirocy cZppentanone acid XLIII (p. 348), 
the t/ramcyclohexylcyclohut&ne acid XXIV (p. 336), and the trmu- 
lactonie acid of hydroxycycfohexylmethyltricarhallylic acid 
XXXIV . (p. . 342).: . None of these appeared .to he acted on ■ by 
boiling dilute nitric acid . Concentrated nitric acid,. however, 
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readily oxidised the first of these three acids, but did not react 
with the last two. These, however, were readily attacked by warm 
alkaline permanganate. Two crystalline oxidation products, cyclo- 
hexanecarboxylic acid and c^cfohexane-l :1-dicarboxylic acid, were 
obtained in the course of these experiments. 


cyclo# exane-l 1-dicarbouii/Uc Add (XLV, p. 351). 

This acid was prepared by oxidising both the s piracy dopmtKn* 
one acid XLIII (p. 348), or the corresponding ,s*y/<’roc//c7opentanol 
acid XLIV (p. 348), with concentrated nitric acid. The organic 
acid (2*5 grams) was warmed with an excess of concentrated nitric 
acid until most of the red fumes had been evolved. The resulting 
solution was then boiled for a few minutes, and finally evaporated 
to dryness. The residue was treated with water and again 
evaporated. In this way, a semi-solid mass was obtained, from 
which the crystals were separated by spreading on porous porce¬ 
lain. 

After recrystallising from water, the acid melted at 207°, with 
the evolution of carbon dioxide and a certain amount of dis¬ 
coloration : 

0-1008 gave 0:2058 CO s and 0‘0650 H a G. 0 = 55-68,; 11 = 7-16. 

C 8 H 32 0 4 requires 0=55*8 ; II = 7*0 per cent. 

0*0412 required 19-75 e.c. Ba(OH) 2 solution (0*0243A) for 
neutralisation. C 8 H J2 0 4 (dibasic) requires 19*7 c.c. 


cyelo IfextmsmrbdxyUG Acid (M-cxahytlrobempie A dd). 

This acid was obtained in two ways: 

(1) By distilling cyclohexane~l : l-dictirbmylic add: The dh 
carboxylic acid on distillation under ordinary pressure gave off 
carbon dioxide and yielded a distillate, which boiled at 230—235° 
and solidified when cooled by ice. The crystals melted at 18—23°, 
(Found: 0= 65-42; H = 9*51. Calc.: 0=65*6; H = 9“4 per cent.) 

(2) By oxidising cydohcxyl derivatives. Either the tram - 
lacfconic acid of hydroxy cycZohexylmethyltricarballylic acid 
XXXIV (p. 342) or the ^m<ns-c?/cZohexyle?/c?obutanone acid XXIV 
(p. 336) may be used. The organic acid (10 grams) was dissolved 
in an excess of a solution of sodium carbonate and .treated with 
30 grams of potassium permanganate. The permanganate was 
added in successive small quantities, sufficient time being allowed 
between each addition for the solution to become decolorised, the 
reaction being aided by heating. When all the permanganate had 
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been added and decolorised, the liquid was filtered and extracted 
with ether to remove any neutral oxidation products. The 
aqueous solution was then acidified with hydrochloric acid, and the 
acid products were extracted with ether. From the residue 
obtained on drying and evaporating the solvent, some gummy 
material was separated by distilling under diminished pressure, 
and the liquid distillate was fractionally distilled under atmo¬ 
spheric pressure. In this way, there was obtained a fraction boil¬ 
ing at 232—236°, which solidified on cooling in ice to a mass of 
crystals melting at 21—25°. (Found: C=65‘63; H = 9‘51. 
Calc.: 0 = 65-6; IT =9*4 per cent.) 

The acid prepared by both these methods melted at a tempera¬ 
ture a few degrees lower than the recorded melting point, namely, 
29° (Lumsden, T., 1905, 87, 91). The same experience in regard 
to it is recorded by Haworth and Perkin (T., 1894, 65, 103). It 
certainly appears to be exceedingly difficult to obtain preparations 
showing the correct melting point when working with small quanti¬ 
ties of material. Crystals of the acid when left exposed to air 
rapidly liquefied, and it did not appear to be possible to induce 
the acid to separate in a crystalline form by cooling a solution in 
light petroleum below 0°. These observations agree precisely with 
the statements made by Lumsden, and, along with the analytical 
figures, are regarded as leaving no doubt as to the identity of the 
substance. 

(j) Examination' of the Oily By-product obtained in the 
Preparation of the Bridf/cd-spiro-sodio-cster XII (jp, 330). 

The alcoholic solution of the oily by-product obtained during 
the preparation of the yellow sodium spiro-compound (p. 357) was 
distilled to remove the alcohol, the residue dissolved in ether and 
shaken with water. The ethereal solution was then dried and 
evaporated, the residue being distilled under diminished pressure. 
Three fractions were obtained: (1) below 120°/20 mm., 
(2) between this and 250'°/11 mm., and (3) at 250—160°/11 aim,, 
together with a small, dark-coloured, non-volatile residue. 

Fraction (1).—--The first fraction contaiiieoL practically the whole 
of the ethyl maionate present in the original oil. It was redis¬ 
tilled, and the small residue of high boiling point was added to the 
second fraction, (2). 

Fraction (2).—The second fraction, which did not appear to be 
capable of separation into pure compounds by distillation, was 
boiled with hydrochloric acid for forty-eight hours. During the 
reaction, a strong odour of butyric acid was developed. When 
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the hydrolysis was complete, the butyric acid was distilled off in 
a current of steam, and the residual solution boiled with charcoal, 
filtered, and evaporated to dryness. Five acids were isolated from 
the crystalline residue. 

cyclolleacaneA : l-diacetic A. rid .—The crystalline residue was 
recrystallised from the minimal quantity of 35 per cent, alcohol. 
The crystals which separated contained three of the five acids, the 
separation from the other two, which remained in the mother 
liquor, being very nearly quantitative. The crystals melted at 
160—200° approximately. They were dissolved in dilute ammonia 
and, after the excess of ammonia had been evaporated, were 
treated in the cold with a solution of zinc sulphate. The pre¬ 
cipitate was collected, washed with cold water, and then digested 
with hydrochloric acid. The acid thus precipitated melted at 
174—179°, and was again precipitated as its zinc salt. The free 
acid was then liberated and recrystallised from water, when it 
melted at 181°, and was identified as ei/cloh&x&ne-l: 1-dicarboxylic 
acid by direct comparison with a specimen of that substance. The 
preparation, together with some small residues obtained subse¬ 
quently, constituted 15 per cent, of the original crystalline 
mixture. 


lran8-ajclol-Iexa?i€sj)iTooyclopropane-l: 2-dicarboxyiic Add, 

The combined filtrates from the zinc salt of cycZohexane-l: 1- 
diacetic acid were concentrated and treated with concentrated 
hydrochloric acid. The precipitated acids were dissolved in 
ammonia, and, after concentrating the solution, treated in the cold 
with a considerable excess of a saturated solution of lead nitrate. 
The lead salts were collected and recrystallised front the minimal 
quantity of boiling water, and then decomposed with a slight 
excess of dilute nitric acid. This treatment separated the last 
trace of cycl o hexanediaeetie acid, which, along with a small 
quantity of the tram-sjnroeycl lopropane acid, remained in the 
filtrates from the lead salt. These traces were separated by mean's 
of their zinc salts, as described above. The combined ei/clo- 
hexanediacetic acid-free preparations Were extracted twice with 
three parts by weight of boiling benzene. The undissolved portion 
melted at 234—237°, and on recrystallisation from dilute alcohol 
melted sharply at 237^. It was identifiedas cycloh®xmiesjym>- 
cyefopropanedicarboxylic acid by direct comparison with a speci¬ 
men. The preparation, together with some residues subsequently 
obtained, amounted to 65 per cent, of the original crystalline 
mixture. 
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3 -cy cl oil e scan e spiro- 1-niet hylcyclopropcme -1 :1 ; : %trica»rbaxyl'ic 
Acid (XLVII, p. 354). 

The solution in the 35 per cent, alcohol from which the above 
two dicarboxylic acids were crystallised (p. 378) was evaporated, 
and the residue resolved by crystallisation from 50 per cent, 
alcohol into three distinct fractions: (1) a small quantity of a 
mixture of the same two dicarboxylic acids, (2) a much more 
readily soluble, crystalline substance melting at about 208°, and 
(3) a viscous gum. 

The first fraction was treated according to the methods already 
described for the separation of the two dicarboxylic acids. 

The second consisted essentially of the .spiro cy clop r op a n etri ca rb - 
oxylic acid. It represented about 8 per cent, of the original 
crystalline mixture, and, on recrystallising from water, melted at 
215°, with the immediate elimination of water vapour: 

0*1156 gave 0*2386 C0 2 and 0*0675 H 2 0. 0=56*30; H = 6*49. 

Ci 2 Hi 6 0 6 requires 0 = 56*2; H = 6*2 per cent. 

0*0453 required 21*95 c.c. Ba(OH) 2 solution (0*0243A 7 ) for 
neutralisation. C 12 H jc O 0 (tribasic) requires 21*9 c.c. 

coo-co ch 2 *co 2 h 

II 2 2 

c— ch 2 c—CO 

The Anhydro-acid, C 5 e io :C<^ H . C( ^ H or C 5 H io : g < { ‘ )H . co > 0 * 

The anhydro-acid was prepared by bo>iling the free tricarboxylic 
acid with acetyl chloride for two hours and evaporating the excess 
of the reagent. The residue on treating with benzene set to a 
mass of crystals. After recrystallising from the same solvent, the 
anhydro-acid melted at 128°. It was immediately soluble in cold 
sodium hydrogen carbonate solution, and could be recovered un¬ 
changed by acidifying. On boiling a solution of the anhydro-acid 
in aqueous sodium hydroxide for a few minutes and then acidify¬ 
ing, the free tribasic acid was regenerated: 

0*1548 gave 0*3418 C0 2 and 0*0823 H 2 0. 0=60*23; H = 5*90. 

0 l2 H u 0 5 requires 0=60*5; H=5*9 per cent. 

5-cyc]o?Iexanea'pirch2-ethyldicyclo2>en>tan-Z-oneA-carbosylic 

Acid (XL VIII, p. 354), 

The two benzene filtrates obtained in the preparation of the 
.s-jf/frocycfopropanedicarhoxylic acid (p. 378) were combined and 
evaporated. The residue, which still contained about three parts 
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of the dicarboxylic acid to one of the. bridged-monocarboxylie acid 
(this was indicated by a titration), was weighed, and extracted 
with three times its weight of boiling benzene. The extract was 
evaporated and the residue treated again in this way, the treat¬ 
ment being repeated until the residue obtained after evaporating 
an extract was completely soluble in three parts of boiling benzene. 
The product was fractionally crystallised from benzene. After a 
considerable number of fractional crystallisations, a. preparation 
was obtained which did not appear to change in melting point 
when again recrystallised. 

This substance separated from benzene in long needles, which 
melted at 191—194°. It was sparingly soluble in water and gave 
no colour with ferric chloride: 

0-0610 gave 01537 C0 2 and 0*0432 H 2 0. C= 69*75; H = 7*99. 

C 13 H 18 0 3 requires C=70*3; IT = 81 per cent. 

0-0376 required 7*20 c.c. Ba(OH) a solution (0-0243A) for 
neutralisation. C 33 H 1S 0 8 (monobasic) requires 7*0 c.c. 

The analytical figures, especially those for the titration, do not 
correspond with the formula so well as could be desired. The dis¬ 
crepancies are, however, all in a direction that may be taken to 
indicate that the preparation still contained a small quantity of 
the 6‘procycApropanedicarboxylic acid, which, owing to the small¬ 
ness of the quantity of material, it was not possible to remove. 
The preparation constituted about 01 per cent, of the original 
crystalline mixture, 

'tram-Zactoma Acid of y-Hydro&^$-&y<&QhemifU(t'ethyUn6Mbalh{tic 
A dd (XLIX, p. 354). * 

The viscous gum, which was obtained as the third fraction in 
•' the.'separation • .by. -means of 50 per cent, alcohol .mentioned. : on 
p. 379, was distilled under diminished pressure. More than three- 
quarters of it passed over at 240—25()°/4Q ram., and this, on 
treatment with benzene, solidified to a mass .of colourless crystals. 
These represented .about 3 per cent, of- the original crystalline 
mixture, the residue in the distilling flask, which was not further 
examined, accounting for about 1 per cent. 

The crystalline lactonie acid, after recrystallisation from either 
water or benzene, melted at 149°. It dissolved readily in . water 
and all the usual organic solvents except light petroleum: 

0*1228 gave 0*2660 CO a and 0*0962 H 2 0. C=59*08; 11 = 7*09. 

requires C = 59*2; H=7‘0 per cent. 

The silver salt was p.recipitated by adding silver nitrate solution 
to a boiled solution of the lactonie acid in ammonia: 
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0T063 gave 0'0461 Ag. Ag = 43‘37„ 

Ci 4 H 18 0 6 Ag 2 requires Ag=43*4 per cent. 


km&&y-Eydroxy-&-Qyc\ohearAjl-a-e thyltricarballylic A cid . 

This hydroxy-acid (contrast the m-forni) appeared to be stable 
only in the form of its salts. All attempts to obtain it in the free 
state were unsuccessful. However, when the frawx-lactonic acid was 
dissolved, in water and the solution titrated slowly with barium 
hydroxide in the cold, an end-point corresponding with the neutral¬ 
isation of three carboxyl groups was obtained : 

0 0516 required 22*40 c.c. Ba(OH) 2 solution (0'0243iV) for com¬ 
plete neutralisation. C j4 H 2() 0 6 , changing in solution to 
C lt H 22 0 7 (tribasic), requires 22*4 c.c. 

The barium salt was precipitated from an aqueous solution of the 
ifraras-lactomc acid by adding an excess of a solution of barium 
hydroxide: 

0*1678 gave 0*1179 BaS0 4 . Ba = 41*36. 

(C 14 H 19 0 7 ) 2 Ba 3 requires Ba = 40*8 per cent. 

cis~ Lac tonic Acid of y-Hydro%y-fi-cyclohc%yl-&ethyUricarballyUc 
Acid (XLIX, p. 354). 

The* m-lactonic. acid was readily prepared by heating the free 
ci ^-hydroxy-acid (see below) at 100° for a few minutes. 

When dissolved in water the lactonic acid regenerated the 
hydroxy-acid, which could either be crystallised out or titrated in 
solution. The lactonic acid could, however, be recrystallised from a 
mixture of benzene and light petroleum without any change taking 
place. It melted at 198° with the evolution of water-vapour: 

0*1040 gave 0*2244 C0 3 and 0*0664 H 2 0. * 0 = 58*84; 11 = 7*10. 

C u H 20 O g requires C = 59*2; H = 7*0 per cent. 

The silver salt was prepared by dissolving either the m-lactonic 
acid or the cis-hydroxy-acid (see below) in dilute ammonia, boiling, 
and adding an excess of silver nitrate solution: 

0*1041 gave 0*0449 Ag. Ag=43* 13. 

C 14 H 18 O c Ag 2 requires Ag=43*4 per cent. 

On boiling the c?x-lactonic acid with hydrochloric acid a partial 
conversion into the £mus-laclonic acid took place. 
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ch-y-Ilydroxy-fi-cyclohexyl-a-ethyUricarbaJlylic Acid. 

This substance was prepared by boiling the cis-laetonic anhydride 
(see below) with, a slight excess of aqueous sodium hydroxide and 
acidifying with, hydrochloric acid. The cw-hydroxy-acid slowly 
separated out. 

The substance' is very unstable, and loses a molecule of water with 
great readiness, giving the cis-lactonic acid. The change was found 
to proceed with rapidity at 60° in an exhausted desiccator at 
the ordinary temperature, and slowly when the acid was exposed to 
air under ordinary conditions. In cold aqueous solution the sub¬ 
stance behaved in every way as a tribasic acid: 

O'1003 gave 0*2045 C0 8 and 0*0666 HgO. C = 55'60; H=.7*38. 

C 14 H 2s 0 7 requires C~~55*6; H = 7*3 per cent. 

0*0382 required 16*65 c.c. Ba(OH) 2 solution (0*0243A 7 ) for 
neutralisation. C M H 22 0 7 requires (tribasic) 16*6 c.c. 

The barium salt was precipitated when the liydroxy-acid was dis¬ 
solved in water 1 and treated with an excess of barium hydroxide 
solution: 

0*1057 gave 0*0740 BaS0 4 . Ba = 41*18. 

(C 14 H 19 0 7 ) 2 Ba 3 requires Ba = 40*8 per cent. 

When the cis-hydroxy-acid was boiled with 20 per cent, hydro¬ 
chloric acid for some hours a partial conversion into the tram - 
lactonic acid took place. 

00-0—CO 

The ak-Lactonic Anhydride, -€.H 

Et* OH* 00*0 

The im?i»-lactonic acid did not appear to be dehydrated to any 
appreciable extent when heated above its melting point or when 
distilled under diminished pressure. It readily eliminated water, 
however, when heated at 100° for half an hour with acetyl chloride. 
On evaporating the product and treating the residue with benzene, 
.crystals of the lactonic anhydride were obtained. After being 
recrystallised from benzene the substance melted at 154°, It did not 
dissolve at an appreciable rate in cold aqueous sodium hydrogen 
carbonate, but on warming with sodium hydroxide both oxygen 
rings were opened up and the m-hydroxy-aeid was formed: 

0*1023 gave 0*2356 C0 2 and 0*0625 H 2 0. 0 = 6,2*81; H = 6*79. 
c iA80 r> requires C=63*2; H = 6*7 per cent. 

fraction (3).—The third fraction which was obtained on distilling 
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the oily by-product (p. 377) boiled at 250—260°/11 mm. and con¬ 
sisted of fairly pure ethyl cyc^ohexanesprometliylcyc?opropanetetra- 
carboxylate (XI, p. 330). When hydrolysed with hydrochloric acid 
it yielded the tricarboxylic acid (XLYII, p. 354) dealt with on 
p. 879. 

(k) Note on Ethyl Dihydro gew 5: 'b-Dimethyldicyalopentan-Z-one- 
1:2-A-tricarboxylate (XXVI, p. 337). 

Tliis member of the dimethyldieycZopentane series, which was 
made use of in this research, has not been previously described. 

The yellow sodium compound X (p. 330) was boiled with five 
times its weight of a 3Y-solution of potassium hydroxide in alcohol 
until the suspended matter just became colourless. The precipitate 
was collected and drained on porous porcelain in a desiccator. It 
was then dissolved in the minimal quantity of water and decom¬ 
posed with excess of concentrated hydrochloric acid. The crystals 
obtained were recrystallised from 15 per cent, hydrochloric acid. 

The acid-ester melted and decomposed at 162°, and gave a purple 
colour with ferric chloride. It was readily converted into the mono- 
carboxylic acid XIV (p. 333) by heating for a few minutes at 200° 
with a little water. When heated in the dry state, it evolved carbon 
dioxide and steam, and from the charred residue a small amount of 
the acid XIY was isolated. It is perhaps worthy of note that the 
monocarboxylic acid should be obtained in this way, but it is 
doubtless the result of the hydrolytic action of the steam which is 
evolved as the substance decomposes: 

0-1261 gave 0'2453 C0 2 and 0*0599 K>0. 0=53*05; 11=5-28. 

C 12 Hj 4 0 7 requires C = 53'3H = 5*2 per cent. 

0*1070 required 32*7 e.c. Ba(OH) 2 solution (0*024377) for 
neutralisation. 0 J2 H 14 0 7 (dibasic) requires 32*6 c.c. 

Imperial College oir Science Research Laboratories, 

and Technology, Cashel Cyanide Company, Ltd., 

. . South Kensington. Glasgow. ■ 

[Received, March I'Mh, 1019.] 
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Thursday, March 27th, 1919, at 4 p.m. 

Sir William J. Pope, K.B.E., F.R.S., President, in the Chair, 

.Dr. T. S. Price and Dr. C. K. Tinkler were elected Scrutators, 
and the ballot was opened for the election of Officers and Council. 

The Report of Council for 1917-1918 was formally presented to 
the meeting by the President. After statements by one of the 
Secretaries as to the progress made in the revision of the Rye-laws 
and by the Treasurer as to the financial position of the Society, the 
adoption of the Report of Council, together with the Statement of 
Accounts for the year ending December 31st, 1918, was proposed 
by Professor G. Barger, seconded by Dr. G. W. Monier-Williams, 
and carried unanimously. 


Report op Council, 1918-1919. 

The Council are gratified to report a substantial increase in the 
membership of the Society. On December 31st, 1917, the number 
of Fellows was 3,270. During 1918, 249 Fellows were elected and 
13 reinstated, making a gross total of 3,532. The Society has lost 
62 Fellows by death; 16 have resigned; the elections of 6 have 
been declared void, and 47 have been removed for non-payment 
of Annual Subscriptions. The total number of Fellows, therefore, 
as at December 31st, 1918, was 3,401, showing an increase of 131, 
as compared with 72 in 1917. 

It is with regret they report that the following Fellows have 
diedion'.Service:: 

John Percy Bates (1913), Edward Frank Harrison (1894). 

Charles William Dick (1917).. Leonard Ison Pitt (1911). 
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and that the death of the following has also occurred: 


Richard Lebiirn Barnes (1875). 
James Bayne (1874). 

William Henry Blake (1890). 

Arthur Clegg Bowdler (1865). 

Joseph John Bowley (1896). 

Harry Broadbent (1889}. 

William Edward Callister (1909). 
Thomas Charles Cloud (1878). 

James Mason Crafts (1870). 

William Adam Dixon (1862). 

John. Ernest Dunstan (1917). 

Thomas Tarries (1870). 

Charles Thomas Foreman (1907). 
Edward Francis (1879). 

Charles James Pern ell er Fuller (1896;. 
George Thomas Glover (1872). 
Walter Augustus Handeock (1900). 
Egerton Hargreaves (1909). 

Henry James Helm (1872). 

Richard Pendarves Hodges (1913). 
Henry Tylaton Hodgson (1873), 
William Larnond Howie (1876). 
Edward Lewis James (1912). 

David Smith Jardin (1902). 

Edgar Dingle Jones (1912). 

John Sydney Keel (1917). 

Douglas Rayment Keller (1913). 
William Joel Kemp (1882). 

Hassum Alidina Lakhani (1909). 
Edmund Albert Letts (1879). 


Thomas Stratford Logan (1902). 
Thomas Watson Loviboncl (1882), 
Sydney Lupton (1872), 

George Cannon McMurtry (1889). 
Charles Stewart Maries (1918). 
Edward Matthey (1884). 

Elias Mendoza (1918). 

Alexander Milne (1885). 

Sir Alexander Pedler (1870). 
Mulgrave Daniel Penney (1870). 
George Frederick Tyler Phillips 
(1904). 

William Ping (1889). 

Joseph Price Remington (1886). 

Alfred Gordon Salamon (1880). 

John Scudamore Sellon (1875). 

Alfred Senier (1875). 

Walter Dalrymple Severn (1896). 
John William Shepherd (1899). 
Richard Spencer (1886). 

James Garter Spensley (1917). 

Henry Charles Stephens (1880). 
Edward Cumming Thompson (1894). 
John Bishop Tingle (1889). 

Thomas Tyrer (1876). 

Herbert William. Mills Willett (1906). 
Christopher Wilson (1894). 

Reginald Cowdell Woodcock (1871). 
John Young (1874). 


Resignations have been received from: 


William James Bees (1905). 

Hugh Garner Bennett (1909). 

Kula Bh.ush.an Bhadim (1903). 
Frederick Rain© Ennos (1914). 
Nagardaa Pupushottam Gandhi (1915), 
John Thomas Hall (1903). 

Herbert Edwin Macadam (1896). 
David James. Morgan (1895), 


Frederick Filiner de Morgan (1897). 
Joseph Morris (1891). 

Malur Srinivasa Ran (1910). 
Abhayacharan Sanyal (1891). 
Robert Greig Smith (1891). 

'Thomas May Smith (1910). 

Alfred Tingle (1904). 

James Woodward (1888), 


The congratulations of the Society are offered to Professor 
William Gelling, Past-President, elected a Fellow on January X 7th, 
1848, who has now completed seventy-one years as a Fellow. 
The Society's congratulations are also extended to: 


■. Elected... 

Dr. Augustus George Vernon Hareourt (Past-President)...... Feb. 3rd, 1859. 

John Spiller ............. Feb. 3rd, 1859, 

Josiah Wyckliffe Kynaston. I’d). 1/th, 1859. 

Tlunnaa William Salter... ... Feb. 17th, 1859. 
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who have been Fellows for more than sixty years, and to the 
following, who have attained their jubilee as Fellows: 


Elected. 

John Hughes . Dee, 17th, 1868, 

Edward Knowles Mnspratt.- Jan. 21st, 1869. 

Thomas Belas .. Mar. 18th, 1869. 

Frank Clowes ... Mar. 18th, 1869. 


The volume of Transactions for 1918 contains 995 pages, of 
which 849 pages are occupied by 89 memoirs, the remaining 148 
pages being devoted to the Obituary Notices, three lectures on 
special subjects, the Report of the Annual General Meeting, and 
the Presidential Address. The volume for the preceding year con¬ 
tained 95 memoirs occupying 960 pages. The Journal for 1918 
contains also 2,436 abstracts occupying 1,032 pages, whilst the 
abstracts for 1917 numbered 2,858 and occupied 1,308 pages. The 
great decrease in the number of memoirs in journals devoted to 
chemistry and allied subjects referred to in the Reports for 1916 
and 1917 became, as was expected, still more marked in 1918; 
there is, however, some slight reason to hope that the lowest point 
has been reached, and that an increase in the number of papers 
abstracted may now be anticipated. Whilst most of the Continental 
journals have been obtained for abstraction, no Russian journals 
have come fco hand during the year. 

In the last Report, an account was given of the arrangements 
made by a Joint Committee of the Chemical Society and Society 
of Chemical Industry to minimise duplication in the abstracts pub¬ 
lished in the Journals of the two Societies. This arrangement has 
been in force during the year with satisfactory results. 

The abstracts may be classified as follows: 


Part I. 


No. of 
Pages. Abstracts. 

Organic Chemistry ..... ■ *— . 771 

Physiological Chemistry .... — 237 

Chemistry of Vegetable Physiology and Agriculture ... •-—* 160 

564 l7l68 

Part II. 

General and.’ Physical Chemistry .... —> , 557 

Inorganic Chemistry .,........... —- . 205 

Mineralogical Chemistry 59 

Analytical Chemistry .. — 447 

468 ~~1J268 

Total in Parts I. and II ...... 1,032 2,436 / 
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The scheme for supplying the abstracts of the Chemical Society 
and of the Society of Chemical Industry to the members of both 
Societies has been further considered, but owing to many difficul¬ 
ties arising out of the war, such as the greatly increased cost of 
production, it has been postponed for the present. 

The Report on the progress of Radioactivity for 1917, which was 
omitted from the last volume of Annual Reports, is included with 
that for 1918 in the current Volume XV; it has been decided to 
postpone the Report on Crystallography and Mineralogy for 1918 
and to combine this with the Report for 1919. Permission has 
been given for the publication of a French translation of Volume 
XV of the Annual Reports. 

The publication of the List of Fellows has been resumed, but, 
owing to the need for economy, the list has been issued only to 
those Fellows who made application. 

Following the scheme initiated three years ago, arrangements 
have Been made for the delivery of Lectures to the Society during 
the present session. The first, entitled “ The conception of the 
chemical element as enlarged by the study of radioactive change,” 
was given by Professor F. Soddy on December 19th; on March 6th. 
a lecture on u Emission spectra and atomic structure” was 
delivered by Professor Nicholson, whilst Professor Jeans will give 
a lecture on May 1st dealing with “ The quantum theory and new 
theories of atomic structure.” 

The address delivered by the President at the last Annual 
Meeting was, by order of the Council, widely circulated through¬ 
out the country. The emphasis laid in this address on the 
desirability of closer co-operation between the societies represent¬ 
ing the various branches of chemistry has given rise to a definite 
step in this direction by the promotion of £< The Federal Council 
for Pure and Applied Chemistry.” The Federal Council consists 
of representatives appointed by the following eleven societies: the 
Chemical Society, the Society of Chemical Industry, the Associa¬ 
tion of British Chemical Manufacturers, the Institute of Chemistry, 
the Society of Public Analysts, the Faraday Society, the Bio¬ 
chemical Society, the Iron and Steel Institute, the Institute of 
Brewing, the Society of Dyers and Colourists, and the Society of 
Glass Technology^ The delegates elected by the Council to repre¬ 
sent the Society on this body are Professor H. E. Armstrong, Sir 
William J. Pope, and Sir William A. Tilden. The primary objects 
of the new body are 'to consider and act upon all matters involving 
the common interests of the constituent societies and to deal with 
any question which these may place before it. The provision of a 
House adequate to the requirements of the chemical profession, in 
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which a complete scientific and technical Library could be 
assembled, is now under the consideration of the Federal Council. 

The Council have had under consideration the present conditions 
of chemical research, and they have given particular attention to 
the question of the adequacy of the sums available for grants and 
to the restricted supply of pure chemicals. Since it appeared 
desirable that united action should he taken in these matters, the 
Federal Council has been requested to consider them, and has 
already taken action in both directions. 

The demobilisation of chemists has also had the earnest atten¬ 
tion of the Council, and joint representation with the Royal 
Society, the Institute of Chemistry, and the Chemical Warfare 
Department has been made to the proper authorities. 

The Council have recently received a valuable report from the 
General Committee of Chemical and Allied Societies on the pro¬ 
posed publication of chemical compendia in the English language. 
The report has also been placed before the Federal Council and 
the councils of other interested societies, including those of the 
American and French Chemical Societies, with the view of securing 
their co-operation. 

During the past year a Committee has been appointed to con¬ 
sider what changes it is desirable to make in the Rye-laws of the 
Society, In their report, the Committee have recommended con¬ 
siderable changes, but these are in several respects inconsistent with 
the terms of the present Charter, and therefore cannot be made 
until a supplemental Charter has been obtained. The question 
whether application for a supplemental Charter should be made 
will shortly be laid before an Extraordinary General Meeting. 

Sir William A. Tilden represented' the Society on the Sectional 
Committee of the British Scientific Products Exhibition. 

Professor P. F. Frankland and Dr. A. Scott continue to act as 
the Society’s representatives on the Conjoint Board of Scientific 
Societies, whilst Sir William J. Pope has been appointed a delegate 
to the International Association of Chemical Societies in place of 
the late'Sir William, Ramsay. .. 

The Council are glad to report that, as a result of the Confer¬ 
ence of Chemical and Allied Societies, a scheme has been prepared 
and is now in operation for increasing the use of the Library and 
extending its technical equipment. The co-operation and financial 
assistance of the Association of .British Chemical Manufacturers, 
the Biochemical Society, the Faraday Society, the Institute of 
■;Cliemistryj the Society of Chemical Industry, the Society of Dyers 
and Colourists, and the Society of Public Analysts have been 
obtained. The members of these societies are now able to use the 
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Library on the same terms as Fellows, and their representatives 
have been added to the Library Committee. 

As already announced, the Library is now open to 9 p.m. on 
Tuesdays and Fridays and to 5 o’clock on Saturdays, in addition 
to those evenings on which the Society meets. 

The number of books borrowed from the Library during 1918 
was 2,905, as against 2,157 in the previous year and 1,610 in 1916. 
The additions to the Library comprise 126 books, 255 volumes of 
periodicals, and 31 pamphlets, compared with 155 books, 282 
volumes of periodicals, and 54 pamphlets in 1917. 

The Council have the pleasure to report that a valuable gift of 
handsomely bound volumes of periodicals and systematic works has 
been received as a bequest from the late Mr. Sydney Lupton. 

The accounts for the year 1918 show a balance of income over 
expenditure amounting to £2,489 4s. id., as against £1,652 9s. ILL 
reported last March for the previous year. Whilst the income 
from all sources has been £10,082 14s. lid., and is thus greater 
than that recorded for 1917 by £1,552 16s. Qd., the expenditure has 
exceeded that of 1917 by £716 Is. Id., reaching the sum of 
£7,593 IQs. 7d. Thus, although the increased expenditure exceeds 
the similar increase on the outlay for 1916, indicated by the Report 
of last year, it has been amply covered by the larger revenue. 

The latter factor is composed of additional life compositions, 
£102, and admission fees, £352, whilst the subscriptions account 
reveals an improvement by £381 10s. Qd. To these are added 
increases of £89 12s, Id. from interest on investments, £262 9s. 10c?. 
from the sale of publications, and £92 15s. 11c?. from advertise¬ 
ments in the Journal, although the net gain to the Society from 
this source is only £32 5s. 4 d., owing to increased cost of printing. 
Donations to the Library amounting to £280 5s, Qd., and not 
having a corresponding reference in the Report for 1917, cannot 
properly be regarded as increased revenue, as more than this sum 
will be expended by the Society during the current year in 
augmenting the usefulness of the Library to members of the sub¬ 
scribing bodies. 

As was anticipated from the conditions prevailing during 1918, 
expenses in producing the various publications have been greater 
than the corresponding costs for 1917, the total increase being 
£390 19s. Id., of which £128 5s. 2c?. is due to the list of Fellows, 
a publication suspended in 1917. The fact that this compilation 
cost £73 Is. 6d. in 1914, £73 6s. Id. in 1915, and £73 16s. id. in 
1916 throws an interesting light on the increase in printing charges 
apd on the period of the War at which this became acute. 

■; Administrative expenditure has also increased;from.£1,472 4s. ,5c?. 

VOL. CXV. Q 
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to £1,681 Os. 5d.j the principal items on this account being 
£161 14s. I CM. in staff salaries and war* bonus, whilst miscellaneous 
printing, stationery, and postages have together increased by 
£85 18s. 8 d. On the other hand, the exceptional outlay in library 
furniture required in 1917 has not been repeated, and is reflected 
in a saving of £61 9s. 9 d. in the year under review. 

The War has continued to affect the volume of Transactions and 
Abstracts, as indicated by the following synopsis: 








Number of Pages. 







Trans. 

Abstr. 

Total. 

1914 

1915 

1916 

1917 

1918 





2,909 

1,862 

i;368 

1,128 

995 

2,068 

1,944 

1,532 

1,308 

1,032 

4,977 

3,806 

2,900 

2,436 

2,027 


Nevertheless, the cost of printing the Journal has been 
£2,750 8 s. M., instead of £2,543 7s. 9 d. in 1917, so that a reduc¬ 
tion of 409 pages corresponds to an increase of £207 Os. Od. in 
expenditure ; this is owing to further appreciation in the cost of 
paper and to the necessity of raising the bonus paid to the printers, 
which now stands at 724 per cent, on the pre-war rates. 

£2,000 National War Bonds were purchased during the year, and 
the estimated value of the Society’s other investments has improved 
by £414, so that, having regard to the fact that on December 31st, 
1918, the cash account was about £420 higher than on the last day 
of 1917, the assets of the Society show an increase of £2,834, or a 
total increase of £3,640 if the Research Fund at its present 
estimated value is included. 

The following grants have been made from the Research Fund 


during the year: 

Organic derivatives of bismuth. F. Challenger. ... ... £15 0 0 

An investigation of the phthalein series. M, Gopisarow. ... 10 0 0 

The velocity of reaction between the alkyl iodides and 

sodium methoxide. H. E. Cox. ... . 10 0 0 

Formation of heterocyclic ring systems by the condensation 

of chlorocarbamic esters and alcohols. R. L. Datta. ... 10 0 0 

The action of alcohols on urea nitrate. P. K. Butt. ... 5 0 0 

Influence of the nitro-group on the mobility of the sub¬ 
stituents in the benzene nucleus. J. Kenner, ... 5 0 0 

The composition and structure of soaps. J. W. McBain. ... 15 0 0 

Melting points of the substituted amides of the normal fatty 

acids. P. W. Robertson. . 6 6 0 

Synthesis of Aphenyl-Ahydroxymethylethylamine from cin¬ 
namic acid or ethyl cinnamate. E. H. Todd . 10 0 0 

The space formulae of diphenyl and its derivatives (con¬ 
tinued). E. E. Turner. .. ... . 10 0 0 


Total 


£96 6 
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INCOME AND EXPENDITURE ACCOUNT 


Income. 

To Life Compositions.f . 

,, Admission Pees ... . ... ... .. ... 

„ Annual Subscriptions— 

Received in advance, on account of 1918 . ... 

„ during 1918 „ „ . 

„ ,, „ „ 1917 . 

,, ,, ,, „ 1916 and previous 


£ 


£ 

349 

§56 


s. d. 
0 it 
0 0 


139 3 4 
4729 16 8 
392 0 0 
62 0 0 


6323 0 0 

Lem amount included in last year's Income, being valuation of 
Arrears as per last Balance Sheet .. . .. 409 0 0 


4923 0 0 

Add Arrears at date : 1918, £670 ; 1917 and previous, £524, estimated 

to realise as per Balance Sheet .. . ... .» ... 460 0 0 


6383 0 0 


,, Lady Subscribers . 

Investments:— 


Dividends on £6730 Metropolitan Consolidated St per cent. Stock ... 170 15 8 

,, £1050London and North Western"Railway3 percent. 

Debenture Stock.. ... ... 23 4 7 

,, £1520 14*. 3d, Cardiff Corporation 3 per cent. Stock ... 3« 1 6 

„ £1400 India 2£ per cent. Stock ... ... .. 25 7 6 

„ £2400 Bristol Corporation 2J- per cent. Debenture Stook 42 0 (> 

„ £4341 Midland Railway 2J per cent. Preference Stock 79 7 2 

,, £1200 Leeds Corporation 3 per cent. Debenture Stock... 26 2 0 

,, £1500 Transvaal 3 per cent. Guaranteed Stock, 1928/53 81 10 0 

,, £1200 North British Railway 3 per cent. Debenture 

Stock ... ... . 25 18 1 

„ £700 Canada 3£ per cent. Stock 1930/60 ... .. ... ... 20 6 0 

,, £5200 5 per cent. War Stock and War Bonds... ... ... 205 8 3 


,, Income Tax Recovered... ... .... ... .. ... ... . ... 170 0 1 

„ Interest on Deposit Account .. ... . .. ... 27 7 2 


0 


,, Publication Sales 

Journals ... ... ... ... .. .. ... 

Proceedings ... ... ... ... ... . 

Collective Index ... ... .. .. 

Library Catalogue.. .... ... ... ... 

Atomic Weight Tables ... ... ... . ... 

Annual Reports on Progress of Chemistry ... 

Memorial Lectures ... .. . 

Jubilee Volumes , ... ... ... ... . 


Less Publishers’ Commission ... ... ... ... 

„ Proceeds of Advertisements in Journal... ... ... 
Less Commission ... ... ... .. ... . 

,, Miscellaneous Receipts ■'... ... / ... ... ■. 

„ Subscriptions from other Societies .. 

Donations to Library . 


... ... ... ... 1728 6 0 

... ... .... ,• • 33 17 2 


2015 80 
.... ... ... 194 12 11 

-. 1820 15 . 1 

... ... ... £408 8 0 

. ... ' 29' 8 4 

—- 373 19 8 

... .... S 6 2 

. 22 1 0 

. 280 5 0 
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FOR THIS YEAR ended 31st DECEMBER, 1918. 


Expenditure, 


Bj Expenses on account of Journal:— 
Salary of Editor, including Indexing 
Salary of Sub-Editor and Assistant 

Editorial Postages . 

Abstractors’ Pees . 

Printing of Journal . 

Banding.. . .. 

Printing of Advertisements . 

Wrappers and Addressing . 

Distribution of Journal . 

Authors’ Copies. 

Insurance oif Stock ... .. 


£ s. d. £ i. d. 


(120 0 
200 0 
21 18 
2'10 12 
2750 8 
S3 2 
184 18 
4 5 
308 10 
111 U 
14 11 


, Annual Reports on the Progress of Chemistry 

, Purchase of back numbers of Journal . 

, List of Fellows .. 

, Library Expenses 

Salary of Librarian and Assistant... . 

Books and Periodicals . 

Binding. 


, Indexing for International Catalogue ... ... ... ... .. 

, Donation to International Commission of Publication of Annual Tables 
of Constants and Numerical Data, Chemical, Physical and Teehno- 

„ Donation to Board of Scientific Societies... . .. 

, Administrative Expenses 

Salary of Staff ... ... ... .. ... . 

War Bonus .... 

Wages (Commissionaire, Housekeeper, and Charwoman) 

Coal and Lighting . . ... ... .. ... 

House Expenses and Repairs . ... 

Furniture . ... .. . .. 

Tea Expenses ... . .. ... ... ... 

Insurances ... . .. . . 

Accountants'Charges . ... ... ... . 

Commission on Recovery of Income Tax ... .. 

Law Costs ... ... ... ... ... ... .. ... 

Miscellaneous Printing ... .. . .. ... 

Stationery ... .. ... ... ... ... ... . 

Postages. ... .. . 

Miscellaneous Expenses ... . .. .. .. 


539 15 
254 (5 
215 19 
(51 IS 


129 17 
108 19 
3i n 
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Although on© disbursement (£10) only was mad© in 1917, the 
balance of income over expenditure for 1918 is £539 13,s. 9 d., .as 
against £553 2s. 0 d. for the previous year. This is explained by 
an increase of £50 11s. 3 d. in the proceeds from investments, of 
£20 8s. 3 d. in repayments of research grants, and of £14 Os. 3d. in 
the amount of income-tax recovered. £816 19s. 9 d. Five Per Cent. 
War Loan was purchased for this account during 1918. 

A vote of thanks to the Auditors proposed by the Treasurer 
was seconded by Mr. R. G. Durrant, Dr. G-. Senter making 
acknowledgment. 

On the motion of Mr. W. Barlow, seconded by Mr. W. F. Reid, 
a vote of thanks was proposed to the Treasurer, Secretaries, Foreign 
Secretary, and Council for their services during the past year. 
Acknowledgment was made by Dr. F. L. Pyman. 

The ballot was then declared closed. 

The President delivered his Address, entitled “ Chemistry in the 
National Service.” A vote of thanks to the President for his 
services in the Cliair and for his Address, coupled with the request 
that he would allow the Address to be printed in the Transactions, 
was moved by Professor H. E. Armstrong. Col. C. T. Heycock 
seconded the motion, which was carried with acclamation, the 
President making brief acknowledgment. 

The report of the Scrutators was presented, and the President 
announced that the following had been elected as Officers and 
Council for the ensuing year: 

President .—Sir James Johnston Dobbie, M.A., D.Sc., F.R.S. 

Vice-Presidents who have filled the Office of President .—rHenry 
Edward Armstrong, Ph.D,, LL.D., F.R.S.; Alexander Crum Brown, 
D.Sc., LL.D., F.R.S.; Sir William Crookes, O.M., D.Sc., F.R.S.; 
Sir James Dewar, M.A., LL.D., F.R.S'.; Harold Baily Dixon, 
C.B.E., M.A., Ph.D., F.R.S.; Percy Faraday Frankland, Ph.D., 
LL.D., F.R.S.; Augustus George Vernon Harcourt, M.A., D.C.L., 
F.R.S.; William Odling, M.A., M.B., F.R.S.; William Henry 
Perkin, Sc.D., LL.D., F.R.S.; Sir William Jackson Pope, K.B.E., 
M.A., D.Sc., F.R.S.; James Emerson Reynolds, Sc.D., M.D., 
F.R.S.; Alexander Scott, M.A., D.Sc., F.R.S. ; Sir Edward Thorpe, 

C. B., LL.D., (F-R-S.; Sir William Augustus Tilden, D.Sc., LL.D., 
F.R.S. 

Vice-Presidents ,—-Frederick George Donnan, M.A., Ph.D., 
F.R.S.; Henry John Horstman Fenton, M.A., Sc.D., F.R.S.; 
Arthur Smithells, C.M.G., F.R.S.; James Walker, D.Sc,, LL.D., 
F.R.S.; William Palmer Wynne, D.Sc., F.R.S.; Sydney Young, 

D. Sc., F.R.S, 
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Treasurer. —Martin Onslo-w Forster, D.Sc., Pii.D., F.E.S. 
Secretaries. —Samuel Smiles, Q.B.E., D.Sc., F.E.S.; James 
Charles Philip, O.B.E., M.A., D.Sc., Pii.D. 

Foreign Secretary. —Arthur William Crossley, C.M.G., D.Sc., 
F.E.S'. , ■ 

Ordinary Members of Council. —Julian Levett Baker; Alexander 
Findlay, M.A., D.Sc., Ph.D.; Francis Ernest Francis, D.Sc., Ph.X).; 
John Addyman Gardner, M.A.; Arthur Harden, D.Sc., Ph.D., 
F.E.S.; Thomas Andei'son Henry, D.Sc.; Charles Alexander Hill, 
B.Sc.; James Colquhoun Irvine, D.Sc., Ph.D., F.E.S.; Charles 
Alexander Keane, D.Sc., Ph.D.; Eobert Howson Pickard, D.Sc., 
Ph.D., F.E.S.; Sir Eobert Eobertson, ICB.E., M.A., D.Sc., F.E.S.; 
Edward William Voelcker. 



PRESIDENTIAL ADDRESS. 

Delivered at the Annual General Meeting, March 27th, 1919. 
By Sir William J . Pope, Xv.B.E., F.R.S. 


Chemistry in the National Service. 

Since the autumn of 1914 a great change has taken place in the 
public attitude towards the natural sciences, and towards chemistry 
in particular. One of the recognised duties of the spokesmen of 
science during the past sixty years or more has been that of 
endeavouring to bring home to the general public and to its 
administrators the danger of neglecting the cultivation of pure 
and applied science. The eloquent discourses of our predecessors, 
Lyon Playfair, Roscoe, Meldola, and the veterans happily still 
with us, Tilden and Armstrong, all past-presidents of our society, 
on the national importance of chemistry, are well known to all of 
us, but we cannot claim that these utterances produced an effect 
compatible with their gravity. 

Recent events have, however, given a stimulus to the popular 
appreciation of the need for wider application to scientific investi¬ 
gation of all kinds, which is incomparably greater than had been 
excited by the previous half-century of the spoken and written 
word. It may be useful at the present time to consider a few of 
the causes for this change in public opinion, partly because of the 
clarification of ideas which emerges from free discussion, partly 
because of the desirability of recording certain facts and particulars 
which may be of value to future historians of the strenuous period 
now ending and giving place to another still more strenuous. 

At this time four years ago an urgent call was mad© for the 
services in a military capacity of all the chemists who could be 
spared from civil life. Large numbers were taken into the Army 
and formed the nucleus of the magnificent Gas Warfare Service, 
which has been slowly but efficiently developed. Many of these 
colleagues of ours are now returning to their legitimate spheres in 
the industrial and scientific life of the Empire, but many will 
not return; among those who have fallen I would refer more par¬ 
ticularly to one who is well known to most of us present for the 
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invaluable services which he rendered on the defensive side of 
chemical warfare. Lieut.-Colonel Harrison was one of the great 
discoveries of the War, and his death on the eve of the armistice was 
on© of its many great tragedies; the protection against gas poison¬ 
ing which has been employed by our own and allied troops, a pro¬ 
tection far more efficient than that ensured by the devices elabor¬ 
ated at leisure by the Central Powers, was due mainly to his wide 
knowledge, great organising ability, and unfailing resourcefulness 
in emergency. A movement for the establishment of a memorial 
to Colonel Harrison was set on foot by the Chemical Warfare Com¬ 
mittee, of which he was the Controller at the time of his death, 
and a considerable sum has been collected from those who had been 
associated with him in his work for the Services. The Chemical 
Warfare Committee have approached the Council of the Chemical 
Society, and have offered under certain conditions to place a 
memorial tablet or other suitable permanent memorial in these 
rooms, and also to establish, under certain further conditions, a 
trust fund to be held by the Society. The Council have with great 
pleasure intimated their willingness to accept these gifts, and one 
of the first duties of your new Council will be to decide how best 
to carry out the provisions of the trust deed. 

The efficiency of the British gas protection, which called for the 
exhibition of so much scientific skill both in research and in manu¬ 
facture, and led to its adoption by our Allies, is one striking 
illustration of the paramount importance of science which has 
appealed to the general public. This subject is, however, but a 
small branch of the enormous chemical problem which presented 
itself to the nation nearly five years ago and led to the organisa¬ 
tion under Lord Moulton of the Department of Explosives Supplies, 
During the working out of this problem, issues presented them¬ 
selves which are probably dissimilar from any that have ever arisen 
before. 

Thus, as the magnitude of the struggle became gradually obvious, 
it was realised that the whole of the resources of the Empire would 
have to be utilised fully if success was to be attained. A census 
of all available chemical products had to be taken, and schemes 
for their exploitation laid down; all materials had to be appor¬ 
tioned out in accordance with the principle that whatever was 
used for the manufacture of one particular war material left 
a corresponding shortage of raw material in connexion with 
the manufacture of some other, and perhaps equally essential, 
product. The intricacy of gauging the chlorine output of the 
country, of determining how to increase it at the maximum 
rate without unduly disturbing other interests, of apportioning it 
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most advantageously for use as liquid chlorine and for the manu¬ 
facture of phosgene, sulphur chloride, carbon tetrachloride, bleach¬ 
ing powder, and many other war materials, is such as would dis¬ 
arm criticism even if the result had been failure instead of brilliant 
success. This novel mode of presentment, involving recognition of 
the principle that the Empire could only dispose of certain limited 
and measurable quantities of raw materials, was but one of many 
fresh views which forced themselves upon a newly created Minis¬ 
terial Department. Labour, fuel, and transport had to be discussed 
in an analogous manner. 

The cessation of hostilities found this country manufacturing, 
roughly, 100,000 tons per annum of nitric acid and sulphur tri¬ 
oxide, with an efficiency of about 93 and 91 per cent, respectively 
of that theoretically obtainable; we were also making 60,000 tons 
of T.N.T. and 35,000 tons of cordite per annum.. These produc¬ 
tions were for all practical purposes on a permanent basis, and 
could have been continued indefinitely. The factories necessary 
for securing this huge production were erected by the Government, 
and for several reasons. First, for economy in production. In spite 
of the large initial cost of installation, and including rapid amortisa¬ 
tion, the national production of cordite was better in quality than, 
and of approximately one-half the cost of, that imported from 
America. Secondly, for certainty of supply, which could be 
ensured only by a home production not subject to the risks of over¬ 
sea transport. 

With this necessity for gigantic production, the urgency for 
economy in manufacture necessarily went hand in hand. One of 
the most interesting documents of the war is the second report, on 
costs and efficiencies for H.M. factories controlled by the Depart¬ 
ment of Explosives Supplies, which has been recently issued. This 
report contains a minute analysis of the working costs for each 
period of each factory engaged on individual items of manufacture; 
it states what proportion of the cost per ton of product is borne by 
labour, raw materials, fuel, maintenance, etc., and provides an 
incitement to further effort towards economy of working by giving 
a “ bogey ” cost sheet made up of the most efficient details of cost 
selected from the complete analysis of expenses. It will be clear 
that an immense amount of organising power was required to 
achieve this stupendous result; it was due largely to the genius 
and energy of Mr. K. B. Quinan. 

It must be remembered, however, that this permanent memorial 
to British chemical activity in production was rendered possible 
only by the intense effort of the army of chemists and engineers 
enlisted under the command of Lor’d Moulton. The necessity lor 

Q* 2 
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utilising all the chemical resources of the country to the utmost- 
led, in direct relationship with the census of raw materials pre¬ 
viously mentioned, to the attempt to extract the last possible frac¬ 
tion of efficiency in each component process. The huge production 
just indicated made it very profitable to carry out a vast amount 
of careful scientific investigation of details of manufacture; so many 
Fellows of this Society devoted their best efforts to this work that 
it would be invidious to mention names. Our colleagues have had 
ample opportunity to realise that the romance of war is now to be 
found in the laboratory, the workshop, and the factory quite as 
much as on the battlefield. 

An instructive example of the operations of the struggle for 
economy in the production of a given effect is found in the rivalry 
which arose between picric acid and ammonium nitrate for use as 
high explosives. Picric acid costs about ,£185 per ton to make, 
ammonium nitrate about £50, and T.N.T. about £100 per ton; the 
■ high cost of picric acid means, of course, limited production. A. 
mixture of 80 parts of ammonium nitrate with 20 parts of T.N.T., 
known as amatol, was introduced early by the Research Department 
at "Woolwich, as being about 5 per cent, more powerful as a high 
explosive, less “brisant/’ and more difficult to detonate, and, of 
course, far less costly to manufacture. The course of the war has 
been marked by continued progress at the hands of our research 
chemists in the preparation and applications of amatol; the grow¬ 
ing appreciation of the merits of this material led to the discon¬ 
tinuance of the manufacture of picric acid* in this country last 
summer, to the adoption of amatol in place of picric acid as the 
American standard high explosive, to the approaching elimination 
of picric acid from the Italian military programme, and to the 
replacement, in the main, of picric acid by amatol in the French 
service. 

A very pertinent question arises in connexion with the' fact that 
our production of the chemical materials needed for a great 
European war was negligibly small in 1914 and has gradually 
attained satisfactory dimensions. We know that the great chemical 
factories of Central Europe could divert their peace production of 
chemical products to a war output at very short notice. None of 
these huge installations requires much time for the design and con¬ 
struction of chemical plant for new purposes; all possess a series of 
standard items of equipment which can be fitted together rapidly 
to form a piece of plant capable of use for throwing any ordinary 
. laboratory operation into large-scale practice. Stills, condensers, 
pressure vessels, filter presses, cooling arrangements of coils and 
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the like, are available in standard sizes and with standard fittings 
in such a manner that the installation on a works scale of a labora¬ 
tory operation is deprived of its most formidable difficulties. The 
question which demands an answer is why, when the German works 
were in existence and could attain a war production so quickly, 
were the Allied nations given time to gradually develop their war 
production of explosives, noxious materials, etc., from nothing? 
The question is best answered by an example. 

In July, 1917, the Germans first used against the Allies a new 
offensive material, $j3-dichloroethyl sulphide, (CH 2 Cl*CH 2 ) a S, and 
with'very great success. This substance, the so-called “mustard 
gas,” has but little odour, and exposure to it causes comparatively 
few fatalities; inhalation of, or contact with, its vapour gives rise 
to acute pneumonia, to the production of painful sores, and to 
temporary or even permanent blindness. Whilst, as has been 
stated, the actual mortality is low, and the use of the substance 
may to this extent be described as humane, the casualties produced 
are very numerous; slight exposure to a material so toxic and so 
difficult to defect leads, in general, to six weeks in hospital. The 
preparation of /3j6 - di chi or oethy 1 sulphide was described by Victor 
Meyer in 1886, and involved the several operations indicated by 
the following set of equations: 

(1) ch 2 :ch 3 + hcio = ch 2 ci-ch 2 *oh. 

(2) 2CH 2 Cl*CH a *OH + Na 2 S= (h 6*CH 2 *CH 2 ) 2 S + 2NaCl. 

(3) (HO-CH 2 *CH 2 ) 2 S + 2HC1 = (CH 2 C1-CH 2 ) 2 S-|- 2H a O. 

When it is realised that operation No. 1 is difficult and that the 
products of reactions (1) and (2) are soluble in water, it will be 
understood that no small difficulties must present themselves in 
the manufacture of /3f3-dichloroethyl sulphide by this process on a 
large scale. The examination of the German product made it quite 
clear, however, that the process of manufacture adopted was that 
indicated by the above set of equations; the over-all yield of pro¬ 
duct is perhaps 40 to 60 per cent, of the theoretical. In view of 
the difficulties of manufacture, it was fairly certain that no 
chemical installation for its production could be established under 
the control of the Allies within any reasonable time; the Central 
Nations thus supposed that they held the monopoly of a very 
powerful instrument of war. 

Most British organic chemists were, I think, amazed at the 
method of production adopted by the German manufacturers; to 
apply such a technically cumbrous process for the manufacture of 
so simple a compound seemed quite irrational. By the end of 
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January, 1918, a process for making j8j8-dichloroethyl sulphide had 
been worked out in the British laboratories, which consisted of the 
reaction expressed by the following equation: 

2CH,:CH, + S 2 C1 2 = (CH 2 C1*CH 2 ) 2 S + S; 

the yield obtained in the laboratory was 98 to 99 per cent, of that 
theoretically possible. The new method was communicated to 
France and America, and installed by the three Great Allies on 
a large scale; at the conclusion of the armistice the available daily 
production of mustard gas by the Allies was equal to the monthly 
production of the Central Nations. 

The answer to the question just put is now available. The 
German chemical service was inefficient; the scientific chemists 
under its control were incompetent. 

The Allied production of mustard gas had a potentiality of the 
order of thirty times as great as that of the German; the cost of 
the German material was of the order of thirty times as great as 
that of our product. Cost of production under the conditions pre¬ 
vailing for this particular material means, in the end, expenditure 
in labour; that we were able to produce at something of the order 
of one-thirtieth of the cost of the German production means that 
by the allocation of the same quantity of raw materials we could, 
secure thirty times the output. The relative strain on the pro¬ 
ductive resources of the Allies and the Central Nations caused 
by a demand for a certain quantity of “mustard gas ” is measured 
roughly by the indicated ratio of one to thirty. 

Whilst many instances similar to that of mustard gas might be 
quoted to show that Germany has been badly served by her scien¬ 
tific men during the war, it would he difficult to overrate the effects 
of the skill and perseverance exhibited by the German chemical 
manufacturer. The command of great and long-established 
factories for fine chemical manufacture enabled the German 
technologist to throw faulty academic projects rapidly into large- 
scale production; the cost, namely, the strain on national resources, 
was enormous, but that an output could have been achieved is a 
significant tribute to the potentialities represented by the large 
German fine chemical factories. Both in Britain and Germany 
production in chemical manufacture has been multiplied during 
the war, but necessarily in a different manner. Our large produc¬ 
tion is almost entirely of war importance, and most of the works 
installed during the war must now be dismantled as a result of the 
cessation of hostilities; the German expansions, on the other hand, 
constitute a permanent addition to the.potentialities of peace manu¬ 
facture of staple marketable products. The war has left Germany 
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with vastly increased resources as a manufacturer of much needed 
chemical products. 

The view that our country is superior to Germany in the posses¬ 
sion of creative scientific power has always been maintained in 
modern times by students of philosophy and history; the correct¬ 
ness of the view has been amply demonstrated during the last four 
years. Whilst our nation has overcome its initial handicap by a 
continuous flow of novel scientific devices of military value, our 
enemies, passed through the war with little more in the shape of 
novel effects than those laboriously elaborated during the preceding 
years of peace. The more brilliant position which Germany has so 
long held in applied science arose from the keen appreciation ex¬ 
hibited by German public and official authorities of the rich 
economic fruits to be reaped from the systematic exploitation of 
scientific industry as compared with the neglect of scientific effort 
shown by corresponding classes in this country. Even yet, but small 
encouragement exists for those who desire to see pure and applied 
science flourish as it deserves in Great Britain; although it may be 
long before the scientific industries of Central Europe regain their 
former predominance, there seems but little prospect of sufficient 
official encouragement being given in this country to scientific and 
industrial initiative to' ensure our position in the competition with 
other nations. 

In this connexion it is interesting to notice what is happening 
in the United States. Immediately after her entry into the war 
America initiated a census of chemists, and in July, 1917, a fully 
detailed description was available of some 15,000 chemists resident 
in the States; a research staff consisting of 1200 technical men with 
appropriate assistance was enlisted for the Research Division of the 
Chemical Warfare Service alone. Since America was only in the 
war for about eighteen months this powerful organisation had not 
time to make its efforts properly felt. Apart from small improve¬ 
ments or changes in detail, practically all the American chemical 
equipment, both for offence and defence, was manufactured on the 
detailed plans furnished by Great Britain or France; the available 
time was too short to allow full play to American genius for novelty 
and for magnitude of production. The necessity for co-operation 
brought large numbers of young and active American chemical 
officers to Europe; it gave those officers for eighteen months the 
entry to practically every chemical works of importance in England 
and France, and unrivalled opportunities for accurately judging 
European chemical methods and markets. These men have now 
returned to their ordinary scientific and technical pursuits in the 
States, and it cannot be expected that they have left behind them 
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the unique experience which they have gained of European condi¬ 
tions. 

We may anticipate that competition in pure and applied 
chemistry between Europe and America will become increasingly 
keener during the years to come. The competition is already 
intense, and gives little promise as yet of turning in our favour ; 
it is, in fact, difficult to see how many of the staple products of fin© 
chemical manufacture can hold their own in Great Britain against 
American competition under the conditions which arose during the 
first three years of the war. During these years peace production 
flourished in the States free from Government control, whilst in 
this country the establishment of a fine chemical industry in war 
time was naturally rendered far more difficult by State control of 
works, materials, and labour. The bearing of this may be made 
clear by an instance. The manufacture of “ saccharin ” was in¬ 
stalled in England after the outbreak of war, but the production was 
controlled in that the manufacturers were only permitted to sell at 
a profit of 10 per cent, on the cost, this profit being, in turn, subject 
to the excess profits tax; further, to prevent the economic difficulties 
which were foreseen if “ saccharin ” competed with sugar, the price 
of English-made “saccharin” was fixed at a figure which involved 
the very large addition of thirty shillings per pound to the price, this 
addition being appropriated by the Government. Simultaneously, 
“ saccharin 55 was manufactured free of all control in the States; it 
came into this country unrestricted and on such terms that the 
American producer took the thirty shillings per pound just men¬ 
tioned in addition to the considerable profit previously made by 
reason of lower cost of manufacture. America having thus been 
assisted by our Government to build up a large reserve of profits, is 
now actually selling " saccharin " in England at eleven shillings per 
pound—-a price at which it cannot be produced here—apparently 
with the legitimate trade purpose of destroying the English manu¬ 
facture and subsequently running up the price. 

Many cases may be quoted as closely analogous to that of " sac¬ 
charin,” notably in connexion with acetic add, glycerol, acetone, and 
methyl alcohol and their products, in which British procedure has 
facilitated profiteering in foreign countries during the war. The 
excess profits tax operated insidiously in tempting British manufac¬ 
turers to keep prices high so as to retain a margin with which to 
write off capital expenditure in spite of the tax; the foreign com¬ 
petitor, free from Government control of raw materials and, exempt 
from the excess profits tax, was able to take full advantage of the 
ruling high, rates. It will be of interest to see how the problems 
introduced by these actual occurrences are to be solved advantage- 
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ously for Great Britain in tlie great reconstruction upon which our 
administrators are now engaged. 

Sufficient has probably now been said in justification of the rapid 
appreciation of science, and especially of that branch of science 
with which we are particularly concerned, in the public and 
administrative eye. The sudden incidence of new scientific modes 
of military and naval attack and the quick improvisation and 
development of equally scientific means of reply, both of which 
have been so frequently exhibited during the past five years, must 
have seemed uncanny to the lay observer, who only realised the 
effects but did not understand the causes. 

At the present time, however, most Fellows of this Society have 
little leisure to reflect on the ghastly tragedy in which it has been 
our privilege to assist; the curtain has fallen upon this, but is rising 
again on the greatest epoch in the history of the world. The 
coming struggle for scientific and industrial position, on the results 
of which must rest the whole intellectual, artistic, and material 
future of our race, will call for longer, greater, more persistent 
and more intelligent effort than any which we have hitherto 
exerted. We are forced to consider whether we have reason to hope 
that the recent lessons have'been well brought home and whether 
the free play given to scientific creation and production during the 
last five years is to persist unhampered in the future. For purposes 
of war our administrators gave every incentive to scientific 
investigation; money, men, and material were provided for the 
asking, free from Treasury control, free, in fact, from all control 
other than that of the scientific worker able t and willing to organise 
and execute a necessary piece of work. 

I see no reason to think that the lesson has been properly learnt 
and every reason to anticipate a re-establishment of that parsimoni¬ 
ous treatment of scientific effort which seems now to belong to a 
past age, but with which we were all well acquainted five years ago. 
The control of scientific research is again leaving the hands of the 
scientific man and being resumed by the lay administrator. The 
old remark has been resuscitated quit© recently that “it is a 
common-place among administrators to fear the expert. 1 "' The non¬ 
technical administrator has no means of distinguishing the expert 
from the charlatan;, he has perforce to regard the scientific expert 
as the lineal descendant of the “ adept ” of alchemical times whose 
claim to recollection is based upon the adroitness with which he was 
able to divert public funds to his own base purposes. 

It is quite clear that if scientific research is to be assisted by 
the State—and unless so aided it will languish and carry with it 
into decadence every activity of the Empire—it must be adminis- 
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tered by men of scientific training and eminence; any otlxer mode 
of procedure will necessarily lead to the strangulation of scientific 
effort by departmental red-tape. In this connexion it is again 
instructive to refer to American practise; our blood-relatives across 
the Atlantic had three years in which to study in peace the efforts 
which we were making in war, and it cannot but be useful to 
observe the manner in which they propose to profit by our experi¬ 
ence. 

In 1916, President Wilson, a University professor and an expert, 
now one of the most imposing figures in terrestrial affairs, called 
upon the National Academy of Sciences at Washington to nomin¬ 
ate the members of a “ National Research Council ”; the object of 
this new organisation was stated to be that of co-ordinating the 
scientific work of the country in order that the scientific problems 
both of war and of peace-might be more efficiently solved. The 
National Research Council is under the presidency of one 1 of the 
most eminent among the active American, men of science, Professor 
George E. Hale, of the Mount Wilson - Observatory, and has large 
funds at its command for research purposes. Two points are con¬ 
spicuous in connexion with the American programme: 'first, the 
substitution of the professional lay administrator by the ordinary 
office staff; secondly, the recognition of the close interdependence of 
pure and applied science. The contention which has long been 
advanced in this country, that an adequate output of purely aca¬ 
demic chemical research work and the existence of a flourishing, 
fine chemical industry are mutually essential, is here tacitly ac¬ 
cepted; the former seeks in the industries remunerative positions 
for the products of its training, and the fine chemical industry looks 
to the scientific investigator for inspiration and new directions for 
enterprise. The nation which possesses an extensive organic chemi¬ 
cal industry controls chemical warfare, the production of pharma¬ 
ceutical and photographic products, the textile industry, and many 
other great departments of human activity. 

The operations of the great American organisation for the stimu¬ 
lation of scientific research work are already making themselves felt. 
They have produced just recently an entirely novel method for 
oxidising naphthalene to phthalie acid, presumably by the use of 
atmospheric oxygen and a catalyst, which gives a 95 per cent, yield, 
and are responsible for the huge nitrogen fixation scheme now under 
installation in the States. These two illustrations alone, the one 
small and, the other large, leave us in no doubt as to the influence 
which the National Research Council is destined to exert on scien¬ 
tific and technical progress throughout the world. 

If British science is to make itself adequately .felt in the great 
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intellectual and material advances of tlie near future, British men 
of science must be entrusted with the initiative power and the com¬ 
mand of money which they have enjoyed during the past few 
years; unless this is done our Empire will, as before, continue to 
fall behind other great nations as a contributor to the increasing 
mass of pure and applied scientific knowledge. 

In an address which I had the honour of delivering in this room 
a year ago attention was called to the necessity for closer co-opera¬ 
tion between the large Societies representing the various chemical 
interests in Great Britain. During the past year action has been 
taken in this matter, and some fifteen of the Societies have colla¬ 
borated in the establishment of a Federal Council for Pure and 
Applied Chemistry, the functions of which is to advance, safe¬ 
guard, and voice the interests of chemical science. The Federal 
Council consists of representatives nominated by the component 
bodies, and is already occupying itself actively with the questions 
within its purview; it has moved with some success in connexion 
with the claims of experimental science to recognition in the 
recently established scheme for education within the Army, with 
the provision of fine chemicals for research purposes, with the 
remuneration of scientific posts, and with other matters. The 
Federal Council will continue to apply itself to those questions 
which are of importance to chemists as a class leaving more specific 
chemical interests to be dealt witli by the appropriate constituent 
societies. A very similar project for the consolidation of the larger 
chemical interests is in course of execution by our French col¬ 
leagues. 

It is beyond question that a central house for accommodating the 
chemical societies in a manner more proportionate to their import¬ 
ance than is at present possible should be provided, that a common 
chemical library far more complete than any now available in this 
country should be at our service, and that some comprehensive 
scheme for the publication of compendia of chemical knowledge 
should be put into operation. A very imposing and costly pro¬ 
gramme confronts the recent amalgamation of chemical interests, 
but the universal approval which greeted the proposition for 
creating a Federal Council for Pure and Applied Chemistry is a 
happy augury for the future usefulness of the new organisation. 
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JOHN PERCY BATEY. 

Born March 22nd, 1889; Killed in Action April 9th, 1918. 

John Percy Batey, M.Sc.(Techu), was educated at the Manchester 
Municipal Secondary School, where he was awarded a three years 7 
scholarship to the Manchester School of Technology. He took the 
degree of R.Sc.(Tech.) in 1908 when nineteen years of age, and was 
also awarded the Schuster Research Scholarship. Twelve months 
later he was made M.Sc.(Teeh.). For a time he was lecturer and 
demonstrator, and in 1911 he became assistant to Dr. Liebmann, of 
Weybridge, where he remained until he enlisted in January, 1915. 

He joined the Public Schools Battalion, the Middlesex Regiment, 
transferring later to the Royal Engineers, and went to France in 
August, 1915. He was promoted to the rank of Company Sergfc.- 
.Major in September, 1916. In 1917 he was awarded the Belgian 
Croix de Guerre, and in 1918 the D.C.M. 

With regard to the D.C.M. the Gazette published the follow¬ 
ing: 

He volunteered on no less than eleven times in one month to 
conduct parties carrying rations and supplies over a very much 
exposed area that was being heavily shelled by the enemy to gun 
emplacements in the front line. The fine example of courage and 
devotion to duty of this warrant officer had-an excellent effect on 
the N.C.Q.’s and men of his company.’ 7 

F. B. 


LIEUT. CHARLES WILLIAM DICK. 

Horn April 10th, 1895; Died on Service November 9th, 1918. 

Lieut. Charles William Dick, R.A.F., died of pneumonia on 
November 9th last in Cliff Military Hospital, Felixstowe. Mr. Dick, 
who was the younger son of the late Mr. J. Dick, schoolmaster, 
North Shields, took 1st Class Honours in his Inter B.Sc. (London) 
on leaving Rutherford College, Newcastle-on-Tyne, in June, 1912, 
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and In the autumn of the same year gained an open science scholar¬ 
ship at Cambridge University and became a scholar of Trinity Hall 
in the autumn of 1913. He passed his final for the B.Sc.(Lond.) 
in 1914, and on completing two years’ residence lie postponed 
further study to become a chemist at Messrs. Curtiss’ and Harvey’s 
explosives works at Cliffe, near Chatham, and whilst there was 
elected a Fellow in 1917. He joined the Meteorological Section of 
the R.N.V.R. in April, 1918, and after completing his training was 
appointed meteorological officer at Felixstowe Air Station, and on 
the creation of the R.A.F. was transferred to its establishment in 
August, 1918. 

J. E. D. 


JAMES HECTOR BARNES, D.Sc. 

Born 1879; Died 1917. 

“ I am sorry to say X have been in very poor health all the summer 
and had to take six weeks’ leave in Kashmir this autumn; it was no 
holiday, however, for I spent four weeks of it in bed with an 
irregular pulse—-the old story of India, malaria, and, the doctors 
say, overwork. I hope to' come home next summer, for I do not 
think I can stand another Indian summer here without first having 
a rest in a decent climate.* I shall look you up then, and I hope 
you will be kind and put me in the way of being useful while at 
home on leave as I really cannot idle about.” 

These extracts are from a letter dated November 30th, 1916, 
received from Hector Barnes. He did not come home, and 
his prophecy was fulfilled; he did not stand another Indian 
summer, but at the age of thirty-eight, in the fullness of his intel¬ 
lectual powers, with high hopes and with great opportunities open¬ 
ing before him, he died in India. It is difficult indeed to. write any 
adequate record of the worth and work of such a man. The scien¬ 
tific work which he accomplished, had it been carried out in the 
most favourable environment, was such as any chemist might be 
proud to have to his name. But it was carried out under condi¬ 
tions which would only be met by a man of heroic temperament. 
Such a man Barnes in truth was. 

In the plains of Northern India, at Lyallpur, a remote station, 
on land recently transformed from a sterile desert into a luxuriant 
agricultural colony by the marvellous system of Indian irrigation, 
Barnes betook himself in 1906. Born in 1879, he had received his 
scientific training at the University of Birmingham, where he 



410 


OBITUARY NOTICES. 


studied chemistry and physics under Professors Erankland and. 
Poynting and graduated. B.Se. He had previously been appren¬ 
ticed to Messrs. Southall and Barclay, pharmaceutical chemists, and 
the experience of the practical conditions of manufacturing opera¬ 
tions which he there acquired no doubt added greatly to his equip¬ 
ment for the work that was in store for him. At Lyallpur lie held 
the' position of agricultural chemist to the Punjab Government and 
professor of chemistry in the Agricultural College, then at the stage 
of inception. He threw himself wholeheartedly into the work of 
designing the chemical laboratories, and in 1908 his responsibilities 
were increased by his appointment as Principal of the College. A 
year later the College was open for the reception of students. There 
was an immediate response, as there is to every new educational 
enterprise in India; but when it was found that the College was 
not, as it was expected to be, a certain path to Government service, 
the numbers fell with great rapidity and any belief that there was 
widespread zeal among neighbouring landowners for agricultural 
science could not be sustained. Barnes, however, had cherished no 
illusions, and he knew from the first that the foundation on which 
lie must build was sound scientific research addressed as directly 
as possible to vital questions of Indian agriculture, and to this he 
and his colleagues bent their energies. It is not easy to give an 
idea of what that meant. The physical obstacles imposed by the 
climate and ever-recurrent sickness, the isolation from the scientific 
world and from the meagre supplies of apparatus anywhere avail¬ 
able in India—these alone might daunt a strong man. Add thereto, 
only in a more intense form, what we. have in England—Govern¬ 
ment officials in authority whose “humanisation” has precluded 
the slightest knowledge of what science is, what it does, and how 
it can be applied to do more—and it may be understood, that it 
is only the very exceptional man who can succeed. This 
Barnes did in the most conspicuous degree. Standing in the 
laboratories at Lyallpur after some hours 1 journey from Lahore 
through great tracts, of solitude and finding apparently all 
the resources of a European university science department and 
men busily engaged in employing the experimental methods of 
modern physical chemistry in the elucidation of fundamental 
problems in agriculture, the greatness of the achievement was very 
striking to the imagination. Within a stone's throw were the mud 
walls of an Indian village with its population living unchanged 
in the beliefs, the thoughts, the habits of life and work that 
belong to distant centuries of the past. 

The chief lines of work on which Barnes was engaged.were salt 
lands and their reclamation; seepage: and the rising of ground water- 
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level under irrigation conditions; the sugar can© and the sugar in¬ 
dustry in the Punjab; the intensity of solar radiation; the Kangra 
tea industry; the chemical aspect of weevil attacks upon wheat. It 
is to be feared that his published papers and records will give no 
adequate idea of the comprehensive plans which he had in his mind 
in relation to the elucidation of these problems. He talked of them 
eagerly and in the most interesting way, showing at once his sound 
knowledge of fundamental science and his appreciation of practical 
conditions. Pie had erected a workshop and turned out from it 
many of the fine tools required in his work, and his laboratory 
methods exhibited the play of great experimental skill and resource. 
Space does not admit of any extended account of these investiga¬ 
tions, but a little more may be said of one of them. On his last visit 
to Lyallpur in 1914 the writer was taken by Barnes to Narwala. 
This spot is twelve miles distant from Lyallpur,, and is, or was, 
infertile salt-land, that is, land which owing to triumph of evapora¬ 
tion over rainfall has become impregnated with a variety of salts, 
carbonates, chlorides, and sulphates, especially of sodium, calcium, 
and magnesium, evident as a crust of “ white alkali ” or “ black 
alkali ” upon the soil. This condition of soil has been the subject of 
much study in America, but Barnes believed that the work had 
“failed to prove useful and practical for want of a better knowledge 
of the scientific principles of the causes of sterility. If such causes 
had been, first investigated time and money would have been saved, 
and in the end the practical result would, as it always does, justify 
the scientist.” Accordingly, Barnes set himself to study as closely 
as possible the physical, chemical, and biological aspects of the 
problem. Having satisfied himself of the principles involved, lie 
applied himself to the practical problem of redeeming the land at 
Narwala, and at the time of the visit referred to a tract of infertile 
land was being mole drilled. Leaving fields where the leisurely 
ryot' was urging his bullock to pull the wooden plough and gently 
scratch the surface soil, one passed to the Narwala tract where a 
Yorkshire artisan was found in contest, doubly bitter to him by 
the futility of his native tongue, with native inaptitude in dealing 
with a steam-driven mechanical monster from Leeds. The plan was 
to mole draiii the land and then irrigate out so much of the salts 
as was shown by Barnes’s biological methods to be Hecessary. The 
results of this trial were extraordinarily successful, and it is scarcely 
possible to believe that the luxuriant crops (of which photographs 
afterwards arrived) can have been grown on what was just before 
the war a stricken desert. Barnes in the end estimated that the 
system of reclamation would pay between 300 and 400 per cent, on 
the capital outlay, and its general application would, of course, add 
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millions to the ’wealth of India. He was proposing also to apply 
the system to non-irrigated areas by the use oi water pumped from 
the subsoil. * 

In 1914 Barnes married Nora, daughter <of the late Colonel 
Francis Thomas Steven, Indian Army. 

As soon as the war began he bestirred himself to bring into action 
all the scientific and material resources that India could supply, but 
it is impossible at present to quote his important observations on 
this subject. 

Shortly before his death Barnes, not without some reluctance on 
his part, left Lyallpur to take up at Pusa the post of chief agricul¬ 
tural chemist to the Government of India. "What he might have 
accomplished from, there it is idle to conjecture, but the thought- 
of it only deepens the sense of calamity both to* India and to Science 
that surrounds his untimely death. 

Barnes was every inch a man and an Englishman. When the 
writer first saw him he had just come from among his students in 
the playing fields and was in football attire, a splendid figure of a 
man, eager, resolute, honest, and kindly. Be was beloved by his 
students and colleagues and respected by everyone. In summing 
up liis qualities in our mind it is impossible not to be struck with 
the strength and number of endowments that are needed to produce 
the* type of man who is to be the true pioneer of progress in India— 
endowment of body, mind, and spirit. Happily, such pioneers 
have been found in the past. They will long be needed in the 
future of India, and it is difficult to think of any better service 
to mankind than is open there to those who can bring themselves 
to the standards that ruled the life and work of Hector Barnes. 
At Lyallpur his portrait and an annual prise have been set up to 
preserve his memory, and shortly before his death he was made a 
Doctor of Science of his University of Birmingham. His work and 
influence will endure in many fields and many hearts. 

A. S. 


GEORGE CAREY FOSTER. 

Born 1835; Died February 9th, 1919. 

In the death of Professor Carey Foster in his eighty-fourth year 
bn February 9th, there are many who will feel the loss of a kind 
and generous friend, to whose gentle sympathy and encouragement 
much of the happiness, as well as much of the success, of their 
own lives has been due. A man of extreme modesty and of high. 
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if not commanding ability, Carey Foster had made few direct con¬ 
tributions to scientific literature; but the soundness of his 
judgment, his almost passionate love of exact knowledge, and his 
enthusiasm, earned the respect of all, and made his presence invalu¬ 
able on the many committees of learned societies, the British 
Association, and the -various university boards of which he became 
a member. An extreme diffidence and a nervous shyness that 
was not without a peculiar charm to those who came to know him 
well, as well as a hesitation to express a definite opinion on subjects 
on which he did not feel on the firmest ground, made it easy to 
undervalue the services he rendered to science and education during 
the course of a long and active life. 

George Carey Foster was the only son of George Foster, a calico 
printer and a Justice of the Peace for Lancashire and the 
West Riding of Yorkshire, and was born at Sabden, in Lanca¬ 
shire, in 1835. After an early education at private schools, he 
entered as a student at University College, London, where his 
studies were at first mainly directed to chemistry. He graduated 
in Honours and with a prize in chemistry in his twentieth year, 
and acted for some years as chemical assistant to Professor 
Alexander Williamson, who had then occupied the Chair of Chem¬ 
istry for six years, and a warm attachment and regard sprang 
up between the two men. He left England in 1858, and spent 
some years in study at the foreign Universities of Ghent, where he 
was a student under Auguste Kekule, at Paris, and at Heidelberg. 

At this time, however, while he continued his chemical studies, 
his interest became more and more directed to physical science, 
which was then assuming a position of increasing importance 
through the work of such men as Clausius, Lord Kelvin, and Clerk 
Maxwell, and it was natural that the refined accuracy of physical 
measurements and the readiness which they admitted of mathe¬ 
matical treatment should have presented a strong attraction to a 
man of his type of mind. The first evidence of his new interest 
was the appearance m 1863 of two articles on “Heat” in the first 
edition of Watts’s Dictionary of Chemistry.” These articles, 
extending together bo more than 150 pages of closely printed 
matter, formed an admirably concise and critical statement of the 
position of an important branch of science, and at once established 
Carey Foster’s reputation as a clear thinker and able exponent of 
physics. 

In the meantime, in 1862, Carey Foster had accepted an invita¬ 
tion to assume the duties of professor of natural philosophy at 
the Andersonian University, Glasgow, and in 1865 he was 
encouraged by his friend and former teacher, Williamson, to 
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become a candidate for the vacant professorship of experimental 
physics at University College. His election was mainly clue to the 
high reputation he had established as the author of the articles 
in Watts’s Dictionary, and in October, 1865, he entered on his 
career at the London College, of which he was elected a fellow 
in 1867, and with which his name will always he associated. He 
resigned his professorship in 1898, at the age of sixty-three, hut 
was recalled to act as principal of the college for a period of four 
years from 1900, during a critical time in its history. The last 
years of his life were spent in the quiet and refinement of a country 
life on a small estate at Rickmansworth, although, until quite 
near the end, he was always ready to* place his services at the 
disposal of the educational causes .that had been so near his heart 
in former times. He became a Justice of the Peace for Hertford¬ 
shire, and took an interest in politics, in which he was a supporter 
of the Liberal Party. Towards the end of 1917, after the death 
of his wife, he began to feel the* weight of advancing years, but 
up to within two* weeks of his death he was at work on manu¬ 
scripts submitted to him for publication in the Philosophical 
Magazine. At the end of January of the present year he had a 
slight attack of congestion of the lungs, which his heart was not 
strong enough to resist, and, after gradually becoming weaker, he.^ 
passed away in the presence of his children on February 9th. 

Garey Poster’s contributions to chemistry were published between 
1857 and 1867. The writer, who is profoundly ignorant in 
chemical matters, is indebted to his friend, Dr. Forster Morley, for 
the following summary of these researches. Dr. Morley was 
engaged in. several physical researches under the direction of Carey 
Foster while a student at University College, and was intimately 
acquainted with him during the remainder of his life. 

"The first paper by Carey Foster appeared in the notes and 
abstracts appended to the British Association Reports for 1857. 

It is entitled ‘ On suggestions towards a more systematic nomen¬ 
clature for organic bodies.’ Gerhardt having introduced the terry. 
homologous to denote that two carbon compounds differed in theL / 
formulae by OIL or a multiple thereof, Foster now proposed a ne' / 
adjective, isologous , to indicate a difference of H 2 or a multiple 
of H 2 . This adjective is still employed to denote the difference. 
He further suggested words composed of two Greek numerals, the 
first of which related to homology and the second to isology. Thus 
dcutritic would mean 'belonging to the second homologous series 
and the third isologous series.’ This suggestion, together with 
many other ingenious proposals for new nomenclature, did; not 
receive support from other writers. V 
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“ In 1859 Carey Poster presented a preliminary report to the 
British Association £ On the Recent. Progress and Present State of 
Organic Chemistry ’ (Rep. Brit. Assoc., 1859, 1), This was a 
review of recent work, particularly from the point of view of the 
development of ideas about formulae. 

'“In the Chemical Society’s Quarterly Journal (1860, 13, 235) we 
find a paper ‘On Acetoxybenzamie, an Isomer of Hippuric, Acid,’ ■ 
by Gr. C. Foster. It is dated Ghent, 1860, and is an account of a 
very careful piece of work carried out under the direction of Pro¬ 
fessor Kekule, and describes the first preparation of m-acetylamino- 
benzoic acid, which is shown to be related to hippuric acid, from 
which it might, in imagination, be derived by an interchange 
between the radicles of benzoic and acetic acids. 

“A paper published in 1861 ‘OnPiperic and Hydropiperic Acids ’ 
appeared in the Chemical Society’s Journal (1862, 15, 17; also 
in Rep. Brit. Assoc., 1861, 78, and Ammlen, 1862, 124, 115). 
In this it is shown that piperic acid, C ia H 10 O 4 , is reduced to hydro¬ 
piperic acid, Cj 2 H 12 0 4 , and a large number of the salts of the latter 
are described. 

“ The most important chemical work carried out by Carey Foster 
is contained in three papers published in conjunction with 
Matthiessen. The first is entitled ‘Preliminary Notice of 
Researches into the Chemical Constitution of Narcotine,’ and was 
read before the Royal Society in 1860 (Proc. Roy. Sac., 1861, ii, 
55 ; Phil. Mag., 1861, [iv], 22, 398). In this the authors establish 
the formula C 22 H 23 0 7 N for narcotine, and show that this alkaloid 
gives off methyl iodide when heated with hydriodic acid. The 
oxidation of narcotine to opianic acid is discussed, and the formula 
for opianic acid, C 10 Hj 0 O 5 , correctly determined. It is also shown 
that, on heating with concentrated potash, opianic acid can be 
neatly split up into meconin and hemipic acid. A new acid, 
eotarnic acid, was obtained by the gentle' oxidation of cotarnine. 

“The second paper on this subject, entitled ‘Researches into the 
Chemical Constitution of Narcotine and of its Products of Decom¬ 
position,’ was published in 1863 (Phil. Tmws.,1863, 345; an 
abridgment is given in J. Chew,. Soc., 1863, 16, 342). The 
authors here describe how, by acting on hemipic acid with hydr¬ 
iodic acid, an acid, C 7 H 6 0 4 , which they call ‘ hypogallic acid,’ but 
which is now known as protocatechuic acid, is obtained. As an 
intermediate product they isolated ‘methylhypogallic acid,’ now 
called ‘ isovaleric acid.’ 

“The third paper is entitled ‘Researches into the Chemical Con¬ 
stitution of Narcotine and its Products of Decora position, Part 
II/ and was read before the Royal Society in 1867 (Proc. Roy,. 
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Sac., 16 , 39; J. Chcm. Soc., 1868, 21, 357). It is shown that 
opianic acid, when heated with hydrochloric or hydriodic acid, 
forms methyl chloride or iodide, and a new acid, 'methylnoropianic 
acid/ C s) H 8 0 5 . Thus, opianic acid may be called dimethyl- 
noropianic acid. Methylnoropianic acid yields with nitric acid 
nitromethylnoropianic acid. Meconin, on heating to 100° with 
concentrated hydrochloric or hydriodic acid, yields methyl chloride 
or iodide and methylnormeconic acid, or, rather, methyl- 
normeeonin, C 9 H 8 0 4 . By similar means, narcotine can be con¬ 
verted into methylnornarcotine, C 20 H 19 O 7 N. 

“ These three papers by Foster and Matthiessen made a long step 
forward in the knowledge of the constitution of the alkaloids, and 
may, indeed, be termed classical. The accuracy of the work has 
been amply confirmed by subsequent investigation. 

“AVhile this work was in progress, Carey Foster published two 
papers, entitled 'On Chemical Nomenclature, and chiefly on the 
Use of the Word Acid.’ Both appeared in 1865 (Phil. Mag., [iv], 
29, 262; SO, 57). In these he protests against the word acid 
being used to denote an oxide, and recommends that S0 3 be called 
sulphurous oxide, S0 3 sulphuric oxide, and C 4 H 0 O 3 acetic oxide. 

“In 1869 Carey Foster took part in a discussion on the atomic 
theory, held at the Chemical Society, the subject having been 
introduced in a lecture by Professor A. W. Williamson. An 
account of the discussion will be found in the Chemical Society's 
Journal for 1869. 

“Carey Foster's work in chemistry shows that if he had decided 
to devote himself to that science he would have taken a dis¬ 
tinguished position among his colleagues. He was a member of 
the Council of the Chemical Society from 1865 to 1868, again 
from 1872 to 1875, and again from 1885 to 1886, and Viice-Presi- 
dent from 1888 to 1890. His Fellowship of the Society dates 
from 1856." 

During the early years ah University College, Carey Foster made 
a number of contributions of minor interest to scientific journals, 
but his first important paper, “ On a Modified Form of Wheat¬ 
stone’s Bridge, and Methods of measuring Small Resistances," was 
read before a meeting of the Society of Telegraph Engineers in 
1872 (Telegraph Engineers' Journal, 1872—1873, 1, 196). 

Previous to this date, Wheatstone’s bridge had provided electricians 
with a convenient and. fairly accurate method for comparing 
resistances, and, as is well known, the result of the experiment 
expresses the ratio of one resistance to the other. Carey Foster, 
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however, so modified the bridge method that the difference between 
instead of the ratio of the resistances was determined. The 
advantage of the change is only apparent where the resistances to 
be compared are of ^nearly equal value, as is generally the case, for 
instance, in the testing of standard coils; but where this condition 
is fulfilled, the new method transformed the bridge method from 
being merely a fairly accurate means of measurement into one of 
the most refined accuracy, comparable with that attained in the 
use of a sensitive balance. It also supplied the means of dealing 
with a very small resistance, such as that of a short, thick wire, by 
determining the difference between it and the zero resistance of a 
short copper bar, and it was, indeed, for this alone that the method 
was first suggested. Carey Foster’s method has proved of the 
highest value to the science of exact electrical measurement, and 
has made it possible to issue standards of electrical resistance of 
an accuracy that would otherwise have been impossible of attain¬ 
ment. Alike in its simplicity and its refined accuracy, the method 
is thoroughly characteristic of his mind. He further showed how 
the principle involved might be applied to the important process 
of calibrating the wire of the bridge. 

In 1881 Carey Foster published “An Account of Preliminary 
Experiments for the Determination of the Electromagnetic Unit 
of Resistance, in Absolute Measure” (Rep. Brit, Assoc., 1881, 
426). The accurate determination of this important unit had been 
undertaken by the British Association in 1863, and the value that 
had been accepted in this country, as well as widely in other parts 
of the world, was expressed in the “B.A. unit of resistance,” the 
value of which had been determined by a Committee of the Associa¬ 
tion consisting of Clerk Maxwell, Fleeming Jenkin, and Balfour 
Stewart. The classical method of experiment adopted by the Com¬ 
mittee consisted in revolving a large, flat, closed coil of insulated 
copper wire about a vertical diameter in the earth’s magnetic field 
and measuring the consequent deflexion of a magnet suspended 
at its centre. The deflexion was due to the induced current 
developed in the coil, and this depended on its resistance as well 
as on the intensity of the earth’s magnetic field. The last, how¬ 
ever, affecting the induced current and the deflexion equally, 
although in opposite senses, disappeared in the final equation that 
expressed the result of the experiment, leaving a relation between 
the resistance of the coil, its geometrical form and. dimensions, and 
the speed of its revolution. 

During the years that had elapsed since the Issue of, the B. A. 
unit, the results of other measurements had led to a growing con¬ 
viction that it was appreciably too small, and Carey Foster 
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described an experiment in which, whilst the general principle of 
the British Association experiment was maintained, it was modified 
in an important detail. The two ends of the wire composing the 
coil were unconnected throughout the greater part of its revolu¬ 
tion; but for a short interval, the centre of which coincided with 
the transit of the plane of the coil through the magnetic meridian, 
they were placed in connexion through sliding contacts with the 
two ends of a standard resistance coil that formed part of an 
“ auxiliary ” circuit in which a steady current was maintained by 
a thermopile. By the principle, originally applied by Poggen- 
dorff in the potentiometer, no current is developed in the coil if 
the electromotive force developed in it by its rotation in the earth’s 
magnetic field is equal to the fall of potential between the two 
points in the auxiliary circuit with which it is connected, this 
being the product of the current supplied by the thermopile and 
the .resistance of the standard coil, and the method of experiment 
consisted in so regulating the current of the thermopile that the 
deflexion of a sensitive galvanometer included between the 
revolving coil and one of its points of connexion with the auxiliary 
circuit should disappear, whilst at the same time the deflexion of 
the magnet of a tangent galvanometer included in the auxiliary 
circuit was recorded. The general principle is simple, and a rela¬ 
tion is readily established between the resistance of the standard 
coil, the deflexion of the magnet of the tangent galvanometer, the 
geometrical form and dimensions of the revolving coil, and its 
speed of revolution. 

The chief refinement that Carey Poster hoped to effect in this 
modification of the original experiment consisted in the possibility 
of the direct determination of the resistance of the standard coil. 
In the original experiment, the resistance determined was that of 
the revolving coil, and the resistance of the standard could only 
be obtained by subsequent comparison. To obtain the maximum 
induced current, it was essential that the revolving coil should be 
wound with copper wire, and as the resistance of copper with that 
of all pure metals is seriously affected by changes of temperature, 
it was necessary that the temperature of the coil should be known 
with great accuracy during the time that the experiment was in 
progress, a very delicate matter. In Carey Poster’s method, how¬ 
ever, the resistance of the standard coil was directly determined 
while it formed, a part of a fixed, and independent circuit. The 
wire composing it might equally well be of copper or of one of 
the many alloys the resistances of which are scarcely affected by 
changes of temperature, whilst it was an easy matter to determine 
its temperature with great accuracy; Further, the new method 
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reduced the correction for the self-induction of the revolving coil, 
an important and rather delicate detail in the original experi¬ 
ment, to insignificant proportions, but, at the same time, it un¬ 
fortunately introduced the necessity of taking its capacity into 
consideration, a feature that Carey Foster did not probably at 
first realise. 

The apparatus for carrying out the experiment was constructed 
with great refinement, and was erected at University College, and 
a series of preliminary experiments were made by Carey Foster 
with the assistance of Mr. G. W. von Tunzelmann. These experi¬ 
ments showed that the method was capable of yielding consistent 
results, and there is no doubt that a far higher consistency would 
be possible if they were repeated in a modern laboratory more 
completely removed from the disturbing magnetic influences of 
large masses of iron of continually varying temperature. The 
results were not, however, sufficiently consistent to satisfy the 
critical judgment of Carey Foster, and the experiment was aban¬ 
doned. Whilst they were in progress, Lord Kayleigh and Professor 
Schuster were engaged in repeating the original experiment, adopt¬ 
ing precautions that experience of the intervening years had been 
shown to be necessary, and in 1882 they published an account of 
their experiments, and during the next ten years independent 
evidence supplied by other methods has shown the value they 
obtained to be a close approximation to the truth. 

In 1886 Carey Foster contributed a paper to the Physical Society 
of London “On a Method of determining Coefficients of Mutual 
Induction 5 ’ (Phil. Mag., 1887, [v], 23, 121—129), the method de¬ 
pending on the comparison between the coefficient of mutual induc¬ 
tion of two coils and the capacity of a condenser. On forming or 
breaking a current in one of two coils, the primary, a discharge of 
electricity takes place through a neighbouring, secondary, coil, the 
discharge being determined by the coefficient of mutual induction 
of the two coils ; also, if the coatings of a condenser are connected 
to two points of the primary circuit, a charge, proportional to the 
resistance of that part of the circuit that is included between the 
two points of connexion, enters the condenser, and will be dis¬ 
charged on the cessation of the primary current. To combine 
these two examples of “ ballistic ” discharge, Carey Foster succeeded 
in so connecting the two circuits that, on the break of the primary 
current, the condenser was discharged through the secondary circuit 
in the opposite direction to that of the induced discharge, and on 
varying the charge of the condenser by regulating the resistance 
between the points of its connexion with the primary circuit, its 
discharge and that of the induced current neutralised one another. 
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The disappearance of discharge in the secondary was indicated by 
a galvanometer, and a simple relation was given between the 
coefficient of mutual' induction of the coils and the capacity of 
the condenser. The capability of the method had been thoroughly 
tested at University College by Mr. F. Womack, and it had been 
shown to be capable of yielding results of a high order of accuracy. 
Carey Poster’s method of determining the coefficient of mutual 
induction between two circuits has taken its place among the 
accurate methods of electrical measurement. 

In 1876 Carey Poster devised a method, based on the principle 
of Wheatstone’s bridge, of tracing the equipotential curves in a 
sheet of tinfoil conveying an electric current, and in collaboration 
with Sir Oliver Lodge he published two papers, “ On the Plow of 
Electricity in a Plane Conducting Surface” (Proc. Phys. Soc. 
London , 1876, 1, 113, 193), in which this method of experiment 
was adopted. A further paper by Carey Poster and the present 
writer, “On the Difference of Potential required to give Sparks 
in Air,” was presented to the Physical Society in 1884 (Ghem. 
News , 1884, 114). In the method of experiment adopted in this 
research, potential differences were measured by a modified form 
of absolute electrometer that had been designed by Carey Poster 
and that was found to supply an accurate method for measuring 
potential differences necessary to produce sparks of from 0*1 to 
5 cm. in length. 

Among Carey Foster’s other publications were further articles 
on “ Heat,” “ Thermodynamics,” “ Electricity,” and “ Magnetism ” 
in later editions of Watts’s “Dictionary of Chemistry,” and in 
these he fully maintained his reputation for accuracy, clear judg¬ 
ment, and power of scientific exposition. In later years he pub¬ 
lished a text-book on electricity in collaboration with Professor 
A. W. Porter. 

Carey Poster became a member of the British Association in 
1857, and continued to take an active part in its proceedings until 
late in life. Besides his direct contributions, to which reference 
has already been made, he was a member of a number of its com¬ 
mittees, the more important of which were those on “Standards 
of Electrical Resistance,” “The Selection and Nomenclature of 
Dynamical and Electrical Units,” “The State of Knowledge of 
Spectrum Analysis/’ and “Electrolysis.” As President of the 
Mathematical and Physical Section in 1877, he gave an address 
on “The Mutual Relation between Mathematics and Physics,” in 
which he dwelt on his favourite theme of the importance of accurate 
measurement as the foundation of discovery in science. He was 
Treasurer to the Association from 1888 to 1904. He was one of 
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the founders of the Physical Society of London, the first meeting 
of which was held in 1873, and of which he was President for two 
years from 1887. Pie acted as President of the Society of Tele¬ 
graph Engineers, now the Institute of Electrical Engineers, in 
1880 and in 1881. He was elected to the Fellowship of the Royal 
Society in 1859, acting as one of its Vice-Presidents from 1891 to 
1893, as well as from 1901 to 1903, and he took a keen interest in 
the work of Kew Observatory Committee of the Society. He 
received the honorary degrees of LL.T). from Glasgow and D.So. 
f mm Manchester. 

From the first, Carey Foster took a deep interest in the reconsti¬ 
tution of the University of .London. Whilst fully recognising its 
services to education in its earlier days, he was sensible, of the 
grievous anachronism by which the University of the greatest city 
of the world should continue to be solely engaged in examining 
and in conferring degrees. He had a high ideal of a university 
as a body of men and women earnestly engaged in the pursuit 
and extension of knowledge rather than in preparation for ex¬ 
aminations, and he strove without, ceasing to bring about the 
foundation of a university in London that should be worthy of it. 
He was an active member of the many early committees the aims 
of which were a constructive, policy that should achieve his ideal, 
and he felt keen disappointment when the conflicting of many 
interests made it impossible of full attainment, in the present 
university, although it received his full and loyal support, He 
never ceased, however, to look forward to a time when, by further 
reconstruction, London should possess a university fully worthy of 
its position, and lie welcomed Lord Haldane's Report as indicating 
the possibility of a further step in this direction, and possibly its 
full attainment. 

The writer is indebted to Sir T. Gregory Foster, Provost of 
University College, for a sketch of Carey Foster’s work while act¬ 
ing* as Principal of the College from 1900 to 1904. 

“ Dr. G. Carey Foster resigned the Quain Chair of Physics in 
1898. It was a time of crisis in university' affairs. in London, as 
the reconstitution of the University was pending*. 

“ In view of the impending reconstitution, the Council of Uni¬ 
versity College appointed a special committee to consider the posi¬ 
tion of the College. On the recommendation of this committee, 
the office of Principal, later changed to Provost, of the College was 
instituted. Dr*. Carey Foster was invited to be the first occupant 
of this office. He held it from 1900 to 1904. 

“In his capacity of Principal, he was appointed to represent 
University College on the Senate of the University under its new 

VOL. CXV. R 



OBITUARY NOTICES. 


■I 22 

cojuriitatiou. He threw liimse.lt' heartily into the new problems 
that arose, and brought to them, all his ripe judgment and 
experience. 

“It soon became evident that the new constitution, under which 
the University was given a teaching side as well as an examining- 
side, made it desirable that University College, which had been 
originally founded to be the University of London, should be 
merged into the reconstituted University. Dr. Carey Foster took 
an active share in the negotiations that led up to the incorporation 
of the College in the University. He regarded it as ‘a step towards 
securing unity of aim and interest in all that relates to advanced 
education and the promotion of original research in London/ 
He hoped that it was the beginning of a movement that would lead 
to the concentration and the consolidation of university work in 
London. 

“ This view is expressed in the final paragraph of his sketch of 
the History of University College, which is as follows: 

“ ‘ The step taken by University College has been followed by 
King’s College, which was incorporated in the University on 
September 1st, 1909. It may be hoped that similar action will 
be taken by other analogous bodies, and that in course of time the 
University of London, perhaps with some modification of its 
present constitution, may become a centre about which the various 
bodies in London that are qualified to take part in university work 
may be united into a single organised system, in which they shall 
supplement instead of competing with each other, each doing 
the work for which, by its special circumstances, it may be best 
fitted. 5 

“During the four years of his Principalship, great progress was 
made in various directions in the reorganisation and development 
of university work in London. The plans for the removal of 
University College School were matured. The buildings formerly 
occupied by the School-were, as a consequence, set free for mini* 
versify purposes. The accommodation provided at University 
College for university work was materially increased. There was 
a rapid growth in the intellectual and social activities of the 
College, and in these Dr. and Mrs, Carey Foster took a prominent 
share. 55 ■ 

At an early period of his work at University College, Carey 
Foster recognised the importance of practical work in physics as 
an essential element in scientific education. The first physical 
laboratory for students had been opened by Magnus at Heidelberg 
in 1846, and it was followed in 1863 by the addition of a physical 
laboratory io the University of Berlin. From 1845, Lord Kelvin 



OBITUARY NOTICES. 


42.1 

had invited his senior students to work in his laboratory, for a 
time a disused wine cellar, at Glasgow, and his example was 
followed by Carey Foster, who thus introduced the teaching of 
practical physics in this country. At the beginning, this work 
formed no recognised part of the College curriculum, but regular 
practical courses in physics were arranged in 1867, the laboratories 
at that time consisting of two of the College rooms, only one of 
which was fitted with benches. Later, a third room in the base¬ 
ment, known as the “ dungeon”—it was indeed a veritable 
dungeon—was added, and the privilege of working in it was 
reserved for the professor and students engaged in research. For 
some years, the only apparatus available was of the simplest 
character, but instruments were being constantly designed by Carey 
Foster himself, whilst the designs were executed by a clever Scotch 
mechanic, William Grant, who acted as his assistant during the 
whole time of his professorship, and without whom no reference 
to the laboratory would b© complete. Grant, who was quite a 
character in his own dour way, became a permanent feature of the 
Physical Department. His love of the apparatus, so much of 
which he had constructed, and the agony he experienced in seeing 
it misused, made him a source of terror to all students other than 
those few who proved themselves worthy to be entrusted with it; 
whilst many will remember with humiliation his lofty refusal of 
the tip that was occasionally offered, either from gratitude or from 
a desire to acquire merit. He was of the most faithful of servants, 
and was devoted to Carey Foster, whilst each regarded the other 
with a simple affection of which both alike were worthy. .Sir 
Oliver Lodge, who was a student in the laboratory in those days, 
and who later became Assistant Professor of Physics at the College, 
has rendered a grateful as well as a graceful tribute to the educa¬ 
tional value of the work done in the old physical laboratory of 
University College (Letter to Nature , December 3rd, 1908). 

In the years that followed, physical laboratories for students 
were opened at other colleges, and it was inevitable that, as many 
of these were attached to new institutions in which it had - been 
possible to design the buildings with a view to their subsequent 
use as laboratories, the simple equipment at University College 
should have been left behind. Carey Foster, in consequence, con¬ 
tinually urged the governing body of the College to undertake the 
building of a physical laboratory that should be worthy of its tradi¬ 
tions, although, no doubt by reason of financial considerations, 
his representations were for a long time without success...' At 
length, however, he had : the satisfaction of preparing the plans 
for the present laboratories, which were opened to students in 
; R 2 
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Professor of Physics. There was an old asphalted tennis court 
within the College walls from which some of us have often returned 
in exhilaration, although with begrimed hands and flannels, and 
now only lives in memory; the building that now occupies its 
former site is the “Carey Foster” Laboratory. 

His nervous manner prevented Carey Foster from ever becoming 
a good lecturer, and his failure in this respect was perhaps due, in 
addition, to a conscientiousness that made it difficult for him to 
be content with a simple statement that he knew to be only an 
approximate expression of a truth, and at the same time made 
him reluctant to adopt the customary method of illustrating 
physical laws by the use of simple, although entirely imaginary, 
experimental data. In place of these, his illustrations would often 
consist of the actual results of laboratory measurements, and the 
younger students, unless they were of a rather exceptional type, 
were apt to lose both attention and interest in the details of 
laborious computation. The more able students, however, were 
inspired by this very quality in their teacher. They grew to rever¬ 
ence exact expression and to regard it as the foundation of all 
scientific knowledge. They continually brought their difficulties 
to the Professor, and were encouraged to do so by his unlimited 
patience in dealing with them. It was not unusual to find Carey 
Foster surrounded- by a small group of students engaged in close 
discussion, half an hour after the close of a lecture, although the 
dining-room had long since claimed the attention of the rest of 
the College. 

The same quality of enthusiasm for his work and his infinite 
patience in dealing with its smallest details appeared in his work 
in the students’ laboratory. He never found lecturing easy, but 
after having given a lecture in the morning and having a further 
lecture for senior students in prospect at the close of a long after¬ 
noon, he would frequently come to the help of some duffer in 
difficulties in the laboratory, and would devote the best part of an 
hour to the details of a simple -experiment im physical measure¬ 
ment. On these occasions, indeed, there was a danger of his being 
led by his own love of accurate 'detail, not only to conduct the 
whole experiment himself, making all the observations, but to 
carry out whatever computation might he involved, while the 
student looked on wonderingly, as from a distance. It may be 
that some who have worked in the old laboratory at University 
College in those days have preserved the scraps of paper covered 
with logarithmic calculations that Carey Foster often left on the 
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benches, all executed in his wonderfully neat writing, as a memento 
of the most patient o-f teachers and most lovable of men, but such 
prescience is rarely bestowed on youth. 

His nervousness made conversation with Carey Foster difficult, 
even to those who came to know him intimately. Whilst, how¬ 
ever, it remained a source of some embarrassment to them, his 
friends came to regard it as so essentially a part of him that it 
too became lovable, and they •would have felt still more embarrassed 
if he had suddenly succeeded in overcoming it. Closely associated 
with his manner was a quaint and entirely original sense of pure 
humour, that found frequent opportunity for expression both in 
liis professional work and in his private life. That his nervous¬ 
ness and hesitation did not arise from any defect in character 
would be shown, were any such evidence necessary, from, his letters. 
In these, Carey Foster found no difficulty in expressing himself 
with perfect clearness and precision, whilst both were emphasised 
by the beauty and strength of his handwriting. It was in his 
letters, perhaps, that his quaint humour found its best opportunity 
for expression. Through the kindness of Mrs. Minchin, the writer 
has before him a number of letters written by Carey Foster to her 
husband, the late Professor G. M. Minchin, which are so character¬ 
istic that little apology is necessary for the introduction of a few 
short extracts. A close friendship existed between Carey Foster 
and Minchin, and in their unassuming simplicity and gentleness 
there was much resemblance between the characters of the two 
men. Carey Foster had a profound respect for Min chin's mathe¬ 
matical powers, and consulted him when he felt a doubt as to his 
own grasp of the mathematical treatment of a physical problem, 
■whilst Minchin had an equally defep regard for Carey Foster as an 
authority on physical matters, and has expressed his regret to the 
writer that Foster’s nervous manner, together with, his extreme 
modesty, should have made it difficult for some, even of his friends, 
to realise his true greatness. 

The first extract is from a letter dated 1882: 

“ My dear Minchin, 

“ The lesson of the day touching electric endosmos© is written 
in the First Book of Wiedemann, beginning at the 392nd verse of 
the second chapter . . . wherein it is written how the ions do 
wander when a current passeth through their midst. .This, I take 
it, is the whole secret of electric endosmos©; the porous diaphragm 
causeth not the flow, hut maketh the same manifest by hindering 
the return thereof.” 
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The second is also dated 1882 : 

“ My deal' Minchin, 

"I hop© the enclosed may serve your rivereiice’s purpose. Bure, 
and it’s bad I did not write before. But 1 had to think, and that 
goes slow. 

-x- -x x x x * 

“As to your telegraphic, friend; lot hiiu take to himself a tangent 
galvanometer and a set of resistance coils, and sundry cells accord¬ 
ing to Daniell and Grove. ...” 

and then follow instructions as to what the telegraphic friend 
should achieve. 

An extract from a letter referring to a fairly well-known man : 

“The gentleman’s surface .integral suggests to me a considerable 
amount of self-esteem. But I am willing to believe that the 
charge is purely superficial. ... I am told by a friend who knows 
him much better than I do that he is a good fellow.” 

And the last is from a letter written in 1887 congratulating 
Min chin on his marriage: 

“My clear G. M. M., 

“I heard awhile ago that you had entered into combination and 
were no longer a dissociated atom. Accept my warmest con¬ 
gratulations and my fervent hope that you may appreciate the 
blessings of home rule more fully from year to year.” 

Several of the letters deal with Minchiu’s work with photo¬ 
electric cells. 

The private life of Carey Foster was one of quiet beauty. His 
transparent honesty and high regard for truth earned him the 
respect of his friends, whilst lias unvarying kindness and courtesy 
won their affection. In 1868 he married Mary Anne Frances, 
daughter of Andrew Muir, of- Greenock. Recalling that time, Dr. 
Forster Morley writes: 

, “ It seems only yesterday when my father (the late Professor 
Henry Morley) said to me, r I have been walking round the Square 
with Carey Foster, who has just told me that he is engaged to be 
married, and has been speaking most charmingly on the subject of 
love of a man for a woman.’ ” 
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There was a striking resemblance between the character of Mrs. 
Foster and that of her husband, and she even acquired a' suspicion 
of the nervousness that was so strongly marked in him, that, how¬ 
ever, only accentuated a natural charm of manner in her. There 
were born to them four sons and four daughters, all of whom are 
still living. The mutual confidence that existed'between Carey 
Foster and his wife, and the evident affection with, vwhich both 
parents were regarded by their children, gave' a peculiar charm 
to the visits of the many friends who were always welcome to their 
home. Mrs. Foster died in 1917, and a year and a-half later 
Carey Foster’s body was laid to its last rest beside hers in the 
peaceful cemetery at Rickmans worth. 

Among the number of Carey Foster’s old students at University 
College who have become distinguished were Prof. W. E. 
Ayrton, Sir Oliver Lodge, Dr. H. Forster Morley, Prof. Viramu 
Jones, Prof. A. P. Chattock, Prof. J. A. Fleming, Prof. T. Hud¬ 
son Beare, Prof. A. W. Porter*, Prof. F. Womack, Prof. J. Sakurai, 
Sir Victor Horsley, and Prof. W. D. Halliburton. It is from his 
having been first a student, then a demonstrator, and thereafter 
a friend of Carey Foster that the writer has been able to pay in 
this notice his last tribute to the memory of one he loved and 
admired. A. H. Fisou. 


WILLIAM- JOEL KEMP. 

Born 1841; Died March 22nd, 1918. 

William Joel Kemp was born at Bow in 1841. H© was the 
youngest of three sons, and was educated at Stock’s Academy at 
Poplar. Owing to- his father’s death, he left school at a very 
early age, and was placed in the office of a ship’s broker. Finding 
this work very uncongenial, he induced his relatives to article him 
to Carters and Green, builders of the famous China tea clippers, in 
the yard which subsequently became the headquarters of the Thames 
Ironworks and Shipbuilding Company, His apprenticeship com¬ 
menced at an unfortunate time, for wood was rapidly being replaced 
by iron in the construction of ships, and the old-established firms 
which did not move with, the times were being left behind. All the 
same, this period of his life must have been a particularly happy 
one. He met all sorts of seafaring men, and in later life he never @ 
tired of relating .anecdotes connected with, their 'superstitions .and 
adventures, and it is not unlikely that their experiences quickened 
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ill© sens© of imagination which served him so well in after years. 
Shortly after completing his articles he married Mary, the daughter 
of John Cayzer, who organised the emigration to Australia of the 
East Anglian farm labourers in the starving 'forties and •’fifties. 
About this time he entered the service of Kiekett Smith, -and. Com¬ 
pany, coal and coke shippers, as buyer. In this capacity he was 
brought in contact with the lime burning, plaster, and kindred 
industries, and when in 1876 a company was formed to work the 
bed of gypsum discovered four years earlier through the Sub-- 
Wealden boring at Netherfield, Sussex, he took a small financial 
interest in the undertaking. It was about this time that the 
necessity for technical education and scientific training was first 
accepted in England. In 1879 the City and Guilds of London 
Institute for the Advancement of Technical Education was formed, 
and almost immediately courses in chemistry under Armstrong in 
temporary premises in Cowper Street, Finsbury, were advertised. 
Although nearly forty years of age, Kemp, knowing that the manu¬ 
facture of plaster at Netherfield rested entirely on rule-of-thumb 
methods, determined to take advantage of the facilities which the 
City Guilds Institute afforded and to become an efficient chemist. 
At Cowper Street he worked for on© or two days a week, encouraged 
and inspired by Armstrong, and he soon proved himself to be not 
only a logical thinker, but an expert manipulator. The other 
students in the laboratory were all boys, and the writer, who worked 
at the bench adjoining Kemp’s, shared with them the admiration 
of his power of application and of his rapidly acquired skill. Kemp, 
influenced by Armstrong’s spirit of research, soon began to make 
investigations on the production of sulphur from gypsum and from 
alkali waste, and these occupied him for several years. He was the 
first to suggest making alkali waste into a paste with water and 
pumping carbon dioxide into the sludge contained in an inverted 
conical Vessel, thus making the gas do its own stirring and bring¬ 
ing every particle of the waste in contact with it. Some. of the 
results of these investigations were subsequently embodied in 
Rawes’s patents, which were worked by Chance. During these 
years, the position of the Sub-Wealden Gypsum Company at 
Netherfield had become very critical, the output had fallen below 
40 tons a month, the quality of the plaster was bad, and creditors 
were clamouring for payment of their accounts, which there were 
no funds to meet. There was already on the bank an immense 
tonnage of dump, a grey stone considered useless, which had to be 
.•hauled, to the surface with the white gypsum, and it was becoming 
. increasingly difficult and expensive to dispose of it on the surface. 
A meeting was held with the object.’of winding up the company, 
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bill. Kemp, who. had already begun to experiment with the grey 
stone, which consisted almost entirely of gypsum, persisted in the 
view that under proper direction the operations of the company 
would be successful. Two of the shareholders present were 
impressed, and agreed to provide further funds if Kemp would 
undertake the management, and it was thereupon decided that 
operations should be continued. Kemp’s experiments with the 
grey stone were now pushed on, with the result that in a short 
time he had perfected a method whereby the waste was converted 
into a plaster of the Keen’s cement variety, which, although dark 
in colour, set hard and evenly. He introduced this plaster under 
the name of “ Sirapite,” and from that day the success of the 
undertaking was assured. In 1891, 10 tons of u Sirapite ” were 
sold ; ten years later the annual sale was 15,108 tons, and in 1911 
the sales exceeded 31,000 tons. Kemp’s genius was shown not only 
in the way he attacked his problems on the chemical side, but also 
in his engineering ability and in the handling of men. From the 
first he recognised the inefficiency of boilers fed with water almost 
saturated with calcium sulphate, and within two years of taking 
control he had scrapped the steam plant and had substituted gas 
producers and large gas engines. He introduced kilns of large 
size, which reduced the consumption of fuel and greatly simplified 
the grinding and mixing plant. He subsequently opened up a new 
shaft in the mine, which he equipped with electric lighting and 
haulage plant. Having placed the business on a profit-earning 
basis, Kemp devoted his attention to the amelioration of the con¬ 
dition of his workpeople. Although himself prepared to work 
twelve hours a day or more, he reduced in 1895 the working hours 
to eight and afforded all workmen suitable opportunities for 
recreation. At his suggestion, the company built a large number 
of model houses standing in large .gardens, which the workpeople 
were permitted to purchase at cost price. In 1903 Kemp completed 
Ills plans by blunging about an'amalgamation of the chief makers 
of plaster in the United Kingdom. 

Very few of those who travel by the South-Eastern Railway from 
Tunbridge Wells to Hastings realise that near Mount-field, hidden 
from, but within a few hundred yards of, the line, and in one of 
the most beautiful of the Sussex valleys, lie a mine fully equipped 
and busy works employing several hundred hands, at which a large 
part of the plaster used in this country is produced. It was here 
that Kemp conducted his experiments which revolutionised the 
industry, and it was here, at the scene of his life’s work, that he 
breathed his last. Shortly after the outbreak of war his son, who 
for some years had assumed the management, volunteered for 
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service, and .Kemp, then seventy-five years of age, returned to take 
charge. Always confident and cheerful, ever hard-working, he 
resumed his former duties with an activity and interest which 
might have been expected from a man thirty years his junior. On 
the morning of March 22nd, 1918, he rose in the usual health and 
spirits, but shortly afterwards, when about to go the round of the 
works, he suddenly expired. Gerald T. Moody. 


SYDNEY LTJPTON. 

Born January 3rd, 1850; Bind July 10th, 1918. 

Sydney Lupton, who was elected into the Society in 1872 and 
remained a Fellow until his death, was the youngest and last 
surviving son of Darnton Lupton and of his second wife, Anna 
Jane Busk. He was born at Eller Close, Roundhay, near Leeds, 
on January 3rd, 1850. His father, a member of a well-known 
Yorkshire family, was head of the firm of William. Lupton and 
Co., woollen manufacturers. He was a man of considerable 
influence and. public spirit, much respected, and took a leading 
part in the municipal politics and'social life of the town and 
district. ' 

His son, the subject of this notice, was educated at Rugby-and 
lived in Br. Jex Blake’s house. From .Rugby he passed to Oxford, 
where at Christ Church he came under the influence of Br. Vernon 
Harcourt, and was led to devote himself to science, particularly in' 
mathematics and chemistry. 

On leaving the University, after taking his degree, he was 
appointed a science master at Harrow School. The work of school 
teaching was not uncongenial to him, and he had a fair measure 
pf success in it; but his mother--now a widow—having fallen into 
indifferent health, he resigned his position in order to live with 
her at Harehills, near Leeds, where he established a small labora¬ 
tory and continued to occupy himself with experimental work. 

It was during this period that the writer of this notice made 
his acquaintance, and had the opportunity of observing the pro¬ 
gress of his inquiry on the .slow oxidation of potassium, the longest 
and perhaps the most important of his investigations. On the 
death of Mrs. Lupton he took a smaller house at Roundhay, where 
he continued to live until .his removal to London in 1896. 

During his residence in Leeds, Lupton took part in the civic 
life of the town, was a member of the Board of Guardians, and 
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was associated with the late Canon Jackson, Vicar of St. James’s, 
in many charitable objects. For four years he was a member of 
the Committee of Management of the Oookridge Convalescent Hos¬ 
pital, and on his resignation, consequent on his leaving Leeds, his 
fellow-members recorded their appreciation of his genial and 
energetic help and their sincere thanks for his services “ during 
a period requiring special administration.” This last sentence lias 
reference to the assistance he was able to render the institution in 
connexion with the erection of a wing to the building to perpetuate 
the memory of his friend, Canon Jackson. 

Lupton's intellectual tastes led him to take an interest in the 
activities of the Leeds Philosophical and Literary Society, where 
he occasionally lectured on scientific subjects. He became a 
member of its Council in 1885-6, Honorary Secretary from 
1886-95, and a Vice-President in 1895-6. 

Practically the whole of Lupton’s experimental work was done 
during his residence at Leeds. His first published paper, “On 
the Formula of the Alums,” appears in the Journal of the Society 
for 1875. Although the'doctrine of valency, which we owe to 
Frankland, was fairly well established at this period, there was 
considerable uncertainty as to the true formulae of a number of 
inorganic compounds, owing to doubt as to the valency of par¬ 
ticular elements. This was the case with the group of the alums. 
Lupton, at the suggestion of Dr. Vernon HarcoUrt, sought to 
establish the generic formulae of these salts, independently of con¬ 
siderations of the combining values of their constituents, by a study 
of the conditions under which they lose their water on heating or 
on exposure to a dehydrating agent under reduced pressure, and 
he showed conclusively that they must contain at least twenty-four 
molecules of water, whence the general formula now universally 
accepted follows. ’ 

In the same year he published a none on the preparation of 
cuprous chloride, in which he described the different mode in which 
water acts on this substance, depending on its method of forma¬ 
tion (Ghem. News, 1875, 30, 233). This was followed in 1876 by 
a number of short notices (Ghem. News , 1876, 33, 90). He 
showed that in preparing nitrogen by the Well-known method of 
passing air over red-hot copper turnings, the operation might be 
rendered continuous by mixing the air with ammonia gas, whereby 
the cupric oxide was reduced as fast as it was formed, or, as is 
more probable, by the metal acting catalytically and inducing the 
production of water: 

3(2No + O) + 2NH S ~ 3H 2 0 + 7N 2 . 


R* 2 
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In Mils maimor, only a, relatively short length of Imaled copper 
turnings is needed, and the notion proceeds uninterruptedly. 

Tn another communication, on the “'Solubility of Naphthalene 
in Water/'’ he sought to disprove Garden’s contention that 
Plateau’s theory of the cause of the movement of this substance 
on the surface of water was invalid by showing that its solubility, 
and consequent high tension of its solution, are sufficient to account, 
for the phenomenon. 

He further described a number of reactions serving to distinguish 
aniline from naphthylamine, and made known a number of 
characteristic tests for succinic acid. 

Lupton’s most important, chemical paper was his study of the 
“Slow Oxidation of Potassium,” communicated to the Society in 
1876 and published in the Journal for that year, in which he care¬ 
fully repeated the observations of Davy, Berzelius, Gay Lussae 
and Thenard, and Harcourt, and sought to clear up certain dis¬ 
crepant statements with regard to the number of potassium oxides 
capable of existence. He confirmed Vernon Harcourt’s work, made 
fourteen years previously (Quart. Jo-urh. Chem. Soe.,' 1862, 14, 
267), carefully watching the colour changes which follow the pro¬ 
gress of the oxidation/and analysing the products at the several 
stages by a method he devised, and of which he proved the 
sufficiency, He was disposed to regard the existence of the grey 
suboxide, K 4 0, of Berzelius as improbable, and he concluded that 
the intermediate products of oxidation were mixtures of ICO and 
KoOg in variable proportion, depending on temperature and time 
and the nature of the oxidising medium. He compared these 
intermediate products with the successive stages in the oxidation 
of lead and with the several lead oxides described by various 
observers, the general nature of the change being similar. He 
obtained analytical numbers for the yellowish-green product which 
corresponded with the composition of a dioxide, Iv 2 O d , and 
described a number of reactions which appeared to indicate its 
individuality, He gained no certain proof of the existence of the 
trioxide,. K 2 0 3 , but was inclined to regard the brownish-yellow 
stage of the colour change as some evidence of its formation. , He 
states that “the more thoroughly the air is dried, the less is its 
oxidising action,” as proved by Baker (Phil. Tram,, 1888), and 
subsequently by Holt and Sims (T., 1894, 65, 434), who showed 
that potassium may he distilled unaltered in perfectly dry oxygen. 

Lupton’s conclusions have, been confirmed., in the main, by the 
last-named observers, although they found it impossible to associate 
the differences of colour with oxides of definite composition, the 
oxidation proceeding apparently without any break until the 
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heated mass consisted wholly of the bright orange-yellow peroxide, 
K 2 0 4 , described by Harcourfc. 

Holt and Sims also repeated Lupton’s experiments on the action 
of the oxides of nitrogen on heated potassium, and with nitrous 
oxide obtained evidence of the formation of the buff-coloured tri- 
oxide and the sulphur-yellow dioxide, the existence of which in 
solution had already been established by Harcourt. 

Lupton, in 1888, published a short communication in the 
Proceedings of the Society on compounds of chromium, and in 
1891 he contributed to the Philosophical Magazine a controversial 
paper on L ' ; The Reduction of the Results of Experiments, with 
Special Reference to the Hydrate Theory of Solution 5 ’ {Phil. Mag.. 
[v|, 311, 418), which produced a rejoinder from Mr. Spencer 
Pickering. 

Sydney Lupton was a painstaking and conscientious worker, 
scrupulously accurate, and a good manipulator, cautious in draw¬ 
ing conclusions or in forming opinions, but very tenacious in hold¬ 
ing them when convinced of their soundness. His knowledge 
and, as his published work shows, his sympathies were almost ex¬ 
clusively confined to inorganic and physical chemistry ; and owing 
probably to the limitations of his early training and his subs© 
quent lack of opportunity, he never seemed to be attracted by the 
problems of modern organic chemistry. 

As a fellow-townsman and a member of the well-known Mill 
Hill Chapel, lie was a great admirer of Joseph Priestley, who 
formerly ministered in Leeds, and began his chemical career there. 
At one time be conceived the idea of writing the life of the old 
philosopher and of bringing out an annotated edition of his com¬ 
plete works, for which he had-gradually accumulated material. 
But to do justice to Priestley’s astonishing versatility and the 
extraordinary range of his knowledge requires an equally excep¬ 
tional man, and Lupton, after playing with the project for some 
time, finally relinquished it, being deterred from the attempt in 
all probability by its very magnitude. He was, however, well 
qualified to make it, especially as regards Priestley’s scientific work 
and philosophical opinions, for he had considerable critical acumen 
and literary skill, was an omnivorous reader, and had extensive 
knowledge of the literature and science of the latter half of the 
eighteenth century. 

On his removal to London, Lupton ceased to take any active 
part in experimental inquiry. He kept up his interest, however, 
in scientific work, was a frequent attendant at meetings of scien¬ 
tific societies, and at the lectures of the Royal Institution. He 
also interested himself in Bedford College, and in the work of St. 
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George's Hospital, and was for a time a member of its Committee 
of Management. 

He was, perhaps, most generally known by bis books on 
“Elementary Chemical Arithmetic” and “Numerical Tables and 
Constants in Elementary Science,”’ published by Macmillan’s, and 
based probably on his experience in science teaching at Harrow. 
His last production was a little book of some 120 small Svo pages 
bearing the modest title, f< Notes on Observations, being an Outline 
of the Methods used for determining the Meaning and Value of 
Quantitative Observations and Experiments in Physics and Chem¬ 
istry, and for reducing the Results obtained.” Notwithstanding 
the somewhat archaic ring of its title, it is an admirable piece of 
work, and well worthy of careful study by .all engaged in quanti¬ 
tative work. In spite of its diminutive size, it must have involved ^ 
a wide range of reading, no small exercise of criticism, and con¬ 
siderable skill and thought in arrangement and condensation. It 
shows Lupton at his best. It is a model of clear, restrained state¬ 
ment and rigorous logic, and should find a place in every physical 
and chemical laboratory. 

At all periods of his life, Lupton was fond of travel, and his 
ample means made it easy for him to make extensive journeys. He 
was an acute observer and a shrewd judge of character, with a 
keen sense of humour—qualities which, added to his wide reading 
and knowledge of history and his readiness to communicate his 
knowledge, made him interesting as a companion. 

He died at his London house, 102, Park Street, Grosveuor 
Square, on July 10th, 1918, and was buried at St. John’s Cemetery, 
Rotmdhay. He showed his interest in the work of the Chemical 
Society by bequeathing to it his valuable chemical library, 

T. E. Thorpe. 


GEORGE MARTINEAU, C.B. 

Born 1835; Died February 5th, 1919. 

By the death of Mr. George Martineau, which occurred after a 
brief illness at bis residence, Gomskall Lodge, Gomshall, Surrey, 
we have lost a member of an old and distinguished family and a 
man who was perhaps the greatest authority of his time in this 
country on sugar from its economic point of view. The deceased 
was the son of Mr. George Martineau, of Tuls© Hill, and grandson 
of Mr. David Martineau, whoin 1797 established the sugar refining 
linn which, as David Martineau and Sons, was at one time the 
largest in London; it has remained in the family for more than a 
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century. The fact is not without interest to our Fellows that this 
firm was one of the first, probably the first, in this country to 
recognise the value of scientific control, and the partners appointed 
the late Mr. G. Haughton Gill, F.C.S., first as their chemist and 
subsequently as their manager. 

Mr. Martineau was educated at University College, London, and 
on coming of age entered his father's business, in which he was 
actively associated until his retirement in 1896. His connexion 
with sugar refining was on the commercial side, but he always took 
a keen interest in the general technology of the industry. 
Although a Liberal of the Gladstonian school, he recognised the 
defects of our fiscal system more than forty years ago; and in 
1872, when the effects of the foreign sugar bounties began to make 
themselves felt, the British refiners appointed a. Committee with 
Mr. Martineau as Secretary. This Committee visited the principal 
beet-growing countries of Europe. Thus commenced the anti¬ 
bounty campaign, which culminated i.u the abolition of the bounties 
by the International Convention of 1902. In recognition of his 
services, Mr. Martineau was appointed a Companion of the Bath 
bv King Edward VII. 

Imbued with the true scientific spirit, Mr. Martineau possessed 
a thoroughly logical .mind, clearly shown by his numerous writings, 
which were continued up to the last days of his life: it may be 
said, indeed, that he died in harness. He was a chemist by 
instinct, and few commercial men had a greater appreciation of 
chemistry and chemical research. Keeping himself tm ' con-rant ■ 
with all the chief events in the progress of our branch of science, 
it was doubtless with, this object that he became a Fellow of the 
Chemical Society in 187,1. It cannot be forgotten that, equally 
with those members of his firm connected with the practical side 
of sugar refining* he shared a strong belief in the precise methods 
which chemical analysis- affords when applied to commercial ques¬ 
tions. In this connexion, w© may point out that he was a pioneer 
in the establishment of the Beetroot Sugar Association of London, 
the functions of which were to check the weights and make analyses 
of the whole of the raw beetroot sugar shipped from the Continent 
to the Port of London. 

Mr. Martineau’s memory will be cherished by many. His charm¬ 
ing personality, gifted conversational powers, wide erudition, and 
his deep sincerity had secured for him a wide circle of friends. 
Hot a few have reason to be grateful to him. for the assistance and 
encouragement he gave them; at the commencement of their careers; 
but from these he resented open thanks, being quite content to 
view their progress with silent satisfaction. 


Arthur K, Ling. 
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SIR ALEXANDER PEDLER, F.R.S. 

Born May 21st, 1849; Died May 13th, 1918. 

Like many other chemists who have attained an eminent position 
in the scientific world, Pedler began life in connexion with 
pharmacy. His father, Mr. George Stanbury Pedler, was in busi¬ 
ness as a pharmacist at 199, Pleet Street until, on the removal of 
old Temple Bar and the widening of Fleet Street, preparatory to 
the erection of the Law Courts, the premises were swept away. 

Pedler received his early education in the City of London School, 
which he left at midsummer, 1865. In October of the following 
year, at the age of seventeen, he won a Bell Scholarship, and began 
work as a student in the laboratory of the Pharmaceutical Society 
in Bloomsbury Square. Here he went through the usual course of 
analytical work, and at the end of the session he was awarded a 
certificate of honour in practical chemistry. Before leaving, he 
began a piece of research suggested to him by the present writer, 
who was at that time Demonstrator in the laboratory. It was 
with great regret that he parted with the promising young student, 
who by this time had decided to leave the comparatively narrow 
field of pharmacy and proceeded to place himself under Professor 
(afterwards Sir Edward) Fraukland, at the Royal College of 
Chemistry, then in Oxford Street. There, after carrying on his 
studies for two years further, he assisted Fraukland in the separa¬ 
tion of the amyl alcohols' of fousel oil by Pasteur’s process. This 
work was done in the laboratory of the Royal Institution, where 
Fraukland had held the Professorship of Chemistry in succession 
to Faraday since 1863- From the optically active and inactive 
alcohols, Pedler prepared the corresponding valeric acids, and gave 
an account: of his work to the Chemical Society in 1868 (Journ. 
Ghent. Snc., 21, 74)., Further work in this direction was inter¬ 
rupted by his taking part in the solar eclipse expedition to Sicily 
in that year. : 

From 1871 Pedler served for two years as lecture demonstrator 
to Sir Edward Frankland in the Royal College of Chemistry in 
succession to Mr. Herbert McLeod, who had been appointed to the 
professorship of chemistry in the then newly instituted Royal 
Engineering College at.Cooper’s Hill. . At the same time, he assisted 
in the research work on gaseous spectra in which Frankland and 
Lockyer were jointly occupied. This naturally directed Pedler’s 
attention to the fascinating problems connected with .the physical 
■constitution of the sun and the stars.". Consequently, on receiving 
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in 1873 appointment as professor of chemistry in the Presidency 
College, Calcutta, he naturally occupied himself with subjects con¬ 
nected with celestial chemistry, and soon after his arrival in India 
he was charged with special duty in connexion with the eclipse 
expedition of 1875. 

On joining the Presidency College, he found that no practical 
work in any department of science was done by the students. To 
remedy this deficiency in the scheme of instruction was his first 
care, and ultimately he succeeded in securing the introduction of a 
small amount of practical work into the science course for tile M.A. 
degree, and a practical examination was held for the first time in 
1882. Ultimately, he had the satisfaction of finding the university 
regulations require every college sending up students to provide 
the necessary staff and appliances for teaching practically each of 
the departments of science, and each candidate for B.A. or B.Sc. 
degree to be examined practically. 

Having been born in 1849, Pedler was still a very young man 
on reaching India, and those who knew him in his early days will 
gladly recall those features of his character which made him not 
only popular in youth, but, remaining unchanged to his latest 
years, contributed materially to his success in official life. 

In India. Pedler retained the professorship in Calcutta, together 
with the office of Meteorological Reporter to the Government of 
Bengal, for twenty-two years. He then became Principal of the 
Presidency College and Vice-Chancellor of the University. In 1899 
he was appointed Minister of Public Instruction in Bengal, and 
became an additional Member of the Legislative Council under the 
Viceroy. 

Among other institutions, Pedler took great interest in. the 
Ravenshaw College at Cuttack, and was instrumental in obtaining 
accommodation for the physical and chemical departments in that 
institution. These successive steps in official life explain the fact 
that Pedler s original contributions to .scientific chemical literature 
were limited to the one paper on valeric acids, already mentioned, 
and several which arose out- of the circumstances of his residence 
in India. 

Soon after his arrival in that country, he examined and reported 
on the coal-gas and water supplies of Calcutta, In 1878 he sent 
home a paper on the poison of the cobra, which was printed in the 
Proceedings of the Royal Society (27, 17). 

In 1890 he contributed to the Jmirnal of the Chemical Society 
three papers, which showed that he was utilising opportunities, 
previously neglected by chemists, of studying the action of tropical 
' sunlight on chemical change. The first of these papers was ppfjfled 
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“ The Action of Light on Phosphorus and some of the Properties 
of Amorphous Phosphorus.” The second paper was on “The 
Action of Chlorine on Water in the Light, and the Action of Light 
on certain Chlorine Acids.” The third paper contained an account 
of attempts to estimate hydrogen sulphide and carbon bisulphide 
in gaseous mixtures by explosion with oxygen. 

Pedler was a Fellow of the Institute of Chemistry and of the 
Chemical Society. He was elected. F.R.S. in 1892. He was also 
an honorary member of the Pharmaceutical Society. 

In recognition of his public services in India he was created 
Cl. E. in 1901, and on his return to England in 1906 he received 
the honour of knighthood. On his retirement he soon found 
occupation in public work; he became honorary secretary to the 
British Science Guild, which owes much to his devoted service, and 
on the outbreak of war he took up active duties connected with 
the research department of the Ministry of Munitions. Whilst 
attending a meeting of Committee at that office on Monday, May 
13th, 1918, he was seized with sudden illness and expired immedi¬ 
ately. His death came as a. great shock and surprise to his many 
friends, among whom no suspicion of weakness had been enter¬ 
tained. 

Pedler was twice married, first in 1878 to Elizabeth Margaret, 
daughter of C. K. Schmidt, of Frankfurt, and, secondly, to Mabel, 
youngest daughter of the late Mr. W. Warburton, R.N., of Ded¬ 
ham, who survives him. He left no children. YC A T 


JOSEPH PRICE REMINGTON. 

Born March 26th, 1847; Died January 1st, 1918. 

Joseph Price Remington was horn ah .Philadelphia on March 
26th, 1847, and belonged to a well-known Quaker family, Ms 
ancestors having been for three generations members of the Society 
of Friends. His father, Dr. Isaac Remington, was a prominent 
Philadelphia physician, whilst his mother, the daughter of John 
Hart, was in a direct line of descent from an apothecary who prac¬ 
tised his art in Philadelphia early in the eighteenth century . An 
inclination for the professional pursuit of pharmacy, which was 
manifested by Remington at an early age, wquld thus seem to have 
been inherited. 

At the comparatively early age of fifteen years, Remington 
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suffered the loss by death of his father, and this appears to have 
affected his subsequent career; for a plan to supplement his pre¬ 
liminary education—obtained in private schools and in the high 
school at Philadelphia—by an academic course of study had to be 
abandoned. In 1863 he entered the establishment of Charles Ellis. 
Son and Co., a firm of wholesale druggists in Philadelphia, where 
lie remained for four years, and during that time he attended 
evening lectures at the Philadelphia College of Pharmacy, from 
which he graduated in 1866. During the years from 1867 to 1870 
Remington was employed in the manufacturing laboratories of 
Dr. E. R. Squibb, at Brooklyn, N.Y., and in this position he had 
exceptional opportunities for acquiring a knowledge of technical 
methods, especially in their application to chemical and pharma¬ 
ceutical products, whilst also enjoying intimate association with a 
mail who was widely known for his scientific attainments and 
exceedingly high ethical standards. Remington then returned to 
Philadelphia, and after a short period of service with the firm of 
Powers and Weightman, manufacturing chemists of that city, he 
established a pharmaceutical business on his own account, which 
was successfully conducted for thirteen years. In the meantime, he 
had also served as an assistant to Professor Parrish, and subse¬ 
quently to Professor Procter, at the Philadelphia College pf 
Pharmacy, and on the decease of the latter, in 1874, he was elected 
to the professorship of pharmacy in the college which had been his 
alma 'mater . The position which Mr. Remington was thus called 
on to fill he retained for the exceptionally long period of forty- 
four years, or until the close of his life, and during that, time 
several thousand students had received instruction from him. 

As circumstances did not permit Professor Remington to acquire 
a scientific training, in the modern sense, his attainments and 
talents were directed more to what may be termed the practical 
side of pharmacy and to editorial work. As examples of this 
activity, there may specially be noted his participation in several 
revisions of the “ United 'States Dispensatory, 55 the publication of 
his well-known text-book, entitled the “Practice of Pharmacy, !! 
and the arduous duties committed to him as Chairman of the Com¬ 
mittee of Revision of the “United States Pharmacopceia. 55 

Professor Remington was a Fellow of the Chemical, Liimean, 
and Royal Microscopical Societies of London, as well as an active 
member of several scientific societies in his own land. The esteem 
in which he was held by his professional colleagues had, moreover, 
been manifested by . the bestowal of honorary membership in a 
large number of pharmaceutical organisations both at home and 
abroad. Me had travelled widely in. bis own country, and had 
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several times visited Europe, the last occasion having been in the 
autumn of 1913, which will still be pleasantly remembered by many 
of his English friends. 

The home life of Professor Remington, with a devoted wife and 
several children, was particularly happy. His genial nature and 
fluency as a speaker, together with the fund of interesting in¬ 
formation which he possessed, rendered him a most pleasant com¬ 
panion. In social as well as professional circles he was therefore 
always gladly seen, and accorded a prominent place. 

The writer of these lines is grateful for the privilege of render¬ 
ing a slight tribute to the memory of one with whom a friendship 
had been sustained for more than forty years, and whose qualities 
of mind and heart had won such extended appreciation and regard. 

P. B. Power. 


JEAN JACQUES THEOPHILE SCHLOESING. 

Born July 9th, 1824; Died February 8th, 1919. 

One of the oldest and most distinguised of the foreign members 
of the Society, Jean Jacques Theophile Schloesing, passed away 
on February 8th of this year. He was in his ninety-fifth year, 
and almost, all his life had been associated with agricultural chem¬ 
istry. He knew its illustrious founders, Boussingault, Lawes, and 
Gilbert, when they were still young men almost at the beginning 
of their careers; he introduced new ideas at a critical stage, and, 
finally, when development had temporarily ceased, he opened up 
a new path, which is still leading to fruitful results. 

Schloesing was born at Marseilles on July 9th, 1824. At the 
age. of seventeen he entered the Polytechnic School, and left it two 
years later to take a post in the “Service des Manufacteurs d’Etat." 
He thus began his career at the most eventful period in the history 
of agricultural chemistry; it was the year, 1843, in which Lawes 
and Gilbert started their great work at Bothamsted, one year after 
Liebig’s „ famous report on agricultural chemistry to the British 
Association, and four years after Boussingault had commenced his 
■striking investigations at Bechelbronn. . . 

He must-have done well in his first post, for three years after¬ 
wards—in 1346—he became Director of the Ecole des Tabacs, and 
within a few months published his first paper in the Comptes 
rendu $; it was on nicotine and its estimation in. leaf and maim- 
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uted tobacco. Tie was the first to obtain nicotine in any 
quantity; it bad previously been prepared, as lie tells us, only in 
“ quelques rares echaiitillons.’' Schloesiug verified its composition 
and designed a metbod, for estimating it witliin about 1 per cent.—a 
very accurate determination for the time. The method consisted 
in displacing the nicotine -with ammonia, extracting with ether, 
eliminating the exeess-of ammonia by the evaporation of the ether, 
and then titrating the residual base with sulphuric acid. For five 
years no further publications appeared, then followed an ingenious 
paper on the determination of ammonia in tobacco; milk of lime 
was added, and the mixture placed over sulphuric acid in the cold. 
The ammonia volatilised, and was absorbed by the acid, hut at the 
low temperature of the experiment no decomposition of other 
substances occurred. This paper was followed shortly afterwards 
by one on the estimation of nitrates in presence of organic matter ; 
hydrochloric acid and a ferrous salt were added, and nitric oxide 
produced; this was washed free from hydrochloric acid, then mixed 
with air or oxygen, converted into nitric acid, and titrated with 
an alkali. Subsequently, however, Schloesiug found that conversion 
into nitric acid was unnecessary, and he designed a method for 
direct measurement of the nitric oxide. He also introduced con¬ 
siderable improvements into the methods for estimating ammonia 
in dilute liquids, such as rain. As an illustration of the very 
cumbersome nature of some of the methods then in vogue, it may 
be mentioned that the determination of ammonia in rain-water at 
Rothamsted, carried out in 1853, had involved the distillation of 
2 cwt. of rain and evaporation of the distillate with sulphuric 
acid; in spite of all the laborious care bestowed on the work, the 
figure obtained was probably double the true value. 

For the next seven years Sehloesing published no scientific work, 
but from 1860 onwards he issued a number of important publica¬ 
tions. In 1860, also, he began some cultural experiments with, 
tobacco, which lasted for fifteen years, and were designed to ascer¬ 
tain whether the physical properties and nicotine content of the 
leaf are characteristic of the variety or the result of environmental 
factors. In the first series, tobacco was raised from samples of 
seed coming from various regions; the resulting leaf had in each 
case the physical characters and nicotine content characteristic of 
the parent plants grown in their original home. The second series 
was more extended and lasted fourteen "years; its purpose was to 
discover whether any marked alteration occurred in the character¬ 
istic properties when a variety is cultivated in a new district. 
Havanna tobacco was grown, and the seed saved; some was sown 
.and' some was .stored,; each year a certain quantity of the seed of 
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each generation was sown. Tit no case was any difference 
observed- 

In 1866 Scliloesing began his investigations on the soil. .It was 
probably in this subject more than in any other that the genius 
of the man shone out. Looking back at these papers, their striking 
feature is their modernness; one can well believe that at the time 
of publication they would not be fully appreciated. Again and 
again he broached, new subjects, which neither he nor his con¬ 
temporaries developed, but which later workers rediscovered thirty 
or forty years afterwards and showed to be of signal importance. 
He was essentially a pioneer rather than a builder, and he had the 
extraordinarily good fortune to discover gold almost every time; 
but he never himself developed his (t finds,” and. the subject was 
not sufficiently well organised to ensure that others should develop 
them for him. 

Sohloesing’s period of greatest activity was from 1.866 to 1879, 
when he was between forty-two and fifty-five years of age; during 
this time he opened up no fewer than five new fields of soil in¬ 
vestigation, three of which are now proving extremely valuable. 
His first soil paper was on the soil solution, which he separated 
from the solid particles by a displacement method. The subject 
received very little attention for nearly forty years; its importance 
was not fully realised until Whitney and Cameron in America 
published their striking paper in 1903, when investigations began 
again, using at first methods similar to those that Schloesing 
had designed. At the present time it receives perhaps more atten¬ 
tion than any branch of soil chemistry. 

Another subject which has come into prominence in recent times 
was investigated by him in 1868. He showed that nitrates are 
decomposed during certain fermentations, and five years later he 
further showed that they are reducible to gaseous nitrogen in soils 
deprived of oxygen. He also demonstrated that oxidations rather 
than reductions are the normal phenomena in soils under natural 
conditions; surface soils readily absorb oxygen, whilst sub-soils do 
not. After a lapse of nearly thirty years this phenomenon was 
independently rediscovered, and its investigation figures promin¬ 
ently in some of the most recent research programmes. 

His most important work, however, was on nitrification. For a 
long time it had been known that nitrates are, gradually formed 
when plant or animal residues, farmyard manure, etc., are in¬ 
corporated in the soil. The process was of much technical import¬ 
ance in the seventeenth and eighteenth centuries as the source of 
nitrates for gunpowder. During the Thirty Years’ War and other 
great continental wars, the various governments had been seriously 
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concerned in these so-called nitre beds, and liad done a great deal 
to stimulate their development. An interesting collection of 
memoirs relating to the practical details was published in Paris 
in 1776.* A study of these papers shows that the conditions of 
the change were tolerably well, ascertained even then, but nothing 
was known of its mechanism. 

Xt has several times happened in the history of civilisation that 
agriculture has benefited by knowledge gained during war. The 
mass of information accumulated during the eighteenth century 
wars, and apparently rendered useless in the nineteenth century 
by the promise of peace and the discovery of nitrates in. Chile, was 
found to be of fundamental importance in agriculture. Boussm- 
gauli had realised, and Schloesing at once accepted the view, that 
the nutrition of plants, so far as nitrogen was concerned, depended 
oil the nitre-bed processes; organic nitrogen compounds, useless as 
plant nutrients, became converted into highly valuable nitrates 
when added to the soil; the more rapidly this change could be 
brought about, the better for the plant. So long, however, as the 
mechanism of the change was unknown, the old knowledge was 
simply empirical and incapable of full utilisation. Many investi¬ 
gations had been made, but the problem remained unsolved. The 
balance of opinion was in favour of a'purely physical process, but 
there was also a strongly supported chemical hypothesis. 

In 1875 a Commission was appointed to inquire* into a scheme 
for carrying Paris sewage out to the land between Clichy and the 
forest of St. Germain, and Schloesing was asked to draw up the 
report. Barely, even in France*, can an essentially practical 
inquiry' have led to such striking scientific results. When 
Schloesing had finished the investigation, he had not only dis¬ 
covered a new and vastly improved method of treating sewage, but 
lie had realised what was the cause of nitrification, and thus 
founded the science of soil bacteriology. We cannot do better than 
let him tell the story in his own words : 

“ I was selected,” he tells .us, “to draw up the report of this 
Commission. On this occasion, following the plan indicated in 
1856 by M. Herve Mangon, and taking advantage also of the more 
recent investigations of Dr. Frankland, I endeavoured to elucidate 
the principles involved in the land treatment of sewage by con¬ 
necting the process with, the phenomena of slow combustion of 
organic matter in an atmosphere containing oxygen; I investigated 
at the same time the conditions necessary to secure satisfactory 

* “ Receuil de Memoires efc d’Observationa tsur la formation et sur la 
fabrication, du SaJp&tre par les Contmissionnaires nommfe par ; I* Acad&nte 
poprle: jjugernent ■ du 'Frist; du .Salpdtre,””*-Pafis» \17.76; ; . ■ ■ v 
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purification in practice, 1 made a special point oi distinguishing 
Pvvo problems which, were often confused: purification simply and 
solely of Paris sewage, which would only require an area of 2000 
hectares (5000 acres), and agricultural utilisation of Paris sewage, 
which would require an area twenty times as great. 

“Boussiugault had just published the researches on nitrification 
that he had carried out some time previously. Blood, meat, wool, 
straw, and oil-cake did not nitrify when mixed with sand and 
chalk and allowed slowly to oxidise, but they rapidly nitrified when 
mixed with. soil. I had vainly tried to nitrify ammonia by adding 
it to sand and chalk and leaving the mixture exposed to air. These 
results led me to think that the property of bringing about nitrifi¬ 
cation was peculiar to soil. 

“ Wishing to fix my ideas on the subject, I made the following 
experiment-. A large tube, 1 metre long, was filled with 5 kg. of 
ignited sand mixed with 100 grams of powdered chalk. The sand 
was watered daily with sewage, the amount being so arranged that 
it. took eight days to traverse the tube. For the first twenty days 
there was no sign of nitrification, then nitrates began to appear, 
and the amount rapidly increased; finally, the liquid flowing out 
of the tube contained neither ammonia nor organic matter—the 
sewage was absolutely purified.” 

The quality of the man’s genius was revealed in two striking 
deductions drawn from this simple experiment. One was of 
supreme practical importance, and has revolutionised sewage dis¬ 
posal practice. 

<: Au point de vue de reparation des eaux d’egout, ^experience 
. . . prouve, en effet, qu’il n'est nullement neeessaire quo l 5 irriga¬ 
tion soit etablie sur les terrains agricoles ; de sables steriles sc 
pretent parfaitement a reparation, lorsque le ferment nitrique, 
apporte par les eaux memes, a pris possession du milieu.” 

From this to the modern bacteria bed is no great step, at any 
rate in principle. 

The second deduction was of even greater consequence for the 
development of agricultural science. Reverting to the delay of 
twenty days in the setting in of nitrification, Schloesing and Muntz 
asked why it set in. "With characteristic shrewdness they observed 
that this delay could scarcely arise if the process were purely 
physical or chemical; some biological factor seemed to be indicated. 
In order to test this possibility they added a little chloroform to 
the sewage ; nitrification at once stopped. They then removed the 
chloroform and “seeded” with a little fresh sewage; after an 
interval nitrification began again. This showed that the process 
was brought about by living organisms, and forthwith Schloesing 
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and Muntz announced the existence of a living ferment. The 
discovery at once attracted attention; Warington at Rothamsted 
immediately recognised its importance, and proceeded to investigate 
nitrification in the Rothamsted soils ; he was able to confirm the 
accuracy of Schloesing’s deductions. Later on, the proof was made 
more rigid by Winogradsky’s discovery of the organism. It is no 
diminution of the credit of the discovery that Pasteur in 1862 had 
already foreshadowed it, as Schloesing himself pointed out, in his 
remarkable statement: 

“ Beau coup d’etres inferieurs out'la propriety de transporter 
1'oxygene de Fair, eu quantito considerable, sur les matieres 
organiques complexes: e'est un des moyeiis done se sert la nature 
pour transformer en eau, acide carbouique, oxyde de carbon, azote, 
acid© nitrique, ammonia que, les elements des substances 
organiques elaborees sur l’influ'ence de la vie.” 

This research marks the beginning of soil bacteriology. It seized 
the imagination of the younger worker's, and speedily attracted 
recruits to the new subject. Although Schloesing did not himself 
develop the subject, be was satisfied that the “ ferment nitrique ” 
did not exhaust the list of soil organisms. Reverting to his earlier 
work on the absorption of oxygen by soils, he says in one of his 
lectures*: “ O’etait la, pensait-on alors, un fait purement 
chimique. On sait aujourd'liui que e’est principaleineht un fait 
biologique, e'est-a-dire que la combustion observe© est le resultat 
de la vie de nombreux organism.es, tel par example que le ferment 
nitrique, lequel est charge de transporter 1’oxygene sur i'azote.” 

These investigations by no means represent the whole of his 
work on soil, although they may well prove to be his most per¬ 
manent contributions to science. 

By a lengthy washing process, lie obtained a preparation of the 
finest clay particles which remained indefinitely suspended in pure 
water, but was precipitated by traces of a calcium or magnesium 
salt. This was commonly regarded as being in some sense the 
essential clay, and agricultural chemists marvelled at the.minute 
amount present even in heavy soils. The conception served a 
useful, purpose, but it has since been replaced by a broader one: 
the soil is now considered to be made up of particles varying f ront 
X mm. downwards to molecular dimensions, the different groups 
merging one into another without perceptible breaks. The clay 
group is assigned for convenience an upper limit of 0002 min., 
but this is regarded as purely conventional. 

Another important investigation, had to do with the movements 
of calcium carbonate .in the soil. The conditions of solubility of 
# Lofom de cMime agrieole,’ > 1883. 
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calcium carbonate in carbonic acid were determined, and the 
relationship between the quantities of these two substances was . 
shown to follow a logarithmic law. Deductions were drawn which 
threw important light on the practice of liming' and marling, and 
on the presence of lime in natural waters. 

During the course of these investigations, Schloesing was 
appointed in 1876 to the Chair of Agricultural Chemistry in the 
Institut Agronomique, then just founded. Eleven years later, in 
1887, he followed the illustrious Boussingault at the Conservatoire 
des Arts et Metieres. During his active period, his lectures were 
collected by his son in a volume, which still remains a source of 
inspiration to the student. 

In 1875 he began another important group of investigations: 
he carried out a series of determinations of the amount of ammonia 
in the air, and published some interesting speculations as to its 
source. He supposed that a great natural circulation took place ; 
the nitrates washed out from the soil find their way to streams and 
rivers, and finally to the sea; there they are reduced to ammonia, 
some of which escapes into the atmosphere, is blown over the land, 
and there absorbed by the soil or washed down by the rain. The 
ammonia then nitrifies, and such of the resulting nitrate as is 
washed out from the soil by rain-water passes once more through 
the same cycle. 

In like manner, he supposed a circulation of carbon dioxide 
between oceans and atmosphere, and in this way h© explained the 
smallness of the variations in amount of the carbon dioxide in 
the air from time to time. He considered that the proportion of 
carbon dioxide in the air was probably diminishing, although, of 
course, very slowly. "What/' he asked, “will be the result? ” 

“ Cet appauvrissement continue-t-il encore, et, s’il en est ainsi, 
ira-t-il jusqu’au point oh il causerait la ruin© de la vegetation et 
par suite la fin de tout© vie a la surface de la terre ? La solution 
de eet problem© d ? un si haut interet nous echappe absolument. 
Elle lie pourra etre donnee one par les generations qui viendront 
loogtemps apres nous.” ■ 

'Well-may we envy a man and a generation that had nothing 
worse to worry about! 


E. J. Russell. 
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ALFRE D SEN TE R. 

Born January 24th, 1853; Died June 29th, 1918. 


I. 

Alfred Senieu was born, on January 24th, 1853, at Burnley, in 
Lancashire. His father, who had been one of the early settlers in 
Dover, Wisconsin, had returned t-o< England some six years previ¬ 
ously to engage in business as a pharmacist, but for reasons of 
health, he found it necessary to return to America shortly after the 
birth, of Alfred, his eldest son. Thus except for a brief visit to 
England during infancy and another during his student days, 
Senior’s whole youth up to the time of his graduation as M.D. at the 
University of Michigan in 1874 was spent in the United States, 
chiefly at Mazomanie. Mr. Alfred Senier, the father, appears to 
have been a man of romantic disposition, which found its expression 
in a certain restlessness, leading him in early life to spend several 
years at sea and later to travel considerably in Europe. The son 
inherited this taste for travel, and was allowed to visit both London 
and Paris at the age of eighteen in the middle of his student career. 

Immediately after his graduation the family finally returned to 
London, where Senier obtained a post at the school of the Pharma¬ 
ceutical Society, first as assistant to Prof. Attfield and later as 
demonstrator. He was elected a Fellow of the Chemical Society in 
1875 and a Fellow of the Institute of Chemistry three years later. 

In 1881 he left the school of the Pharmaceutical Society in order 
to take charge of the chemistry teaching at St. John’s College, 
Battersea, where he remained for three years. 

During this period in London his interests extended beyond his 
professional duties, which hitherto did not seem to, offer him suffi¬ 
cient scope for his mental activities. Endowed as he was with the 
faculty of accurate reasoning, and with clearness and breadth of 
mental vision, his interest at this time turned markedly to philo¬ 
sophical questions. We find him appointed as honorary secretary 
and treasurer of the Aristotelian Society on April 19th, 1880, 
when it was first organised. He acted in this capacity until 1884, 
and in 1902 he was elected an honorary life member. At its fifth 
meeting he delivered a lecture to the Society on “Plato.” In 1882 
we find him delivering a series of lectures on the “ Elements and 
Early History of Terrestrial Physics ” to the Positivist- Society in 
Newton .Hall,' Fetter Lane. It is alsointeresting to observe that 
lie .wrote to ^w Pharmaceuiical Journal in 1877 a spirited letter in' 
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support at the'proposal to admit lady pharmacists into the Pharma¬ 
ceutical Society. 

In ISS4 lie left London for Berlin, where he studied chemistry 
under A. W. von Hofmann. It was at this period of his life that 
he received, his greatest inspiration. Enthusiastic and imaginative 
by nature* he threw himself wholeheartedly into his work, and soon 
attracted fclie attention of Hofmann, who* became his ideal as a pro¬ 
fessor, L&ctaer, and teacher. A close friendship bound him to his 
old mastac, in whose family circle he spent many happy evenings, 
and whose p ersonality made a lasting impression on his mind. 

Later m life when fulfilling his duties in an academic chair lie 
loved to Hi ink that the same happy relations existed between his 
students ancl himself as he had felt when a student of Hofmann. 
His inter east* in Ms past students never flagged. He was ever ready 
to help tli am, and always pleased to hear of their success. 

Seiners own exceptional powers as a teacher were no doubt due 
to a large extent to the powerful influence of Hofmann, of whom 
he was nievesr tired of speaking. Among liis papers this idea is 
expressed Ml words thus: “ I had special opportunities for studying 
the methods of teaching for which Hofmann was justly famous. 
He possessed that rare gift of inspiring his students with the dis¬ 
coverer ‘s enthusiasm. We discovered, with him to lead us, things 
known to science; and then, without realising a difference, we fol¬ 
lowed him to things that were new, and thus became chemists with 
the habit of research. With such a leader in research, with, such a 
teacher i» Hie right meaning of the word, no wonder that those who 
came within Inis influence became inquirers and teachers too.” 

On June 25th, 1887, lie graduated Ph.D. in Berlin, and returned 
shortly afterwards to London. 

Here h« *c«i aimed. for a few years writing articles for the standard 
dictionaries of chemistry until he was called to act as locum tenons 
for Maxwell Simpson, Professor of Chemistry at Queen’s College, 
Cork, in IS 30. The latter resigned the following year, and was 
succeeded • by, Prof. A. E. Dixon, of Galway. The vacancy thus 
created was filled by the appointment of Senier to the Chair of 
Chemistry at Galway,- which he occupied until his death. 

This Chari* when first established in 1849 was filled by Edmund 
Ronalds, who in the early days of the Chemical Society served as 
Secretary and also acted as Editor of this Journal. 

In addition to fulfilling the duties as Professor of Chemistry at 
Queen ? s Cellegey Galway, Senier acted as Lecturer in Medical Juris¬ 
prudence and Hygiene. 

. .. In Galway .Msprofessorial duties, liis work on the College Conn- 
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oil, and liis personal interest in his students engaged his closest 
attention. His strong personality and buoyant enthusiasm made a. 
powerful appeal to the minds of his students, with whom lie was 
always immensely popular. He was a champion of students’ 
interests, and never tired of reminding them that he was, and 
would remain, “ always a student.” Although not naturally 
attracted to athletic sports, lie quickly realised their healthy influ¬ 
ence and value in promoting esprit cte corps and harmony among 
young men, assembled from all parts of Ireland, from homes repre¬ 
senting all shades of religious and political differences. They sought 
and obtained in Galway a University training under a system which, 
although technically non-residential, was by reason of the small¬ 
ness and isolation of the “ Citie of the Tribes” virtually residen¬ 
tial. Senior seised his opportunity and quickly won the affection of 
all the students by becoming the active patron of their sports. He 
founded the athletic union and acted as its president and treasurer 
for seventeen years. The astonishing prowess of the football team 
in its competitions with the larger sister colleges of Belfast and 
Cork was in no small measure due to his sympathetic and generous 
support. 

Meanwhile, the problem of continuing his researches had to be 
faced, and was tackled courageously and successfully. At first little 
progress could be made, as Galway offered but a poor field for creat¬ 
ing and maintaining an advanced chemical atmosphere. Neverthe¬ 
less, he persisted in his attempt, and soon acquired a good chemical 
library and equipment sufficient to make a start. Well-furnished 
modern laboratories soon followed, and in conjunction with various 
assistants, demonstrators, and senior students he was eventually 
able to contribute a large number of papers, chiefly on acridines 
and on .photo-tropic and thermotropic compounds, to the Trans¬ 
actions of this Society. 

In 1908 the Royal University of Ireland conferred on him the* 
degree of D.Sc. honoris mum. This event was made the-occasion of 
a public presentation to him of an address and silver casket from his 
old students, whose eager and liberal response, even from the most 
distant parts of the world, bore ample testimony to the lasting 
feeling of reverence and goodwill in which they held tlieir old 
teacher and patron of their sports. 

He was elected a member of . the Royal Irish Academy, and in 
1912 he* acted as President of the Chemical Section of the British 
Association at the Dundee Meeting. 

When the National University of Ireland was created in 1908 
he took an active part in its- organisation and development. ■ He was' 
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a member of the Senate until his death., which took place- on June 
29th, 1918, in Galway after a brief illness. Senier married in 1887, 
and is survived by bis wife and two daughters. 


W. S. M. 


II. 

By the death of Alfred Senier the country lias lost one of its 
most enthusiastic and devoted workers in the domain of organic 
chemistry. The loss is felt most keenly by all his students and 
co-workers, who will always cherish the remembrance of his sympa¬ 
thetic and inspiring personality. In him the spirit of scientific 
inquiry was strong indeed, for in the face of difficulties, which 
would have baffled and beaten many a man of less sterling worth, 
his courage never failed, but enabled him to pursue uawearyingly 
the lofty ideals which he had formed in his youth and* to achieve 
a measure of success and distinction which will assuredly became 
fruitful in the future. 

Even before leaving America he had shown evidence of a desire 
to undertake original investigations, His first paper, on the analysis 
of soap, appearing in the American Journal of Pharmacy in 1874. 
At the School of the Pharmaceutical Society his aspirations received 
encouragement from Prof. Attfield, and he contributed a series of 
articles to the Pharmaceutical Journal, chiefly relating to the 
investigation of pharmaceutical preparations and including a table 
for the qualitative analysis of scale preparations, alkaloids, etc. The 
interaction of glycerol and borax particularly engaged his attention, 
because he found that he could utilise it as a means for detecting 
glycerol. In 1878 lie contributed to the Transaction» of the Chemi¬ 
cal Society *? A New Test for Glycerin.” He also published a num¬ 
ber of articles in the Sanitary Engineer. 

In Berlin Senier came under the powerful influence of A. W. 
von Hofmann. The enthusiasm which Hofmann aroused in him 
remained with him to the end, and he spoke of him almost with 
veneration in Iris public lectures. 

Inspired as he was by Ms experience in Germany, the whole course 
of Senior’s later life afforded abundant evidence that he had learned 
nothing of the modern German aggressive spirit of world-domina¬ 
tion. Indeed, his realisation of its existence only cam© to him 
after war was declared, and its.effect on him was painful in the 
extreme, as shown in his letters to the writer. 

In Berlin his attention was first directed to the action of heat on 
the formyl and thioformyl derivatives of aromatic amines, and later 
to the investigation of cyamiric acid and eyanuric chloride. He was 
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able to sliow that the alleged a- and jB-isomerides obtained by Herzig 
by the interaction of carbamide and hexabromoacetone were in 
reality identical with ordinary cyanuric acid. This work was 
embodied in his dissertation for the degree of Ph.D. 

Shortly after his appointment to Galway he reverted to the exam¬ 
ination of cyanuric acid, and found that the white solid produced 
by the* polymerisation at 0° of freshly distilled cyanic acid was not 
pure cyamelide as was supposed, but consisted chiefly of cyanuric 
acid mixed with 30 per cent, of cyamelide. 

Being greatly interested in all Hofmann’s work, lie decided to 
follow up the reaction by which ethylenediamines and piperazines 
are formed from arylamines. By using methylene dihaloids instead 
of ethylene dihaloids, he found that although the simplest aryl¬ 
amines give rise to methylenediamines, as the molecules increase in 
complexity through the inclusion of methyl groups or of condensed 
rings, the character of the reaction changes and results in the forma¬ 
tion of acridines. Thus from xp-cmmidme he obtained hexamethyl- 
acridine, and from a-naphthylamine a new dinaphthacridine. This 
result led him to study the subject of acridines in some detail, and 
a series of papers appeared in the Transactions. He also introduced 
a new and convenient system of notation in the acridine series. 
This work was followed by a paper on quinazolines and a series of 
papers on the synthesis of phototropic compounds, to which he was 
led by his observations oil salicylidene-m-toluidine during the course 
of his investigations on acridines. This discovery of phototropic 
change led him to* prepare and examine a large number of simi¬ 
larly constituted anils, many of which were also phototropic, 
although the property was by no means characteristic of the class. 
The change from the paler variety to the darker under the influ¬ 
ence of sunlight occurs rapidly in a few minutes—whereas the 
reverse change requires a much longer time. This process of 
reversal can, lie found, be* accelerated by raising the temperatures, 
but there appears to be for each substance a critical temperature 
above which the property of phototropic change disappears. In some 
cases this temperature is near the melting point; in others it is 
much lower; in fact, in the case of two* compounds examined, 
namely,: saliey 1 idene-p-anisidine and 2-hy droxy-3-m ethoxy benzyl- 
idene-'p- xylidine, no phototropic change is observed until a tempera¬ 
ture of — 20° is reached. Similar colour changes were observed to 
take place under the influence of heat instead of light, this pheno¬ 
menon being termed thermotropi/ by Senier. Thermotropy appears 
to be much commoner than pbototropy, and in many instances the 
thermotropes were also found to be phototropic. The suggestion was 
, .put.. forward; by Senier that these phototropic and thermotropic 
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changes are to be ascribed to isomeric changes affecting the aggre¬ 
gation of molecules in solids rather than to changes in the struc¬ 
tures of the molecules themselves. In his Presidential address to 
Section B of the Dundee meeting of the British Association in 1912 
he developed this idea of the existence of solid molecular aggre¬ 
gates. Several instances of polymorphic changes due to trituration 
were also examined, chiefly in the case of p-hydroxybenzylidenearyl- 
amines. This work, extending over several years, was the subject 
of a series of papers in the Transactions, and remains unfinished. 
No doubt it will be possible in the future to throw more light on 
the sub ject by means of optical measurements. 

Apart from his purely scientific studies, Senior took a deep 
interest in educational affairs. The difficulties which had to be 
encountered in Galway were due partly to the remoteness of the 
College from the main centre of scientific activity and partly to 
the anomalous character of the College during the greater part of 
Sender's life in Galway. 

Since the dissolution of the Queen’s University in 1879 the three 
Colleges at Belfast, Galway, and Cork had been reduced from the 
status of integral members of a university to that of colleges where 
students were able to study for the examinations of an external 
institution—the Royal University. In addition to- this loss of 
prestige, the College at Galway suffered through lack of active 
support by the people of Connaught. It was therefore not in close 
sympathy with its environment. This state of affairs has happily 
been remedied by the abolition of the Royal University and the 
creation in 1908 of two new teaching universities, namely, the 
National University of Ireland and the Queen’s University of 
Belfast. The College at Galway, re-named " University College, 
Galway,” became a constituent part of the National University, and 
Senier was elected to a seat, on the Senate. The existence of the 
College lias often been threatened, but it has survived and, indeed, 
attained a flourishing condition. There is no doubt that Senior's 
efforts to foster the spirit of scientific, research materially advanced 
the cause of education in Galway and in Ireland. In ids public 
lectures on “ A Visit to Giessen; or Thoughts on Liebig and Chem¬ 
istry in Germany” and “Bonn on the Rhine; Pages from its 
History and Stray Thoughts on Education ” he deals in a very 
attractive way with the history of the development of scientific 
research in Germany, and. in his lecture before the Royal Dublin 
Society in 1910 on u The University and Technical Training ” he 
made a very lucid and careful analysis of the various university 
systems in the world. In view of modern needs these essays * are 

* Published at Dublin, 1910, by Edward Ponsonby, 116, Grafton Street. 
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well worth reading', for he explains very clearly how industrial 
development does not depend on the technical education of the 
operatives, hut arises naturally from the development of the highest 
form of scientific activity at the universities. 

P. 0. Austin. 


JOHN BISHOP TINGLE. 

Born 1867; Died August 5th, 1918. • 

John Bishop Tingle, Professor of Chemistry in McMaster Uni¬ 
versity, Toronto, who died on. August 5th, 1918, at the age of fifty- 
one, after a brief illness, received, his early training at the Royal 
Grammar School, Sheffield, entering Owen’s College, Manchester, 
in 1884, under the late Sir Henry Roscoe. In 1887 he proceeded to 
the University of Munich to study with Claisen and von Baeyer, 
where he took the degree of Doctor of Philosophy in 1889. While 
at Munich his studies were essentially in organic chemistry, his 
dissertation for the degree dealing with the action of ethyl oxalate 
on aliphatic ketones. 

On returning to England Dr. Tingle held certain junior appoint¬ 
ments which offered him opportunities for research. Owing, how¬ 
ever, to unforeseen family responsibilities he was compelled to give 
up, for a time, his chosen career of investigation, and taught 
chemistry in secondary schools. 

In 1896 lie came to America and was successively professor of 
chemistry at the Lewis Institute, Chicago (1897-1901), Illinois 
College, Jacksonville (1901-1904), and assistant in charge of organic 
chemistry at Johns Hopkins University under Prof essor Rem sen 
(1904-1907). During his residence in the United States Dr. Tingle 
became sub-editor and abstractor in organic chemistry on the staff 
of the American Chemical Journal, his work being characterised 
with care and precision, and as his study of current literature in his 
chosen field was extensive and exhaustive he spared; no pains to 
make his abstracts clear, complete, and useful. His long training 
as an abstractor on the staff of the Journal of the Chemical Society 
specially qualified him to take this important part in organising the 
organic abstracts for the American journal, , 

Dr. Tingle was appointed professor of chemistry at McMaster 
University, Toronto, in 1907, in which post he laboured energeti¬ 
cally and faithfully until his death. It was perhaps in teaching, 
for which he. possessed a special talent, that Dr. Tingle did his best, 

; WOL.'JJXV. ' " ■ S' 
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and most valuable work for the country of his adoption. He was 
insistent on the importance of careful, accurate, and clean crafts¬ 
manship, and held that theory was useless and often .misleading 
without a knowledge of how it had been deduced and how it could 
be applied in practice. He laid special stress on the need of mani¬ 
pulative skill of the highest order as a necessary pre-requisite to 
orderly and clear reasoning and successful results. 

Dr. Tingle’s original work, embodied in upwards of thirty publi¬ 
cations, deals with problems of organic chemistry, and is centred 
chiefly round the mechanism of the “ Claisen reactions ” and the 
products and mechanism of nitration in the benzene series. His 
last paper, which did not appear in print until after his death, 
settled certain minor points previously undetermined, and was 
intended to clear the way for a comprehensive study of the laws 
governing nitration and the means by which their reactions could 
be controlled. Dr. Tingle made organic research his life work, and 
carried through to a successful issue a large number of investigations 
in his chosen field. He held a first place among organic chemists in 
Canada, and had he been spared it was expected that he would 
have been able in a few years to devote himself almost exclusively to 
research. Much has been lost by his death. 

In the sphere of Canadian war work Dr. Tingle was the first to 
recommend the intensive training of girls for employment in muni¬ 
tion. and chemical factories in Canada, and laid himself out ener¬ 
getically to instruct them towards this end. The extra work 
involved undoubtedly accelerated his death. 

He translated and edited several important works in chemistry. 
For a long time “ Spectrum Analysis,” by Landauer and Tingle, 
was the most comprehensive work on the subject in English. 

Dr, Tingle was a kind and generous man, taking a great personal 
interest in his students and their work and exciting their ambition 
and enthusiasm for advanced study. 

He leaves a widow and two children. 


W. K. L. 
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XXXIV. —Porphyroxine. 

By Jitendra Nath Raicshit. 

The ethereal extract obtained in the estimation of morphine in 
opium by the process described by the author {Analyst, 1918, 42, 
320) left a viscid, brown, crystalline residue on evaporation, which 
when dissolved in dilute acid always gave a solution, becoming 
more and more purple on stirring or heating. Previous authors 
do not agree regarding the composition of this colouring matter ; 
Merck, in 1837, prepared from opium a substance containing its 
colouring matter, and called it porphyroxine; Hesse remarked 
(J. nnaleri, 1870, 153, 47) that the substance prepared by the 
former investigator was a mixture of several alkaloids, one of which 
is mecomdine and another probably rhceadine. The sain© author 
(Amialen, Suppl., 1864—1865, 4, 50) noted that Merck’s porphyr¬ 
oxine agrees with rhoeadine in method of preparation, properties, 
and composition. It was thought desirable to investigate whether 
there is any alkaloid that may be correctly called porphyroxine in 
Indian opium. The alkaloid now isolated was very likely a con¬ 
stituent of what Dey ( Pharm . J,, 1882, .[iii], 12, 397) obtained on 
evaporation of the ethereal extract prepared by shaking an aqueous 
solution of opium made alkaline with sodium carbonate or 
ammonia, and apparently also .of what Merck called porphyroxine. 
Considering these facts and that the alkaloid gives a purple solu¬ 
tion with dilute acids resembling porphyry, the name porphyroxine 
may reasonably be retained. ” 

The alkaloid isolated is fairly readily soluble in water, in which 
respect only it resembles papaverine, codamine, nareeine, and 
codeine, but its other properties are in striking contrast with them ; 
the solutions of the base or its salts are strongly Isevorotatory, it 
does not sublime like codamine, and, unlike codeine, the aqueous 
solution of its hydrochloride gives a white or pale yellow precipitate 
with.ammonia,' 

Preparation. —Twenty parts of Indian opium powder and nine 
parts of freshly slaked lime were triturated in a mortar for five 
minutes, then 100 parts of water were ..added gradually during one 
hour, the trituration being continued. The solution was filtered 
and the filtrate shaken with an equal bulk of ether for ten minutes 
in ,a' separator.'. The ethereal layer was then filtered into another 
separator containing some dry lumps of calcium chloride, shaken 
for five minutes, allowed to nettle,, the ethereal solution decanted, 
"'filtered,: and ■ evaporated on a■ water-bath,: A pale.yellowish-brown, : 
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soft, crystalline residue was obtained, which when rubbed with a 
spatula on a porcelain plate for three to four hours became a dry 
powder. One hundred grams of this powder were heated with 
200 c.c. of light petroleum until the solvent boiled briskly, the 
whole was shaken for fifteen minutes, heated again to boiling, and 
the petroleum decanted as completely as possible, the insoluble 
residue being carefully excluded. This process of extraction was 
repeated five times, 100 c.c. of petroleum being used each time, and 
finally the contents of the flask were collected, dried, and powdered. 
Ten grams of this powder were triturated with 100 c.c. of 10 per 
cent, hydrochloric acid gradually added during half an hour, and 
then with 100 c.c. of water gradually added during another hour, 
and filtered quickly, the residue being washed with a little dilute 
hydrochloric acid. To the filtrate was added a saturated solution 
of sodium hydrogen carbonate, a thin layer of ether being kept on 
the surface of the liquid, and the latter was stirred until the addi¬ 
tion of a further quantity did not produce any effervescence. After 
remaining for half an hour for the complete separation of the pre¬ 
cipitate, .this was collected and washed with distilled water. The 
filtrate, measuring about 500 c.c., was shaken with 50 c.c. of chloro¬ 
form for fifteen minutes, the chloroform removed, and the process 
of extraction was similarly repeated thrice with 30, 25, and 25 c.c. 
of chloroform respectively. The chloroform extracts were mixed 
together, filtered,, the bulk of the solvent was distilled off, and the 
residue dried slowly on the water-bath; it was then kept, overnight 
in a desiccator. Sometimes the substance formed a soft, viscid, 
crystalline mass, but’generally a pale brownish-yellow, viscid 
varnish, which on rubbing with a spatula against the side of the 
basin for an hour became a crystalline, pink powder. Five grams 
of this powder were heated on a water-bath with 100 c.c. of light 
petroleum (b. p. 100—120°) ..just to boiling, the mixture was then 
shaken for fifteen minutes with a rotatory motion, heated again 
to boiling, and the petroleum decanted through filter paper, the 
undissolved residue being carefully excluded. The residue in the 
flask was again twice extracted similarly with 80‘ and 60 c.c., 
respectively, of light petroleum, care being always taken not to 
melt the substance, thus causing the extraction to be incomplete. 
The successive petroleum extracts' were collected and allowed to 
evaporate, when the base crystallised in groups of radiating, 
shining, pale yellow prisms, which were carefully separated from a 
thin film of non-crystalline residue, powdered, and dried in a desic¬ 
cator. Several samples from different preparations were analysed, 
the results of one only being given below: 
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0*2950 gave 0*7530 C0 3 and 0*1854 H S Q. 0 = 69*46; H = 6*98. 

0*253 „ 10*6 c.e. N 2 (moist) at 34° and 750 mm. N = 4*36. 

C 19 H 23 0 4 N requires 11 = 6*99; C=69*30; N = 4*26 per cent. 

Porphyroxine forms pale yellow or white, transparent prisms 
melting at 134—135° to a clear, transparent, straw-coloured liquid 
which solidifies on cooling. It is a non-deliquescent substance 
appreciably soluble in water, giving a strongly alkaline solution ; 
it is readily soluble in dilute acids, acetone, carbon disulphide, 
chloroform, or glacial acetic acid, moderately so in benzene, carbon 
tetrachloride, methyl or ethyl alcohol, toluene, or ethyl acetate, 
sparingly so in amyl alcohol, ether, light petroleum, ammonia, or 
barium hydroxide, and almost insoluble in aqueous sodium hydr¬ 
oxide, potassium hydroxide, or lime water.. When its dilute 
mineral acid solutions are kept exposed to air, they assume a fine 
pink porphyry colour. The base has a strongly alkaline reaction 
towards cochineal, methyl-orange, and litmus, bub has no- action on 
phenolphthalein. Iodine solution gives an orange precipitate with 
the aqueous solution of the base and a brick-red precipitate with 
its dilute hydrochloric acid solution. Mayer’s reagent gives a white 
precipitate with its aqueous solution and the usual pale yellow one 
with its dilute hydrochloric acid solution. Colour reactions of the 
base are often vitiated by the presence of a small quantity of 
impurity, and the following reactions were observed with a sample 
specially prepared by recrystallising three times from petroleum. 
It gives a red colour with concentrated sulphuric acid, a grass-green 
with concentrated sulphuric acid and a small quantity of potassium 
dichromate, a pale yellow with concentrated nitric acid, and an 
orange with concentrated hydrochloric acid; a brownish-red pre¬ 
cipitate is obtained on adding ferric chloride to its sulphuric acid 
solution, and when fused with potassium hydroxide it becomes 
brown and gives off a strongly alkaline vapour without becoming 
charred. 

0*2540, made up to 50 c.c. with chloroform, gave a -4*1° 
(Yentzke) in a 2-dem. tube at 32°, whence [a] —139*9°. 

The hydrochloride crystallises from water in prismatic needles. 
It is a stable salt, and, on heating, softens at 140° and. melts at 
155° to a clear, pale yellow liquid which does not solidify quickly 
on cooling: 

0*1168 gave 0*0460 AgCL Cl = 9*7. ' 

C l9 H 23 0 4 N,HCr requires Cl = 9* 7 per cent. 

It is a non-deliquescent, crystalline, stable substance readily 
soluble in water, chloroform, methyl or ethyl alcohol, or glacial 
acetic acid, sparingly so in amyl alcohol or carbon disulphide, and* 

T 2 
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almost insoluble iu acetone, benzene, carbon tetrachloride, ethyl 
acetate, ether, light petroleum, or toluene. 

0-2920, made up to 50 c.c. with water, gave a —4*0 a (Ventzke) in 
a 2-dcm. tube at 32°, whence [a.] —118*8®. 

The jdatinkhloride separates from a fairly concentrated aqueous 
solution as a bright, oehreous, crystalline powder. 

Found: Ft=18‘0. 

(G 19 H' 23 0 4 N,HCl)4PtC 1 l. i requires Pt=18-2 per cent. 

AVhen kept in a steam-oven for a long time, it slowly swells 
up and decomposes, forming a dark brown, spongy mass. It 
darkens at 188° and melts and decomposes at about 204°. 

The cmrichloride was obtained as a greyish-yellow, amorphous 
precipitate, which decomposed within an hour while remaining in 
the mother liquor. 

The hydrobromide crystallises in fine, white needles which melt 
at 148—150° to a pink liquid: 

0-3367 gave 0*1555 AgBr. Br=19*7. 

C ia H 23 0 4 N,HBr requires Bf = 19*5 per cent. 

It becomes slightly pink after two or three days, and is readily 
soluble in water, methyl or ethyl alcohol, or glacial acetic acid, 
sparingly so in acetone, chloroform, or ethyl acetate, and insoluble 
in amyl alcohol, benzene, carbon disulphide, carbon tetrachloride, 
ether, light petroleum, or toluene. 

0*4209, made up to 50 c.p. with water, gave a —4*4° (Ventzke) in 
a 2-dcm. tube at 32°, whence [a] -90*6°. 

The hy dr iodide was obtained as a pale brown powder, which 
melts and decomposes at 115°. The salt, once separated from, its 
aqueous solution, is very sparingly soluble in water, and therefore 
in, toe analysis toe silver iodide was precipitated from its alcoholic 
solution:'' ■■ 

' 0*1560 gave 0*8200 AgL 1 = 28*3. 

} 1ELI requires I = 27-8 per cent. 

. It is readily soluble in 'methyl or. ethyl alcohols, • very sparingly 
so waterj: Acetone, chloroform, ethyl acetate,' or' glacial acetic 
acid, and insoluble in amyl alcohol, benzene, carbon disulphide, 
carbon tetrachloride, ether, light petroleum, or toluene. 

0-3120, made up to 50 c.c. with alcohol, gave a-2*8° (Ventzke) in 
a 2-dcm. tube at 32°, whence [a] -77*8°. 

The sulphate separated from water in pale pink, radiating plates 
which, when washed with a mixture of equal parts of absolute 
alcohol and ether, melted at 193° to a pink liquid, with slight 
decomposition : y, y:y / y.b.:yyy 
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0*5120 gave 0T794 BaS0 4 . S~4'8. 

(C 19 H 23 0 4 N) 2 ,H 2 S04 requires S—4*3 per cent. 

It is readily soluble in carbon tetrachloride, chloroform, ethyl 
alcohol, or toluene, and almost insoluble in acetone, amyl alcohol, 
benzene, carbon disulphide, ethyl acetate, ether, or light 
petroleum. 

0‘5600, made up to 50 e.c. with water, gave a —7*2° (Yentzke) in 
a 2-dcm. tube at 32°, whence [a] —111*4°. 

The phosphate did not crystallise from water, but was obtained 
as a powder, which melted at 117° to a pale brown, transparent 
liquid: 

0*4312 gave 0*1175 Mg 2 P 2 0 7 . P=7*6. 

C 19 H 23 0 4 N,H 3 P0 4 requires P = 7*3 per cent. 

This salt quickly absorbs moisture when left exposed to a damp 
atmosphere' and becomes viscous. It is readily soluble in water, 
alcohol, methyl alcohol, or glacial acetic acid, sparingly so in 
chloroform, ethyl acetate, or ether, and insoluble in acetone, amyl 
alcohol, benzene, carbon disulphide, carbon tetrachloride, light 
petroleum, or toluene. 

0*5390, made up to 50 c.c. with water, gave a-6*1° (Yentzke) in 
a 2-dcm, tube at 32 <> , whence [a] -98*2°. 

The nitrate crystallises from water in voluminous, fine, feathery 
tablets melting at 122° to a transparent, pink liquid. An attempt 
was made to determine the nitratie nitrogen by the Crum-Fran k- 
■ land method, but as soon as sulphuric acid was mixed with a solu¬ 
tion of 0*1367 grain of the nitrate in the nitrometer, a blood-red 
coloration was at once produced, and only 1*0 e.c, of moist nitric 
oxide was evolved at 35° and 750 mm. The percentage of nitratie 
nitrogen thus found is only 0*38, whilst that required for 
Cj 9 H 23 0 4 N,HN0 3 is 3*80 per cent. Moreover, duplicate analyses 
did not always agree, and the nascent nitric acid reacts with the 
alkaloid before it does with mercury: 

0*1965 gave 0*4240 C0 3 and 0*1090 H @ 0. C=*58*7; H = 6*l. 

C 10 II 2ft O 4 N,HNO 3 requires C —58*2 ; H=6-1 per cent. 

It is readily soluble in water, chloroform, methyl or ethyl 
alcohol, glacial acetic acid, acetone, or carbon disulphide, sparingly 
so in benzene, carbon tetrachloride, ethyl acetate, ether, or toluene, 
and insoluble in amyl alcohol or light petroleum. 

0*6835, made up to 50 c.c, with water, gave «—9*1° (Yentzke) in 
a 2-dcm. tube at 32°, whence [a] —115*4°. 

The acetate was obtained as a, pale brown, transparent, viscid 
varnish: 
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0-2780 gave 0-6610 C0 2 and 0*1920 H 2 0. C = 64*8; H = 7*6. 

0 19 H 23 0 4 N,C 2 H 4 0 2 requires 0 = 64*8; H = 7*0 per cent. 

It is readily soluble in water, chloroform, methyl or ethyl 
alcohol, or glacial acetic acid, sparingly so in acetone or ethyl 
acetate, and insoluble in amyl alcohol, benzene, carbon disulphide, 
carbon tetrachloride, ether, light petroleum, or toluene. 

The oxalate crystallises from water in long, pale yellow, pris¬ 
matic crystals, which darken and melt at 182° with effervescence: 

0-1670 gave 0*0492 CaC 2 0 4 . C 2 H 2 O 4 =20*72. 

Ci 9 HoAN,C 3 H 2 0 4 requires C 3 H 2 0 4 = 21*48 per cent. 

It. is fairly readily soluble in water, methyl alcohol, or glacial 
acetic acid, sparingly so in acetone, ether, or ethyl alcohol, and 
insoluble in amyl alcohol, benzene, carbon disulphide, carbon tetra¬ 
chloride, chloroform, ethyl acetate, light petroleum, or toluene. 

0*9340, made up to 50 c.c. with water, gave a —12*3° (Ventzke) 
in a 2-dcm. tube at 32°, whence [a] —114*2°. 

The citrate is an amorphous, yellowish-white powder, which melts 
at 82—85° to a transparent, pale brown liquid: 

0*1135 gave 0*2680 C0 2 and 0*0735 H 2 0. 0 = 64*3; H = 7*l. 

(C 19 H 2a 0 4 N) 3 C 6 H 6 0 7 requires C=64‘l; II = 6*4 per cent, 

It is appreciably hygroscopic, readily soluble in water, methyl 
or ethyl alcohol, or glacial acetic acid, sparingly so in acetone, 
amyl alcohol, carbon disulphide, chloroform, or ethyl acetate, and 
insoluble in benzene, carbon tetrachloride, ether, light petroleum, 
or toluene. 

0*15.95, made up to 50 c.c. with water, gave a — 2*0° (Ventzke) 
in a 2-dcm. tube at 32°, whence [a] —108*6°. 

The tartrate is a, pink, crystalline powder, which melts at 
116—118° to a pale brown, transparent liquid : 

0*1080 gave 0*2475 C0 2 and 0*0650 H 2 0. C = 62*5; H = 6*6. 

(G ls ,H 2 3 O 4 N) 2 C 4 H (i O 0 requires C=62*4; H = 6*4 per cent. 

It is somewhat hygroscopic, readily soluble in water, methyl or 
ethyl alcohol, or glacial acetic acid, sparingly so in amyl alcohol, 
benzene, carbon disulphide, chloroform, or ethyl acetate, and in¬ 
soluble in acetone, carbon tetrachloride, ether, light petroleum, or 
toluene. 

0*1635, made up to 50 c.c. with water, gave a-1*8° (Ventzke) 
in a 2-dcm. tube at 32°, whence [a] —95*5°. 

The 'picrate is a bright yellow, crystalline powder, which becomes 
brown at 171° and melts\at 198°: 

0*1158 gave 0*2258 C0 2 and 0*0510 H 2 0. C=53*2; H=4.*8. 

C 19 H 2 A N A H A N 3 requires C = 53*7; H = 4-7 per cent. 
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It is a non-deliquescent, crystalline powder, readily soluble in 
acetone, chloroform, methyl or ethyl alcohol, glacial acetic acid, 
or ethyl acetate, sparingly so in water, amyl alcohol, benzene, or 
carbon disulphide, and almost insoluble in carbon tetrachloride, 
ether, light petroleum, or toluene. 

0‘2658, made up to 50 c.c. with water, gave a—1*5° (Ventzke) 
in a 2-dem. tube at 32°, whence [a] — 49-9°. 

Opium Factory, 

Oazjpur, India. [Received, October 31.sf, 19X8,,] 


XXXV .—Coagulation of Metal Sulphide Hydrosols. 
Part I. Influence of Distance between the 
Particles of a Sol on its Stability. Anomalous 
Protective Action of Dissolved Hydrogen Sulphide, 

By JSfANENDRA Nath Mukherjee and Nagendra Nath Sen. 

The coagulation of the sulphide sols has been studied by a fairly 
large number of investigators. There is, however, fundamental 
disagreement between the results obtained by different authors. It 
was suggested by one of us in a previous paper (J. Amer . Cliem. 
8>o6., 1915, 37, 2024) that the discrepancy is due to the difference 
in the methods of observation, some of which are undoubtedly 
defective. The method used in that paper is a comparative one, 
and is based on visual observation of the changes in the sol with 
time. It will be conceded that no objection can be taken against 
it, although it has one disadvantage in so far as it is not instru¬ 
mental,, This does not in any way interfere with the trend of the 
results. The method is found to be the most suitable one and 
gives concordant numbers. 

Contrary to the observations of Freundlich (Zeitsch. physikal. 
Cliem., 1903, 44, 129), it was shown that dilution with pure water 
increases the stability of arsenious sulphide hydrosols to coagulation 
by electrolytes. The electrolytes studied were all salts of uni¬ 
valent cations. The difficulty in explaining the observed facts on 
the basis of the adsorption theory as developed by Freundlich (loc. 
citibid., 1910, 73, 385; 1913, 83, 97; 85, 398, 641) was men¬ 
tioned. This point has also received attention from Kruyt and 
Spek. (Proc. K. Alcad . Wetemch. Amsterdam, X^lb r 17, 1158), who 
examined three electrolytes, namely, the chlorides of ■' potassium, 
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barium, and aluminium, but could not find the stabilising influence 
of dilution of the sols for ions other than potassion. They do not 
seem to recognise that the adsorption theory as it- stands is in¬ 
sufficient to explain all the facts observed, and do not consider the 
influence that the distance between the particles of the sol may 
have on the stability of the. sol. 

.“Further, Young and Neal {J. Physical Chem 1917, 21, 14), in 
a thorough study of cupric sulphide hydrosols, remark: the 

amount of electrolyte required is independent of the dilution of 
the sol within wide limits. This latter was found to he true within 
rather close limits by Freundlich for arsenic sulphide sols.” The 
method used by Young and Neal consists in mixing equal volumes 
(2 c.c. each) of electrolyte and sol and noting the respective, con¬ 
centration of electrolyte that just produces complete separation of 
the colloid in twenty-four hours and that which just fails to do so. 
These two limiting concentrations give a measure of the stability 
of the sol or the coagulative power of the electrolyte. This method 
is one due to Freundlich, and generally used by other workers. It 
will be noted that the concentrations of electrolytes employed are, 
necessarily, such as would require a fairly long time for the com¬ 
plete separation of the colloid. In the earlier paper {lac, cit.), the 
process of coagulation was discussed in detail, and it was stated 
that “ the time for complete settling is not characteristic of the 
rate of coagulation.” The justification of any method lies in so 
far as it indicates the progress of coalescence. The increased mass 
of particles with progress of coalescence introduces a new factor, 
namely, their gravitational effect, which masks the true behaviour 
of the sol, as will be clear from the following observations on 
mercuric sulphide sols. 

These sols are opaque unless very dilute. On the addition 
of electrolytes, there is a quiescent period followed by a 
sharp clearing of the whole liquid. At this stage, the liquid loses 
its homogeneous appearance, and visible clots are found suspended 
throughout the liquid. As the change is sharp, the times noted by 
different observers agree satisfactorily. In this way, it is found 
that a mercuric sulphide sol, on saturation with hydrogen sulphide, 
requires a longer time for the observed change than when it is not 
so treated—fche elecfcrolyte concentration, of course, being identical. 

These experiments leave no doubt that dissolved hydrogen 
sulphide increases the stability of the sol. The subsequent settling 
of these clots, however, requires a very long time, which is about 
the same for both samples. So long as the respective times required 
for the clearing of the sols are very small compared with the time 
required for the subsequent settling of the clots, it is found that 
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the times that are necessary for the complete separation of the 
colloid do not differ much in the two cases.' However, with electro¬ 
lyte concentrations where the clearing requires intervals comparable 
with that required for the subsequent settling of the clots, regular 
differences in stability are observed even if the times necessary for 
complete separation of the colloid are noted. 


Influence of Dilution on the Stability of a Sol. 

The method employed is to mix 5 c.c. each of sol and electrolyte 
in carefully cleansed test-tubes. For reasons discussed in the 
previous paper, the electrolyte is always added to the sol. 
Thorough mixing is secured by pouring the mixed liquids from one 
test-tube to another and repeating the process. The mixed liquid 
is shaken regularly at short intervals, ami the changes with time 
are observed. As before, the times required for perceptible change 
in the sol, for the attainment of maximum opacity, and for the 
first appearance of visible particles are noted. The time for com¬ 
plete separation of the colloid is also noted when thought desirable. 
The comparison is always carried out side by side. For sols of 
mercuric and cupric sulphides, the time for the appearance of 
visible particles is noted. With dilute sols, it is necessary to note 
the time for complete settling of the particles. 

Experiments were made on arsenious sulphide sols with solutions 
of hydrogen, ammonium, potassium, lithium, barium and 
aluminium chlorides, aluminium sulphate, and thorium nitrate. 
With sols of mercuric and cupric sulphides, solutions of potassium, 
ammonium and barium chlorides, aluminium sulphate, and thorium 
nitrate only were studied. All the glass vessels were cleansed by 
dipping them for twenty-four hours in chromic acid solution after they 
had been washed with dilute alkali hydroxide. The need for 
scrupulous care in the washing of the vessels and avoiding dust or 
other impurities cannot be too strongly emphasised, This holds 
especially for the extremely dilute solutions used in some cases. 

(a) Arsenious Sulphide’ Sols. 

In the presence of salts having univalent cations, dilution of the 
sol increases its stability in each case. The magnitude of the 
stabilising effect of dilution will be evident from table I. The 
electrolyte concentrations given are end concentrations, that is, 
whatresults;; after; mixing.: mentioned in the .'.several tables 

are different unless stated otherwise. “Coagulation” means the 
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breaking up of the colloid into flakes so that the liquid is clear or 
very slightly coloured. 


Table I. 

Sol A contained 17’58 millimoles of arsenious sulphide per litre. 
Sol B was prepared by diluting sol d five times, and sol G by 
diluting sol A ten times, with pure water. 

Electrolyte: lithium chloride. 


Dilution 

(after mixing). Sol. A. Sol. B. Sol. C . 

5Nj 16 ... — — Coagulation after 

20 seconds. 

SN/B‘2 ... — Coagulation after Coagulation after 

30 seconds. 50 minutes. 

NjS . Instantaneous Coagulation after Perceptible change 

coagulation. half an hour. after 8 minutes. 

Coagulation after 
2£ hours. 

iV/16 ... Change perceptible Change just after Change perceptible 
on mixing. mixing not per- after 45 minutes. 

Coagulation not ceptible. 

observed after 
hours. 


On the other hand, in the presence of the salts of aluminium 
and thorium, the stability decreases on dilution, as will be seen 
from table II. The data refer to the same three sols. The 
observations in tables I and II were completed within two days, 
and neglecting the slight “ageing’’ during this interval, the data 
may be taken as comparable. 

Table II. 

Electrolyte: thorium nitrate. 

Dilution. Sol. A. Sol. B. Sol. C. 

N /10,000 Instantaneous Instantaneous Instantaneous 

coagulation. coagulation. coagulation. 

1^/20,000 Perceptible turbidity Coagulation in 2 Coagulation within 
just after mixing. minutes. half a minute. 

Sol changes 
slowly.' 

2v T /30,000 Perceptible turbidity Perceptible turbidity Coagulation in 4 
after half an hour. after 5 minutes. minutes. 

2v/40.000 — ' Coagulation in 53 

minutes. 

Solutions of salts of bivalent cations display an interesting aspect 
of the effect of dilution of the sol on its stability. With dilute 
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sols, the stability increases oil dilution, whereas with sols very rich 
ill sulphide content, the stability diminishes on dilution, and for 
a rich sol it is possible to reach a limit where on further dilution 
the sol becomes more stable. Moreover, from table III it will be 
seen that the stability relations on dilution vary with the concen¬ 
tration of the electrolyte itself. 


Table III. 


Electrolyte : barium chloride. 

Arseuious sulphide sol containing 19*45 millimoles per litre. 


Dilution of Sol diluted 

Electrolyte. Original Sol. 4 times. 

N /800 ... Complete coagula- Change perceptible 
tion in 1 minute. in 20 seconds. 

Coagulation after 
4 minutes. 


Sol diluted 
16 times. 

Perceptible change 
after I minute. 
Coagulation after 
12 minutes. 


N/ 1000... Change perceptible Change perceptible 
after half a in 1 minute, 

minute. Clots Clots appear 

appear through- throughout after 

out after 17 18 minutes, 

minutes. 


Change perceptible 
after 2 minutes. 
Clots appear 
throughout after 
26 minutes. 


A/1200... Change perceptible Change perceptible 
in 2 minutes, in 2 minutes. 
Clots appear after Clots appear after 
1 hour 7 minutes. 52 minutes. 


Change perceptible 
after about 
3 minutes. Clots 
appear after 
1 hour 1 minute. 


(b) Mercuric and Cupric Sulphide Sols. 

In the case of mercuric and cupric sulphide sols, it is found that 
dilution increases the stability of the sol irrespective of the nature 
of the electrolyte. The effect cannot reasonably escape observation. 

All these apparently anomalous facts can be explained on the 
assumption that distance between the particles of a sol is an 
important factor in determining its stability. On the adsorption 
theory of Freundlich, coagulation is due to the neutralisation of 
the charge of the particles of the sol by adsorbed cations. Other 
things being equal, it follows that an increase in the total surface 
of the colloid would mean a decrease in the surface concentration 
of the cation, so that a higher concentration of the electrolyte 
would now be necessary to neutralise the charge on the particles. 
The amount adsorbed is necessarily small, and its effect can only 
be perceptible when (a) the difference in surface is great compared 
with the total quantity of the electrolyte present, that is, (&) when 
the electrolyte concentration is sufficiently low. It is evident that 
for the concentrations employed in the case of salts of univalent 

T* 2 
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cations the difference in stability predicted by the adsorption theory 
on dilution would be negligible. The adsorption theory thus pre¬ 
dicts that dilution of the sol will always diminish its stability, and 
in the limiting case of salts of univalent cations, this theoretical 
diminution may not be perceptible. 

It has been assumed in the above discussion that the individual 
particles in the sol do not change in any way on dilution, and hence 
the total surface of the colloidal particles will decrease proportion¬ 
ally to the dilution of the sol. 

The observed increase in stability cannot thus be explained by 
the adsorption theory as it stands. However, if it is considered 
that dilution also increases the distance between the particles of a 
sol, it explains easily the increase in stability observed. It may 
be-' stated here that Freundlich’s adsorption theory does not con- 
teniplate any effect of the distance between colloidal particles on 
the stability of the sol. The increased distance somehow decreases 
the facility for coalescence, and thus increases its stability, as will 
be evident from the sequel. 

Dilution thus brings into play two factors which have opposite 
effects on the stability of the sol. The observed increase or decrease 
in stability is due to the predominating influence of one over the 
other. The observations given in table III are instructive. In 
order that the difference in total surface may have a decisive effect 
on the stability, the quantities withdrawn by adsorption should be 
comparable with the total quantity of electrolyte present, that is, 
appreciable differences in the concentrations of the electrolyte in 
the hulk of the liquid should result with the different dilutions of 
the sol employed. 

As the dilution of the electrolyte increases, the differences in 
total surface become more dominant in determining the stability 
of the sol. On the other hand, if the electrolyte concentration is 
kept constant, then, as the dilution of the sol increases, the total 
surface of the colloid decreases rapidly, and the effect of adsorption 
becomes counterbalanced by that of the increase in distance. This 
is apparent from table IV. 


Table IV. 


Sol contained 3 9-45 millimoles of arsenious sulphide per litre. 
Electrolyte: aluminium sulphate. Dilution, A r /4000. 


Original Sol, 
Coagulation in 
7 minutes. 


Sol diluted 
.. 4 times. 
Coagulates im- 
.'mediately'' on 
*■: " 'mixing. 


Diluted 
16 times. 
Coagulation in 
40 seconds. 


■ Diluted 

20 times. 
Coagulation in 
. '50seconds,'.' 
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Further dilutions could not be examined, as it became increas¬ 
ingly difficult to follow the changes in the sol. 

With mercuric and cupric sulphide sols, much higher concentra¬ 
tions of electrolytes are required for coagulation, and it is interest¬ 
ing to note that in the case of these sols dilution always increases 
their stability. This may be ascribed to the fact that these sols 
are generally poorer in colloid content and that the adsorption is 
much smaller in comparison with the arsenious sulphide sols used. 

It should be remarked that the total surface varies directly with 
the dilution, whereas the mean distance between the particles varies 
with the cube root of the dilution. 


Comparative Stability of Sols having the same Colloid Content 
but differing in the Degree of Dispersion. 

In the foregoing, it’ has been assumed that on dilution the 
individual particles do not suffer any change. The observations of 
Coward (Tram. Faraday Sac., 1913, 9, 142) show that dilution does 
not bring about a proportionate decrease in the number of sub- 
microns, and that the migration velocity of the particles in an 
electric field changes on dilution. Young and Neal ( Joe . eit.) have 
also observed an increase in migration velocity on dilution with 
cupric sulphide sols. 

In view of these observations, a comparison of a pair of sols 
which have the same colloid content, but differ in the degree of 
dispersion, was thought desirable. This is possible with arsenious 
sulphide sols. Such a comparison has the advantage that, in 
reality, two sols are compared, one of which has a smaller number 
of larger particles, whilst the other has a larger number of smaller 
particles for the same volume. A simple calculation will show that 
the mean distance between the particles and the total surface of 
the colloid in a given volume differ in the same ratio. The ratio 
is given by where “ ”■ and “ n-% ” denote the number 

of particles present in each case. The relative effects of these 
factors can thus be compared directly. The finer sol will evidently 
contain a greater number of particles than the coarser on© 

The results leave no doubt as to the greater stabilising effect of 
increased distance. Of course, here also, with dilute electrolyte 
solutions and sols differing greatly in the degree of dispersion, the 
surface effect is perceptible.-' 

- . By varying the; conditions of ■ experiment, a series of sols ■ having 
the same sulphide content was prepared. For comparison, the 
coarsest and'the finest sols, are selected. 
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Table V. 

Electrolyte.: strontium chloride. 

Both sols contained 8'52 millimoles of arsenious sulphide per 
litre. 


Dilution. Sol I (fine sol). Sol II (coarse sol). 

27/200 ......... Coagulation after a few Coagulation after a minute. 

seconds. 

NJ 300 .. Coagulation after 2 Coagulation after 4 

minutes* minutes. 

N /40G ......... Coagulation after Turbidity perceptible after 

13 minutes. 1 minute. A portion of the 

colloid had separated after 
40 minutes. 

iV/500j . The greater portion had 

separated after 40 

minutes. * 


It appears that the magnitude of the difference in stability is 
roughly the same for the different electrolytes. It will be seen 
from the sequel that dissolved hydrogen sulphide has an anomalous 
effect on the rate of coagulation, of arsenious sulphide sol in the 
case of certain salts. Here, also, the greater stability of the coarser 
sol is quite marked. In table VI are given the respective con¬ 
centrations of an electrolyte which corresponds with about the 
same coagulation time for these two sols. 

Table VI. 


Comparable concentrations. 


Electrolyte. 

Sol I. 

Sol II. 

Remark. 

SrCl 2 . 

N/m 

27/400 


>f . .. 

Nf 400 

27/300 

In presence of H a S. 

LiCJ . 

27/8 

m/32 


NH 4 C1 .. 

Nf 20 

27/16 


KC1 .. 

N/20 

N/10 



Influence of Dissolved Hydrogen -Sulphide' mi the Stability of 
Metal Sulphide Sols . 

(a) Arsenious Sulphide. 

In the paper referred to, it was stated that dissolved hydrogen 
sulphide stabilises arsenious sulphide sols against coagulation by 
electrolytes. The electrolytes used at that time were salts of uni¬ 
valent cations. It has subsequently been observed that arsenious 
sulphide sols behave in an anomalous manner. /When solutions of 
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barium and strontium chlorides, magnesium sulphate, and thorium 
nitrate are used, the sol containing hydrogen sulphide becomes less 
stable. Tables YII and VIII show that the diminution in stability 
is as marked as the increase in stability observed with the other 
electrolytes. In each set of experiments, the sol and the electrolyte 
were both saturated with hydrogen sulphide freed from impurities. 
Five c.c. of each were withdrawn by means of a pipette with the 
help of a rubber hand pump and kept, in separate test-tubes. The 
liquids were then mixed as usual and kept well corked with india- 
rubber stoppers. Care should be taken that the liquids do not 
touch the rubber. 


Table VII. 

Arsenious sulphide sol containing 17‘58 millimoles per litre. 
Electrolyte: aluminium sulphate. 

Dilution. H 2 S absent. H 2 S present. 

A/24,000 ... Complete coagulation Partial coagiilation after 
after 2 minutes. 3§ minutes. 

A/30,0Q0 ... Partial coagulation after Only slight turbidity after 
6 minutes. Complete 21 minutes, 

after 11 minutes. 


Table VIII. 

Com.j>arahle Concentrations. 

Sol I. Sol II. 


H 2 S h 2 s 

Electrolyte, absent, present. 


KOI . A/ 18 A/8 . 

NH 4 C1 .A/20 .N112 

BaCL . A/800 A/ 1000 

SrClo .. A/300 A/400 

Th(NG 3 ) 4 . A/10,000 A/12,000 


Sol III. 


h 2 s h 8 s' h 2 s h 2 s 

absent, present, absent, present. 
' — — A/16 A/8 

A/20 A/12 A/20 A/12 

A/800 A/1000 — 

A/300 A/400 — — 


The data with thorium nitrate refer to the sol mentioned in 
table VII. Sols I and II are the same as those in tables V and 
VI. Sol III is a fine sol containing 34- 8 millimoles of arsenious 
sulphide per litre. 

The results show that the magnitude of the stabilising effect 
varies somewhat with the quality of the sol used. A quantitative 
comparison is beyond the scope of the present paper. 

(b) Mercuric Sulphide. 

Hydrogen sulphide has a similar influence on mercuric sulphide 
sols. Increase ,in stability was observed for ammonium and 







470 MTTKHERJEE AND SEN : OOAGDDATIQN OF 

potassium chlorides and a diminution for barium and strontium 
chlorides.. 

The sols were prepared as usual from the freshly precipitated 
hydroxide or sulphide after they had been washed free from electro¬ 
lytes. The sols had a blackish-grey appearance. 

The coagulation of these sols differs in one respect from that of 
arsenious sulphide sols, possibly due to the fact that they are 
comparatively poorer in sulphide content. Sols, unless very rich 
in sulphide, show a minimum coagulation time (as defined here).; 
for example, a mercuric sulphide sol gave a clearance time of about 
two minutes from NJ 20- to IF / 300-barium chloride. With more 
dilute solutions, the coagulation time increased rapidly as usual. 


(c) Cupric Sulphide. 

It is well known that dissolved hydrogen sulphide markedly 
stabilises the pure sulphide sols both in aqueous and non-aqueous 
media (Lottermoser, 3. pr. Ghem., 1907, [ii], 75 , 293) and facili¬ 
tates their solution, jfc is natural to conclude that the same, pro¬ 
tective effect would be observed with the sulphides of different 
metals in the presence of electrolytes. This is, however, not the 
ease here. It has been found that hydrogen sulphide diminishes 
the stability of cupric sulphide sols. This holds good for all the 
electrolytes studied, namely, potassium, ammonium, strontium, 
and barium, chlorides, and aluminium sulphate, and the anomaly 
observed with arsenious and mercuric sulphide sols is absent. 
Youiig and Neal (Joe, tit.) could not find any perceptible effect of 
hydrogen sulphide on the stability. This is prpbably due to the 
method they used. 

The observed diminution in stability can be understood from an 
observation of Young and Neal. They find that hydrogen sulphide 
diminishes the velocity of migration of the particles of a cupric 
sulphide sol in an electric field. It follows from the well-known 
Helmholtz-Lamb formula (Rep. Brit. Assoc., 1887, 495) that a 
diminution of the electric charge of the particles takes place pro¬ 
vided that other factors remain constant. The result will be a 
diminution in stability, as a smaller amount of adsorbed cations 
will now be required to discharge the' particles. As it is not clear - 
that simultaneous measurements of viscosity and other properties 
were made, the parallelism loses much of its significance. 

Solutions of ammonium, potassium, barium, and strontium 
chlorides, and aluminium sulphate were studied, With ammonium 
and pptassiqm chlorides, nearly saturated solutions have tp be used. 
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Table IX. 

Clearance time. 


Electrolyte. Dilution. H a S absent. H 2 S present. 

KCi .... — 8 minutes. A few seconds. 

BaCL . N/20 9 „ 4 minutes. 

Al a (S0 4 ) 3 . JV/2000 13 „ 9 


Protective Action of Alkali Sulphides and Alkali Hydroxides. 

Solutions of potassium and sodium sulphides have a more marked 
protective action. This stabilising influence has been found for 
ammonium, potassium, barium, and strontium chlorides, and 
aluminium sulphate on hydrosols of cupric, mercuric, and arsenious 
sulphides. The behaviour of the sols is thus very regular. 

This is also the case with alkali hydroxides. A trace greatly 
facilitates the preparation of sols rich in sulphide, and largely 
increases their stability. The protective action of alkali sulphides 
is probably due to the free alkali hydroxide present as a result of 
hydrolysis. 

Since these substances dissolve arsenious sulphide with the form¬ 
ation of arsenites and thioarsenites, it is not possible in this case to 
refer the protective action observed to the hydroxidions alone. 
Indeed, the liquid obtained by dissolving in a few c.c. of dilute 
alkali hydroxide as much arsenious sulphide as possible has an 
equally marked protective action on the sols of these three 
sulphides. However, as alkali hydroxide does not react with the 
other sulphides apd produces similar protective action, it is prob¬ 
ably that the effect of all these substances is due to the trace of 
free alkali hydroxide present as the result of hydrolysis. 

Freundlieh (Zeitsch. physikal, Ghent,, 1903, 44, 144) has 
observed that salts of alkali metals with organic anions of large 
mass have a lower coagulating power than the corresponding salts 
of inorganic acids, He refers this to the protective action of these 
anions, due to* greater adsgrbabjlity, but in view of the preceding 
this can as well be due ho the trace of alkali hydroxide present on 
hydrolysis, 

In conclusion, it may be stated that the anomalous influence of 
hydrogen sulphide is not without parallel- Recently Ereundlicli 
has found somewhat similar behaviour with ferric hydroxide 
hydrosol (Biochem. Zeitsch., 1917, 81, 87). An actual reversion 
of stability was not, however, observed : in this case.. ' So : far as can, 
be understood from the abstract of the paper, he explains these 
Irregularities as due to selective adsorption (Joe, cit.y It remains 
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to be seen how far these observations can be explained on the basis 
of the existing theories. 

Our best thanks are due to Sir P. C. Bay and to Dr. J. C. 
Ghosh. 

University College op Science, 

Calcutta, [Received, February 4 th , 1919.] 


XXXVI .—A Simple Form of Apparatus for Estimating 
the Oxygen Content of Air from the Upper 
Atmosphere. 

By Francis William Aston. 

From meteorological considerations, it is probable that air in the 
stratosphere or isothermal layer is stagnant, hence, owing to their 
different densities, the relative percentage of oxygen and nitrogen 
will not be identical with that in the troposphere, where mixing 
Is practically perfect. It is therefore of great importance that 
exact analyses should, be made whenever possible of samples of air 
brought down from the great altitudes now available to aeroplanes 
in order to find out at what height such gravitational separation 
becomes evident to chemical analysis. For this purpose, it is 
enough to determine the oxygen content of the sample after this 
Ras been dried and freed from carbon dioxide. 

A complete and exceedingly accurate method for determining 
the percentage of oxygen in air volumetrically has been described 
by Watson (T., 1911, 99, 1460). The apparatus which forms the 
subject of this paper is a modification of this, in which, by measur¬ 
ing the difference only in oxygen content between the sample and 
normal air, very considerable amplifications may be made, the 
pump and the cathetometer being rendered unnecessary. 

The samples are contained in test-tubes holding rather more than 
is required for an analysis (10 e.c.), in the tops of which have been 
fused a little potassium hydroxide. Here they remain over 
mercury for at least two hours before analysis in order to remove 
carbon dioxide and water vapour. 

The measuring burette and barometer tube (see figure) are 
normally kept full of mercury with the stopcock A turned on to 
avoid fracture by expansion. In order to perform, an analysis, the 
capillary stopcock B is closed and the reservoir G lowered until 
the level of the mercury in the barometer tube is a little below its 
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upper and broader part. The stopcock A is then closed, and the 
sample tube held down over the inverted syphon tube in the 
mercury trough D. When the capillary stopcock B is now opened, 
the air flows into the upper part of the burette and the mercury 
rises again to the top of the barometer tube; in order to prevent 
this happening with destructive violence, the lower part of the 
barometer is made of capillary bore (less than 2 mm.). After 
waiting for a few moments for pressure and temperature to adjust 



themselves, the sample tube is raised, flooding the end of the 
inverted syphon with mercury, the stopcock A is opened again, 
and by lowering the reservoir mercury is caused to flow through 
the syphon and fill the capillary tube when B is turned off. 

It will be seen that the volume of air introduced in this way is 
constant, being the volume of the upper part of the barometer tube 
(in the actual apparatus a little less than 10 c.c.) ; the pressure 
being atmospheric plus the small difference of level between the 
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top of the syphon tube and the mercury in the trough, the quantity 
will also be approximately constant. This quantity is ncfw accu¬ 
rately measured by adjusting the mercury level in the burette 
exactly to the lower fixed reading point, E x ; this can be done with 
the greatest nicety by bringing the mercury nearly up to the mark 
by manipulation of the reservoir and stopcock, and, finally (with 
the latter closed), squeezing the short length of rubber pressure¬ 
tubing with the screw clip provided as indicated. The volumes of 
the burette and barometer are such that the surface of the mercury 
in the latter will be somewhat as indicated in the diagram, and 
the lower movable reading point, F±, may be exactly adjusted to 
it by means of the micrometer screw, G. 

The barometer and the parts of the burette where readings are 
taken are all made of the same piece of glass tube 0-9 cm. in 
internal diameter to eliminate meniscus error. The reading points 
are all sleeves of brass tube 1 cm. long fitting the glass tubes, 
clamped in the case of the fixed points, sliding loosely in the case 
of the moving ones. , 

The reading of the micrometer having been taken, the air is 
now forced into the laboratory tube. This is a quartz test-tube 
holding rather more than 10 c.o., to the top of which (not quite 
in the centre) has been fused a pellet of phosphorus. These pellets 
may be easily made by allowing melted phosphorus to flow from a 
pipette with a narrow mouth into a tall cylinder of cold water, 
One spherule of about 2-—3 mm. in diameter should be ample, and 
this is introduced into the inverted quartz tube full of mercury, 
shaken into position, and fused into the side with a touch from a 
Bunsen flame. When all the air has been transferred from the 
burette to the quartz tube, the phosphorus is inflamed and then 
heated to boiling point in order to ensure the complete removal of 
all oxygen. Some time is allowed for the phosphoric oxide to 
settle, when the deoxidised air is drawn back into the burette. It 
was feared when the apparatus was designed that to perform this 
operation satisfactorily might be difficult, or even impossible, as 
small bubbles of air were expected to remain behind on the walls 
of the quartz tube, now of necessity contaminated with the pro¬ 
ducts of combustion. Such bubbles are formed, but they can be 
dislodged by touching with the syphon tube and then washed with 
a little mercury into the burette. 

In Watson’s apparatus, the deoxidised residue was measured at 
the same volume as the original air, necessitating the determination 
of two widely different pressures. In the present one, the residue 
ia measured at such a volume that if the air is normal the two 
pressures measured would be identical, so that a very small differ- 
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etice of pressure only need be determined. For this purpose;, the 
upper fixed reading point, A* is used, this being set once for all 
during the construction of the burette, so that the upper part cf 
the burette holds exactly 79-0 per cent, of the whole. The upper 
movable reading point, F 2 , is also soldered to the sliding carrier 
at exactly the same height above the lower one as that between 
the fixed points. Hence it will he seen at once that for normal 
air the mercury at the measurement of the residue should stand 
at the upper movable reading point, or, if the dimensions of the 
apparatus are not quite correct, at a constant small distance above 
or below it, a correction easily determined at any time by an 
analysis of normal air. If, on the other hand, there is reduction 
in the percentage of oxygen present, the mercury will stand at a 
higher level, the difference being measured on the micrometer, 

A decrease of oxygen from 21 per cent, to 20 per cent, corre¬ 
sponds with a change in height of mercury in the ratio of 79 to 
80; as the normal difference between the fixed and movable read¬ 
ing points in the apparatus in use is 237 mm., this gives exactly 
3 mm. per 1 per cent, change. The micrometer has a range of 
10 mm., which is more than ample for the changes expected, and 
analysis should be consistent to well within one-tenth per cent, 
on total air, the head of the micrometer being divided in twentieths 
of a millimetre, corresponding with one-sixtieth per cent. 

Temperature errors are minimised by the immersion of the 
burette and the most of the length of the barometer tube in a 
small water-jacket. As the time occupied in an analysis is only 
a few minutes, they are not likely to be serious. 

The following readings of the micrometer in mm. obtained with 
the apparatus will serve as an example. The first set of three 
were obtained with pure air, which is regarded as containing 21*00 
per cent, oxygen, the second with an artificial sample in which the 
oxygen content had been reduced, by the addition of a known 
quantity of deoxygenated air, to 20*42 per cent.: 


Pure air. 

. 3-65 3-38 4*83 

F„ . 3*39 3*20 4*55 


Biff. 0*26 0*18 0*28 


Mean diff. ...... ■ 0*24 

Decrease in percentage of oxygen 


Sample. 

4*52 5*55 5-40 
6*09 7*21 7*06 


1*57 1*68 1*54 


1*59 ■ 


1*59 + 0*24 
3 


= 06T giving per¬ 


centage of oxygen in sample-20*39, in good agreement with the 
value expected. 


FarnbokO'doh. 


[deceived, February 26th, 1919.] 






476 KING : THE RESOLUTION OK HYOSCINE AND ITS 


XXXVII .—The Resolution of Hyoscine and its Com¬ 
ponents j Tropic Acid and 0 seine. 

By Harold King. 

Hyoscine or scopolamine, the tropyl ester of oscine, and one of 
the group.of' Solanaceous alkaloids, receives varied and extensive 
use in medicine, and has on that account attracted the attention 
of many workers both from the chemical aspect and from the 
medicinal. 

During the last few years, the subject has acquired an additional 
interest and importance as a result of the recognition that oscine 
(or scopoline), the basic hydrolytic product, is capable of resolu¬ 
tion into its constituents d~ and Z-oscine. This follows from the 
resolution of behzoyloscine by Tutin in 1910 (T., 97, 1793) and 
from the partial elucidation of the structural formula of oscine 
by Schmidt and Hess and their co-workers, whereby it seems certain 
that oscine, unlike tropine, is not internally compensated. Apart 
from these two separate results, and in spite of the vast amount of 
work that has been carried out on oscine and hyoscine, there was 
nothing known which definitely pointed to this conclusion. Since 
tropic acid is also capable of resolution, and Gadamer {Arch. 
Pharm ., 1901, 239, 294) has shown that 7-tropic acid may be 
obtained by hydrolysis of Z-hyoscine, it follows that tropyloscine 
(hyoscine) might exist in ten, or possibly eleven, stereoisomeric 
forms consisting of four optically active, four partially racemic, two 
fully racemic, and one double racemic compound. The problem 
is in some ways analogous to that presented by the ten tetrahydro- 
quinaldinomethylenecamphors obtained by Pope and Read (T., 
1913, 103, 1515), but with this difference, that in the case of the 
hyoscines an approach is at present (apart from the rarity of the 
materials) not possible from the synthetic side, as hyoscine has as 
yet not been obtained by the esterification of oscine by tropic acid. 
The elucidation of the chemistry of the isomeric hyoscines and the 
correct allocation of the medicinal properties to be attributed to 
each is of considerable moment for both sciences. 

Our knowledge of the hyoscines as revealed by previous workers, 
so far as it appertains to the present subject, may be very briefly 
summarised. 

Naturally occurring Zneno-hyoscine has been obtained in a state 
of purity by several workers, and in the form of its well-crystal¬ 
lised hydrobromide is a commercial product. In the plant, it is 
apparently accompanied to some extent by ^-hyoscine, from which 
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it can be separated by fractional crystallisation of the hydro- 
bromides. Rac em ic hyoscine base, which can also be obtained 
from Z-hyoscin© by the action of alkalis, forms two hydrates, one 
crystallising with two molecules of water, and known as atroscine 
(Hesse), the other with one molecule of water. Two attempts to 
resolve racemic hyoscine are recorded, the first hy Schmidt (Arch. 
Pharm., 1898, 236, 56), who found that the salt with thiocyanic 
acid did not separate into' two mechanically separable crystalline 
enantiomorphs, as was the case with racemic lupanine (Schmidt 
and Davis, Arch. Pharm., 1897, 235, 196), the second by Gadamer 
(Arch. Pharm., 1901, 239, 294), who states that the quinic acid 
and eZ-mandelic acid salts of d2-hyoscine are very readily soluble 
and possess little crystallising power, and are therefor© not suit¬ 
able for the resolution of hyoscine. 

The primary mode of attack adopted in the present investiga¬ 
tion is based on some unpublished preliminary experiments by 
Tutin, who showed that Z-hyoscine of commerce forms a soluble, 
deliquescent salt with rZ-bromocamphorsulphonic acid which can be 
recrystallised from dry ethyl acetate containing alcohol, and also 
that when Z-hyoscin© is racemised by alkali, the product as a salt 
with the same acid can likewise be recrystallised, and the successive 
fractions of salt so obtained show a progressive variation in rotatory 
power. The author here gratefully acknowledges his indebtedness 
to Mr. Tutin for placing these results at his disposal. 

A quantity of crystalline hydrobromides of feeble Isevorotatory 
power, obtained as a by-product in the manufacture of the thera¬ 
peutically valuable Z-hyoscine, was fractionally crystallised as a 
salt with <rZ-a-bromo-7r-camphorsulphoiiio acid, when the first salt 
to be isolated was mcteloiddne hromocamphorsulphoriate (m. p. 
224—227°). This salt crystallises exceedingly well, and contains 
v-meteloidine (compare Pyman and Reynolds, T., 1908, 93, 
2077), On continuing the fractionation, d -hyoscine hromo- 
camphorsulphon/de was obtained , in a state of purity. It melted 
at .159—160°, and crystallised in glistening, acicular needles. 

d -Hyoscine hydrohromitle was prepared from it, and found to 
crystallise with three molecules of water and to possess a specific 
rotatory power [a] D -j- 23-1°, which corresponds with a value 
[a]p + 33-4° for the rZ-hyqscinium ion. dFor comparison, some of 
the maximum values recorded by previous observers for the la&vo- 
s&lt are tabulated below. 
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\-Hy oscin c Hydro b ro wide. 



[a]„ anhydrous 

[a ji, ionic 


salt. 

value. 

Schmidt 1 . 

-25-7°' 

-32*5° 

Hesse 2 ... 

— 25*9 

-32*7 

Thoms and Wentzel 3 . 

-25*76 

— 32*5 

Carr and Reynolds 4 —.... 

-26*0 

-32*8 

Willstatter and Hug 5 ...... 

-26*0 

-32-8 

King 6 .. 

-25*9 

-32*7 

d-Hyoscine Hydrobromide. 


King 7 ....... 

+ 26-3° 

+ 33*2° 


1 Arch. Pharm., 1892, 230, 207. 4 J. pr. Chem., 1901, [il], 64, 353. 

s Ber ., 1901, 34, 1023. 4 T., 1910, 97, 1330. 

5 Zeitsch. physiol. Chem., 1912, 79, 146. * P. 504. 7 P. 503. 

These values show that the purified Z-hyoscine hydrobromide of 
previous workers and the <f-hyoscine hydrobromide now isolated 
for the first time represent one pair out of the eleven possible 
stereoisomeric hyoscines. 

On mixing equal weights of pure d- and l-hyoscine hydro- 
bromides and recrystallising the mixture from water, d7-hyoscine 
hydrobromide, also crystallising with three molecules of water and 
in a form indistinguishable from the active components,, was 
obtained. It differs from the active components in that it very 
readily effloresces and in that the base obtained from it is crystal¬ 
line and contains two molecules of water. For the further 
characterisation of these three related compounds, their auri- 
chloricles, cmribromides, and picrates were prepared. The results 
are shown in the following table: 

LHyoscme. d-Hyoscine. di-Hyoscine. 

Base — 


Appearance ...... Syrup. Svrup. Prisms, 

H.,0 .. — — . 2H z O 

M. p. ............... —■■ — 38—40° 

H ydrobromide — 

Appearance ...... Large rhombic Large rhombic Large rhombic 

tablets. tablets. tablets. 

H,0 . 3H 2 Q 3H 2 0 3H,0 

M/p. (anhydrous) 193—104° 193—194° 181—182° 

fa]n (anhydrous) —25*9° -I-26-3° — 

Pier ate-— 

Appearance .. Slender matted Slender matted Needles. 

' needles/' . ' needles. 

M. p. 187—188° 187—188° 173*6—174-5° 
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Z-Hyoscine. cZ-Hyoscine. eZZ-Hyoscine,, 

Aurichloride — 


Appearance ...... Needles, both Needles, both Needles, one 

edges serrated, edges serrated, edge serrated. 
M. p.. 204—205° 204—205° 214—215° 

Auribromide—- 

Appearance . Chocolate-red —- Chocolate-red 

leaflets. . leaflets. 

M. p. 187—188° — 209—210° 


Some of these call for further remark in view of the results of 
previous observers. The racemic base crystallising with 2H 2 0 is 
probably a purer form of Hesse’s atroscine (Her., 1896, 29, 1776), 
which melted at. 36—37°, and was obtained by fractionally crystal¬ 
lising commercial samples of hyoscdne hydrobromide. It was 
obtained on one other occasion by Gadamer (Arch. Pharm., 1898, 
286, 382), who gives the melting point 37—38°. The ///-hyoscine 
hydrobromide agrees in it-s properties with those recorded by Hesse 
(Anrnden, 1899, 309, 75; J. Chem., 1901, [ii], 64, 353). 

The picrates have been recommended for identifying the 
mydriatic alkaloids by Carr and Reynolds (T.,. 1912, 101, 949), 
who describe /-hyoscine and rf7-hyoscine picrates as slender, matted 
needles melting* respectively at 180—181° and 193°, Neither of 
these melting points is in agreement with the results here recorded, 
which, however, do find support in the only two other recorded 
melting points of the picrates: Schmidt (Arch. Pharm., 1894, 232, 
409) describes /-hyoscine picrate as melting at 187—188°, and 
Finnemore and Braithwaite (Pharm.. J., 1912, 89, 136), from an 
examination of commercial samples of hyoscine hydrobromide of 
varying rotatory power, give figures which show that /-hyoscine 
picrate melts at 187—188° and ^/-hyoscine picrate at 174—175°. 

The aurichlorides have been described by almost all previous 
workers on the hyoscines, bnt there is complete disagreement 
between the recorded melting points. This is all the more sur¬ 
prising, as several workers have had in hand pure /-hyoscine hydro¬ 
bromide. To quote only two of these, Schmidt (Arch. Pharm.,: 
1910, 248, 641) states that /-hyoscine aurichloride of various 
origins has previously been shown to melt when quite pure at 
210—214°, whereas Hesse (J. pr. Chem.., 1901, [ii], 84, 274) states 
that after many crystallisations he never found any salt to melt 
above 198°. The melting points now recorded for the d- and 
/-hyoscine aurichlorides are for salts prepared in two different ways 
.. 'and, recrystallised to constant melting point. In substantial agree¬ 
ment; with these. values, Thoms and; ■ Wentzel ' (Ber., : 1901, 34, 
1023) give 204°, and Finnemore and Braithwaite (Joe. cit .) record 
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several almost pure commercial /-hyoscine hy dr obromides as furnish¬ 
ing aurichlorides melting at 200—-204°. 


Tropic Acid. The Acid Constituent of Hyoscine. 

As has already been stated, Gadamer showed that /-hyoscine on 
hydrolysis with the base tropine gave /-tropic acid. *This crude 
acid, on purification by recrystallisation from, water, gave /-tropic 
acid melting at 125—126°, and having a specific rotatory power 
in water [a] n —71-8°. Gadamer regarded this as optically pure, 
since Ladenburg and Hundt (Ber., 1889, 22, 2591) record the value 
Mr» +71*4° for pure 7-tropic acid melting at 127—128°. 

Instead of employing a base for the hydrolysis, /-hyoscine has 
now been hydrolysed by boiling with dilute hydrochloric acid, 
when a crude /-tropic acid (m. p. 125—127°, [a] B — 70*5°) was 
obtained, which on recrystallisation gave 7-tropic acid melting at 
127—128° and having [a] D — 76° in water. As this rotation was 
numerically considerably greater than the value recorded by the 
aforementioned workers, it was necessary to repeat the resolution 
of tropic acid. 

A comparison of the results obtained with those of previous 
investigators is shown in the following table: 


Quinine d-fropate — 

Ladenburg and 
Hundt. 

Araenomiva. 1 

M. p. 

95 per cent. 

180—187° 

ISO—190° 

alcohol ......... 

— 

.— 


King. 

191-5—192-5° 
-lit 0 


Quinine \-tropate— 


M. p... 

178° 

184—185° 

185—ISO* 

fa u 95 per cent. 

alcohol .. 

— 

— 

-141° 

d-Tropic acid — 

M. p... 

127—128° ■ 

120—127° 

128—120' 

[a] water —.. 

— 


481-0° 

[a] t) alcohol ...... 

4-71«4° 

4-71-3° 

471-8° 

' 1-Tropic acid — 

M. p. ' 

123° 

126° 

128—I29 c 

[«]„ water '......... 

—. ■ 

—72-7° 

■ —81-2° 

[a] 0 alcohol ... 

-65-1° 


— 


1 Arch. Pharm., 1902, 240, 501. 


-It is at once seen that Ladenburg and Hundt s value [ct] B + 71-4° 
is the value in alcoholic solution, Gadamer having regarded it as 
the value in water, as the aforementioned investigators were not 
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very explicit, merely stating that the specific rotatory power was 
+ 71'4° in solutions of various concentration. 

As previous workers appeared to have experienced some difficulty 
in obtaining pure quinine /-tropate from the mother liquors, a 
variant was made by converting the recovered partly resolved 
/-tropic acid into the quinidine salt. Further, by use of the two 
stereoisomeric alkaloids quinine and quinidine, but commencing 
the resolution with quinidine, 55 per cent, of pure quinidine 
/-tropate was first isolated, then an 80 per cent, yield of pure 
quinine Atropate, and simultaneously a 14 per cent, yield of pure 
quinine /-tropate. On reverting to quinidine, a further 19 per 
cent, yield of quinidine /-tropate was obtained. In this way, 
approximately 84 per cent, of the tropic acid was resolved into its 
constituents. It would, however, be probably an advantage, other 
factors being equal, to start the resolution with quinine and follow 
with quinidine, since experiment showed that, starting with 
quinine, 66 per cent, of quinine ('/-tropate was obtained pure, and, 
as stated above, starting with quinidine only, 55 per cent, of 
quinidine /-tropate could be separated. 

It is interesting to note that previous attempts to use quinine 
and quinidine for the resolution of externally compensated acids, 
in the above sense, have not always been successful. Whereas 
Fischer, Scheibler, and Groh (Ber., 1910, 43, 2022) found that, in 
the resolution of formyl-/3-alanine, quinine separated the Isevo- 
compouent and quinidine the dextro-, Scheibler and Wheeler (Ber., 
1911, 44, 2686) found that in the resolution of (//-leucine the same 
two alkaloids always gave the laevo-acid first. This was also the 
experience of McKenzie (T., 1899, 75, 969) in the resolution of 
mandelic acid. 

Oscine. The Basic Hydrolytic Product of Hyoscine. 

There are numerous instances recorded in the literature of the 
hydrolysis of /-hyoscine by alkalis, but the basic hydrolytic pro¬ 
duct, oscine, C s H I!{ 0 2 N, was invariably found to be devoid of 
optical activity, even in the presence of borates or strong acids 
(Gadamer, Arch. Pharm ,, 1901, 289, 322). The only occasion on 
which /-hyoscine has been hydrolysed by acids is recorded by Hesse 
(Annalen, 1892, 271, 100), who carried out the hydrolysis with 
concentrated hydrochloric acid in a sealed tube at 80—100°. This 
furnished the base, oscine, but there is no record of its polari- 
metrie examination. ■’ 

To decide this matter, pure /-hyoscine has now been hydrolysed 
by boiling with excess of 10 per cent, hydrobromic acid, the change 
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o! rotation being followed polarimetrically. When hydrolysis was 
complete, the /-tropic acid was removed by extraction with ether, and 
the residual solution of oscine hydrobromide was found to foe devoid 
of optical activity. As Tutin had shown that benzoyteZ-oseine on 
hydrolysis with hydrochloric acid gave dtoscine, the hydrolysis of 
Z-hyoscine was repeated, using hydrochloric acid. Again the oscine 
hydrochloride solution was inactive. As it was conceivable that 
the beiizoylation of oscine might have effected some fundamental 
change in the configuration of oscine, whereby the benzoylated pro¬ 
duct became externally compensated, and therefore capable of 
resolution, it was necessary to prove that oscine itself could be 
resolved into its constituents, d- and /-oscine. 

Several salts of oscine with optically active acids were prepared 
and examined. The salt with Reychler’s camphorsulphonic acid 
was not obtained crystalline, but with r/-a-bromo-7r-camphor- 
sulphonic acid a markedly crystalline salt was obtained, which 
melted at 232—233°. This salt, however, proved to foe a partial 
racemate. With d- a-bromo~j3-camphorsulphonic acid, a very 
readily soluble, crystalline salt was isolated, but beyond recording 
a single rotation, it was not followed further, as rf-tartaric acid 
was found to be eminently suitable for the resolution of oscine. 

The sepai'ation of c/7-oscine into its two pure enantiomorphs can 
be effected by use of d -tartaric acid alone, the acid salts being 
used for this purpose in aqueous solution. The more sparingly 
soluble salt, which separated almost pure after two crystallisations, 
is l-oscine di-hydrogen tartrate monohydrate (m. p. 173—174°, 
anhydrous), which crystallises magnificently in clear tablets or 
oetahedra. Employing 14 grams of oscine in combination with a 
like quantity of <7-tartaric acid, between 70 and 80 per cent, of 
this component was separated with no great difficulty. The 
d -oscine. d -hydrogen tartrate contained in the mother liquors can 
be obtained pure either by isolation as the monohydrate , a very 
readily soluble, metastable salt melting below 100 °, or, preferably, 
as the stable anhydrous salt (m. p, 167-—168°). The proportion 
of this salt obtained in a state of purity is largely a function of 
time, as it crystallises very slowly, but uncommonly well, in 
hexagonal-shaped tablets from the cold, syrupy mother liquors. 

1 -Oscine, pi crate, hydrochloride, and base were obtained without 
bringing into contact with alkali at any stage, but this was found 
afterwards to he an unnecessary precaution, as /-oscine is not 
racemised by boiling with, 10 per cent, acid or alkali, and only 
partly by saturated baryta at 150°. 

d-Qseine pi-crate, hydrochloride , and base were prepared in the 
usual manner by liberating the base from the hydrogen tartrate' 
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by a strong alkali. The properties of these salts as compared 
with the dZ-oscine salts are shown in the following table: 

d-Oscine. ■ Z-Oscine. dZ-Oscine. 

Base — 


Appearance . Needles. Needles. Needles or tablets. 

M. p. .. 109—110° 109—110° 109 — 110 ° 

[«]„ water . +54-8° —52*4° — 

Picratc —• 

Appearance . Dimorphous Dimorphous Flattened 

rhombs and rhombs and rhombs, 

needles. needles. 

M. p. 237—238° 237—238° 237—238° 

Hydrochloride — 

Appearance . Warts composed Warts composed Warts composed 

of prisms. Very of prisms. Very of prisms (anhy- 
deliquescent. deliquescent. drous). Tablets 
(hydrated). 

M. p. 273—274° 273—274° 273—274° 

[<*]» in water of 

basic ion . + 24-0° -24-2° — 


It is noteworthy that the active and dfhisomerides have the same 
melting points, and mixtures of the active with the dl show no 
depression of the melting point. In the case of the bases, the 
melting-point curve is thus of the same type as is found for the 
camphoroximes. 

By hydrolysis of benzoyl-cZ-oscme, Tutin (Joe. mt.) obtained a 
value for the rZ-oscinium ion of [a]^. + 129°,* which he regarded as 
only approximate. As this was very different from the value 
recorded above-, it was necessary to repeat the resolution of benzoyl- 
oscine. Pure benzaytaZ-oscine hydrochloride was obtained having a 
value [a] D +13*4°. for the benzoyl-fZ-osciiiium ion, in agreement 
with the value +12'9° calculated from the rotation of the bromo- 
earnphorsulphonaie. This hydrochloride was submitted to hydro¬ 
lysis by acids and alkalis. In both cases the result was the same, 
a solution being obtained which, on removal of benzoic acid, gave 
values [«]» + 26-0° and [aJ D + 25'8°, by acid and alkali hydrolysis 
respectively, for the cZ-oscmium ion. Moreover, the hydrochloride 
and picrate were isolated from the product of acid hydrolysis, and 
the properties were in agreement with, the eZ-oscine salts obtained 
by the tartaric acid resolution of oscine. 

Interpretation of Results* 

The question now arises, whieh of the eight possible optically 
.active- stereoisoineric hyoscines ■. do d~ : and Z-hyoscine. represent % 

* Tutin gives the value +77*7°, having overlooked the loss of the benzoyl 

group* - ' ■ - ;■■■■; ’ ' Y 
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Tli© various possibilities are shown in the following table, the 
centre column representing optically pure forms, which, combined, 
as shown by the arrows, yield partially racemic forms: 


Partial racemates. 


5. dl-tvopyl-d- 

oscine 



6. cZZ-tropyl-Z- 

oscine 



Optically pure forms. 
1. Z-tropyl-cZ-oscine 

/ 2. Z-fcropyl-Z-oscine 



Partial racemates. 

7. Z-tropyl-cZZ- 

oscine 


3. d-tropyl-d-oscine 

4. «7-tropyl-/-oscine 


""A 8. dl-tropyl-dZ- 
. oscine 


Of these, 1 to 6 are at once excluded, since Z-hyoscine on hydro¬ 
lysis with acid or alkali gives 7-tropic acid and </7-oscme, whereas 
benzoyl /i-oscine under similar conditions yields optically pure 
c/-oscine. On these grounds, l- and cZ-hyoscine, represented by 7 and 
8, are therefore partially racemic esters, Z-hyoscine being a mole¬ 
cular combination of Z-tropyl-rZ’-oseine and Z-tropyl-7-oscine, whilst 
<7~hyoscine is a similar combination of c7-tropyl-^-oscine and 
Atropyl-Z-oscine. 

The known inactivation of Z-hyoscine by alkalis would, oil this 
basis, simply consist in the change of configuration of the tropyl 
portion of the molecule, probably through the intermediary of the 


ch 2 *oh ch 2 -oh ch 2 -oh 

Ph-Q*C0 2 R Ph-(j:c<^ ^ Ph-CJ-H 
H 6q 2 R 

enolic form, and each constituent ester of the partial racemate 
should give rise to a new ester. 

In support of this, some work, which is reserved for future 
publication, on the re-resolution of raeemised d-h.y oscine has 
resulted in the isolation of two esters only, d- and Z-hyoscine, which 
is not surprising, as these, being partial racemates, would contain 
the four expected optically pure forms. 

As opposed to the partial racemic ester nature of d- and * 
7-hyoscines may be cited the rarity of the occurrence of partial 
racemates in nature, and the novel behaviour of the hyoscines 
towards Abromocaxnphorsulphonic acid, which, so far as ^7-hyoscine 
is concerned, only resolves (M or weakly active hyoscine as far as the 
partially racemic ester stage. Although this behaviour is, as far 
as it has been possible to ascertain, unique, it is only necessary to 
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recall that in the early days of the application of Pasteur’s methods 
of resolution the formation of partially racemic salts was only 
rarely observed, whereas at the present time it is recognised as of 
very frequent occurrence. 

At the present stage of the investigation there seem to he only 
two other possible alternatives, both of which appear rather remote. 
In the first place, d- and Z-hyoscines may he optically pure forms 
which, owing to some specific effect of the tropyl group, yield 
dl -oscine on hydrolysis, or, secondly, oscine may possess a different 
configuration in the tropyl ester from that in the benzoyl ester and 
in the free state, whereby the tropyl group is attached to an 
internally compensated ^-oscine, which, on hydrolysis, gives rise 
to a resolvable oscine. 

dl-JAy oscine raises a further difficulty, for there are three possible 
f/f-hyoscines, as is shown by the following arrangement: 


"Double 
racemate G 


The optically pure forms may be combined in pairs, as indicated, 
to form two different simple, racemates, A and B, or all four forms 
may be combined to form a double racemate, <7. On the accepta¬ 
tion of the partial racemic ester nature of d~ and 7-hyoscines. 
dl~b.y oscine hydrobromide crystallising with three molecules of 
water, and obtained by crystallising together equal weights of d- 
and /-hyoscine hydrobromides, constitutes a double racemic salt, 
the absence of any indication of the presence of another salt and 
the identical crystalline appearance of d~ or ^-hyoscine hydro¬ 
bromide and this salt supporting this view. Moreover, the base 
crystallising with 2H 2 0 is the base contained in this cff-salt, as 
both give the same pier&te. 

As has already been indicated in the opening paragraph, there 
is another hydrate of racemic hyoscine base, containing l’floO and 
melting at 56—57°. It was first obtained by Schmidt (Arch. 
Pharm., 1894 , 232, 409), was re-examined by Luboldt ( ibid 1898, 
236, 11), and more fully investigated, by Gadamer (ibid., 382). 
The last-named investigator showed that the dihydrate can readily 
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be converted into the anonohydrate, but the reverse change was 
only effected with difficulty. Both hydrates were afterwards 
described by Hess© •(,/. pr. Ohem., 1901, [ii], 64, ,353), who could 
not substantiate Gad am ex’s claims. In reply, Kuuz-Krause. (ibid., 
1901, [ii], 64, 569) examined Gadamer’s three-year-old specimens, 
and the dihydrate had in every case -changed into the base (m. p. 
54—55°). 

The author has not, so far, been successful in obtaining this 
monohydrate, so is unable to state with certainty what is the rela¬ 
tion between these two -racemic hydrates from the point of view 
of the partial racemic ester nature *of d- and hbyoscme. 

The bearing of these results on the structural formula of oscine 
deserves a passing notice. The most recent and most complete 
formula is that -put forward by Hess (Mer., 1918, 61, 1007), who 
ascribes to oscine the structure 


,GH—C-OH-OH 

CH< NMe | 

^OH—O—UH 

c O 


=c s h 13 o 2 n 


where the linking a is regarded as being probably attached to one 
of the carbon atoms of the piperidine nucleus. The experiments 


on the stability of the active oscines towards racemising agents 
certainly support this linking. Pyman and Reynolds (T., 1908, 
98, 2077) have pointed out the close relationship which exists 
between tropine, oscine, and teloidine, all of which contain eight 
carbon atoms and a hydroxyl group in the molecule. Moreover, 
their acyl derivatives are found together in Datura meieloides. 
The author is tempted to make the suggestion that, like tropine, 
the oxygen atom in question in oscine is attached to the '/-position 
in the piperidine ring. Oscine would therefore be the internal 
anhydride of a trihydroxytropine, and this trihydroxytropine may 
be teloidine. The formulae suggested are: 




Tropine. 


d- or 2*Osdne 2 
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H- 


-0H 


H—•—S 


/\ 

/ h\—H 


OE 


H- 


/ OH. /| 

_Z_/ H. 


N H 

Me 

Teloidine ? 


Teloidine would thus be internally compensated, and in support 
of this view may be cited the occurrence of meteloidine (fciglyl- 
teloidine), in nature devoid of optical activity, and the non-resolu¬ 
tion of meteloidine by bromocamphorsulphonic acid. Further, 
Hess (loc. cit.) observed that dihydro-oscine, which undoubtedly 
has the formula 

/OH—CH-CH-OH 

CH 2 <^ &Me j 

\CH 2 -~CH-CH*OH 

readily produces a silver mirror when treated with ammoniacal 
silver nitrate solution. The author finds that teloidine and 
meteloidine, unlike oseine, also readily reproduce this characteristic 
of dihyclro-oseine, the reducing property being probably associated 
with the adjacent hydroxyl groups, as is found in tartaric acid. 


Experimental. 

Resolution of Tropic Acid. 

With Quinine .—Following the method described by Ladenburg 
and Hundt 1889, 22, 2591), tropic acid (25 grams) was 

neutralised to litmus with quinine base (48’8 grams anhydrous) 
in hot 50 per cent, alcohol. A 49 per cent, yield of a quinine 
tropate separated. It melted at 176—-179°, and had [o] D —126° 
in 95 per cent, alcohol (c=l). For further purification it was 
recrystallised from 95 per cent, alcohol, and, after five crystallisa¬ 
tions, 17 grams of quinine J-tropate were obtained pure. By 
working once more through the mother liquors, a further 7'4 grams 
of pure salt were obtained without difficulty. These two separations 
combined represent 66 per cent, of the dextro-component. 

Quinine i-tropate crystallises from. 8 parts of boiling alcohol in 

VOL. OXV. U 
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groups of radiating needles. In "water it is very sparing soluble. 
It melts at 191*5—192*5° (195-5—196*5° eorr.).: 

0*1035, dried at 100°, gave 0*2706 C0 2 and 00633 H 3 0. 

0=71*3; H = 6*8. 

C 30 Ho 4 O 2 N 2 ,C 9 H 10 O 3 requires C=71*0; 11 = 7*0 per cent. 

Tlie specific rotation was determined in 95 per cent, alcohol. 
c = l*01; l = 2-dcm.; a D -2°IS 7 ; [a] D -113*8°. 

In absolute alcohol the rotation is smaller. 

c = l*013; Z=2-dcm.; a B -2°6*4 / ; [a] D -104*0°. 
c = 1*002; Z — 2-dcm.; a D -2°5*4 / ; [a] D - 104*3°. 

As previous observers appeared to have experienced some diffi¬ 
culty in obtaining quinine Z-tropate in a state of purity, no attempt 
was made at this stage to isolate this salt. The mother liquors 
were therefore combined, and the tropic acid containing excess of 
the kevo-component was recovered. Small test samples were con¬ 
verted into the neutral salts with brucine, cinchonine, and quin- 
idine, but although the two former gave crystalline salts, the 
crystallising power of these was not so pronounced as the salt with 
quinidine. Accordingly, 3*5 grams .of this partly resolved tropic 
acid were crystallised as quinidine salt, when 4*2 grains of quinidine 
'Z-tropate were obtained of constant specific rotatory power. 

Bevolution, with Quinidine and Quinine.—dl -Tropic acid (15 
grams) was neutralised with quinidine dissolved, .in 50 c.c. of 95 
per cent, alcohol. On keeping, 22 grams of crystalline material 
separated. It was obviously a mixture, and had [a] B +151° in 
95 per cent, alcohol (c,=2). After four crystallisations, the specific 
rotation was constant at [a] D +145°, and the collected quinidine 
Z-tropate amounted to 5*5 grams. 

Quinidine l-tropate crystallises from 95 per cent, alcohol, in 
which it is soluble in its own weight at 80°, in clusters of well- 
formed, stout, transparent prisms containing one molecule of 
water. These exhibit a pronounced heliotrope triboluminescence 
when powdered in the dark. The air-dried salt when heated in a 
capillary tub© shrinks from about 110°, liquefies between 118° and 
120°, and effervesces at 124°. When, .however,-,it is exposed on a 
watch-glass to a temperature of 90°, it melts completely, and 
crystallises again on addition of alcohol : 

0*2038, air-dried, lost 0*0069 at 100°, H 2 0 = 3*4. 

0*1029 ,, gave 0*2590 C0 2 and 0*0672 H 2 0. 0 = 68*7; 

11 = 7*3. 

C 20 H 24 O 2 N 2 ,C 9 H i0 O 3 ,H 2 O requires H 2 0 = 3*5; 0=68*5; H = 7*l 

per cent. ' 
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Its specific rotation was determined in 95 per cent, alcohol, and 
is dependent on the concentration. 

c = 0*979; Z = 2-dcm.; ct D +2°55-2'; [aj^ + 149'l 0 . 
e = 1-995; t— 2-dcm.; + [a] D +144'7°. 

The mother liquors were worked up further, and gave an addi¬ 
tional 7-2 grains, [a] D +146°, This is approximately a 55 per cent, 
yield of quinidine /-tropate. As the liquors now showed no 
tendency to crystallise at all readily, they were combined, and the 
tropic acid was recovered by use of ether and hydrochloric acid 
(10 per cent.). On now crystallising as the quinine salt, after 
three crystallisations, 14‘8 grams of quinine tropate were obtained 
pure, [a] D —114° (c = l), and a further 2*8 grams with [a] D —115°. 
The first mother liquors on concentration deposited quinine 
f-tropate as a homogeneous crop (4*8 grams) of glistening, tri¬ 
angular plates having [o] D —139°, and melting at 184—185°. It 
was recrystallised twice from 95 per cent, alcohol, the specific rota¬ 
tion remaining constant at [a] D —140‘7° and the melting point at 
185—186°, but the form of the crystals changed to needles very 
similar in appearance to quinine rZ-tropate. 

Quinine Z-tropate melts at 185—-186° (189—190° con*.). It is 
very much more readily soluble in hot alcohol than is quinine 
rZ-tropate. The diverse crystalline forms described above do not 
constitute a case of dimorphism, but merely represent extreme 
crystalline forms. By suitably modifying the conditions of crystal¬ 
lisation, a series of intermediate forms may be obtained consisting 
of more or less elongated trapezoidal plates. Unlike quinine 
cZ-tropate, this salt exhibits a very faint triboluminescence, the 
intensity of which is not visibly affected by the form of the 
crystals: 

0-1083, dried at 100°, gave . 0'2817 COo and 0-0668 H 0 0. 

C=71-Q; H = 6*9. 

C 20 H 24 O 2 N 2 ,C 0 H 10 O 3 requires C=71'0; H i =7‘0 per cent. 

The tropic acid contained in, the residual liquors was recon¬ 
verted ink, the quinidine salt, when 4'3 grams of quinidine 
Z-tropate were obtained, having [a] D +145°. The residual 'solution 
was not further examined. - 

By the use of the two bases quinidine and quinine, there were 
thus isolated in an approximate state of purity 88 per cent, of 
quinine arid quinidine Z-tropates and 80 per cent, of quinine 
<Z-tropate. The proportion oftropic acid- resolved is 84 per cent. 

. Quinidine rZ-tropate was not isolated, but, on keeping in the ice 
chest, a small crop of white, woolly needles separated from the 

U2 
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.mother liquors (together with quinidine Z-tropate), which was 
probably this salt in an impure condition. 

d-Tropic Add. 

Pure quinine eZ-tropate (16 grams) was acidified with 50 c.c. of 
5 per cent, hydrochloric acid and completely extracted with purified 
ether. The crude acid so obtained (5‘1 grains) melted at 

127— 128^, and had [a] D + 77-2° in water (c = l). On recrystal¬ 
lisation from water, the melting point rose to 128—129°, and the 
rotation to [a] D + 79°. After two more crystallisations, the melt¬ 
ing point remained unchanged, hut the rotation rose to 
[®]d +81'6°. The yield was 3T grams. 

fZ-Tropic acid crystallises from water in delicate, lustrous scales, 
which become transformed on keeping in contact with the solution 
into elongated prisms of hexagonal cross-section. Both forms melt 
at 128—129° (129—130° corr.) and are anhydrous: 

0*2014 was equivalent to 11*9 c.c. Nj 10-baryta. ’ 

M.W. = 169. C 9 H 10 O 3 requires M.W. = 166. 

The specific rotation was determined in alcohol and in water. 

In water: 

c= 1*027; Z = 2-dcm. * a D +l°40*6'; [a]„+81*6°. 

In absolute alcohol: 

c = 0*997; Z=2-dcm.; a D +1°24*2'; [a] D +7G*3°. 

0 = 2*472; Z=2-dcm.; o D +3°33*l+ [a] D + 71*8°. 

The specific rotation of the ion was determined by dissolving 
0*200 gram of df-tropic acid and 0*0638 gram of anhydrous sodium 
carbonate in water and making up to 20 c.c. The dissolved carbon 
dioxide was not removed: 

l = 2-dcm.; a + 1°22*9'; [a] D for ion + 69*4°; [M ] 0 for ion+114*7°. 
Gademer (Arch. Pharm., 1901, 239 , 294) has previously noted a 
fall of rotation of Z-tropic acid on converting into a salt, but has 
not followed it quantitatively. 

1 Tropic Acid . 

From Quinidine l-Tropate. —Four grams of pure quinidine 
Z-tropate, on treatment with hydrochloric acid (10 per cent.) and 
extraction with ether, gave 1*35 grams of Z-tropic acid, which, 
after three crystallisations from water, gave 0*5 gram melting at 

128— 129° (129—130° corr.). The specific rotatory power was 
determined hi water, and was slightly less than that of the purest 
cZ-tropic acid 

. c = 0*935; l = 2-dcm.; a D . —1°37 / ; [a j B 81 *2°. 
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From Quinine 1-Tropate. —5'8 Grams of this salt gave 2*0 grams 
of /-tropic acid, which was recrystallised four times from water, 
giving 1*35 grams melting at 128—129°, and with a specific rota¬ 
tion — 81*2°: 

c = 1*002; Z —2-dcm.; a D -l°37*6'; [a] D -81*2°. 

/-Tropic acid prepared in this way had the same general proper¬ 
ties as the dextro-acid. It is very sparingly soluble in cold benzene, 
but freely so in cold methyl ethyl ketone or ethyl acetate. From 
the latter solvent, it crystallises exceedingly well in clear tablets: 
0*1975 was equivalent to 11*72 c.c. N ( 10-baryta, 

M.\V. = 168. C„H I0 O 8 requires M.W. = 166. 


The Resolution, of 0seine. 

Partial Racemate with d-a-Brom<m-cam.pharsulphonic Acid -.— 
Two and a-half grams of oseine were converted into this salt, which 
was very conveniently recrystallised from absolute alcohol. The 
first crop of crystals weighed 4*9 grams, melted at 232°, and gave 
[a] D +58*8° in water (c — 2). It was recrystallised twice more 
from absolute alcohol, yielding, finally, 3*6 grams melting at 
232—233°. The specific rotation determined in water was prac¬ 
tically unchanged: 

c = 2*001; / = 2-dcm.; «,»+2°22*4'; [a] n +59*3°; [M] n + 276*7°. » 

The value for the molecular rotation 276*7° is in good agreement 
with the molecular ionic value 278*7 for bromocamphorsulphonic 
acid (Pope and Read, T., 1910, 97; 2200). 

dl-Oscmr d-a-bromo-ir-cainphorsnlphonate crystallises exceed¬ 
ingly well from absolute alcohol in clear, diamond-shaped plates. 
Ten parts by volume of boiling absolute alcohol are required to 
dissolve one part by weight of the salt. It melts at. 232—233° 
(237—238° con*.): 

0*0995, dried at 100°, gave 0*1703 CO.> and 0*0526 H,0. 

0 = 46*69; H —5*91. 

CgH 13 O 2 N,C 10 H 15 O 4 BrS requires C=46*34; H = 6'05 per cent. 

Behaviour with d- a-BromcrP-camphorsitlphon ?‘c Acid. —Six- and 
a-half grams of oseine were combined with an equivalent of 
^-a-bromo-j6-camphorsulphonic acid. The salt could not be 
obtained crystalline either from water or from a mixture of ethyl 
acetate and absolute alcohol. A very concentrated solution of the 
salt in absolute alcohol, however, crystallised as a cake of needles 
on keeping for a prolonged time in the ice-chest. It was too readily 
soluble for systematic fractionation from absolute alcohol, and the 
addition of dry ethyl acetate unexpectedly prevented crystallisa- 
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tion. The first crop of crystals from absolute alcohol was collected, 
and weighed 8*7 grams. It melted, at 150—155°, and its specific 
rotation was determined in water: 

c = 2*00 ; 1= 2-dcm.; « D +2°27-4 / ; [a] D +61-4°; [M] D +286-3°. 

This product was recrystallised from absolute alcohol, but in 
the meantime tartaric acid had effected the resolution of oscine 
quite simply, so the investigation of the above salt was dis¬ 
continued. 

With Camphor-fi-svlphonic Acid .—Attempts to crystallise this 
salt were ineffective. 

Resolution by d-Tartaric Acid* —f/f-Oscine (13*9 grams) was con¬ 
verted into its d-hydrogen tartrate by addition of 13-5 grams of 
d -tartaric acid in aqueous solution. The solution was concentrated 
to a low bulk, and gave 13-8 grams of a salt crystallising in 
hexagonal plates and with a specific rotation [ct] D + 3*5° in water. 
After one more crystallisation, it gave 10*2 grams and had 
[o]d + 1*1°. This value was not appreciably altered by subsequent 
repeated crystallisation, and represents the optical constant of the 
salt l -oscine fl-hydrogen tartrate. 

1 -Oscine d-hydrot/en tartrate crystallises with one molecule of 
water of crystallisation in large and clear octahedra. Very often 
these have a flattened appearance, and, more rarely, one-half the 
.faces may be almost entirely suppressed, with the formation of 
tetrahedra. Unbroken crystals melt at 134° with effervescence, 
but when powdered partly melt at about 130° and gradually 
liquefy up to 160°. The anhydrous material melts at 173—174° 
(176*5—177*5° corr.). It is readily soluble in cold water, but the 
crystals can be washed with 50 per cent, alcohol with little loss, 
'Prom dilute alcoholic solutions, this salt tends to separate as an 
■ ®1» - 

0*3126, dried at 105°, lost 0*0181. H 2 0 = 5*8. 

€ g H iri 02N,C 4 H (> 0 c ,H s O requires H 2 0 = 5*6 per cent. 

0*1159, dried at 100°, gave 0*1996 CO a and 0-0690 IUO. 

C-47-0; H = 6-7. 

C s H 3S 0 2 N,C 4 H c 0 s requires C=47*2 H—6*3 per cent. 

The specific rotation was determined in water; 

c = 2*007; Z = 2-dem,; a I) +2*56 / j [a] D +l*06°. 

The average value, for nine different samples of the pure salt, of 
[a] B was +1*29°, the extremes being +-0*93° and +1*56°. Taking 
this average value for [a]^ the molecular rotation [M] D is calcu¬ 
lated as +4*18°, and employing Landolt’s value (. Ber 1873, 6 ? 
1075) for the molecular rotation of ammonium hydrogen tartrate, 
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+ 42-34°, the value for the Z-oscinium ion is [M] D — 38 - 66°, whence 
Md —24*7°. 

On continuing the fractionation of the mother liquors, 71 per 
cent, of the Z-oscine cZ-hydrogen tartrate present was isolated in a 
state of purity. The separation was materially accelerated by 
inoculation of the less mobile solutions, followed by addition of 
alcohol in insufficient amount to precipitate an oil. The residual 
solutions, now relatively rich in cZ-oseine cZ-hydrogen tartrate, were 
concentrated to a syrup, and, on allowing to remain in a desiccator 
exposed to a dehydrating agent, crystallised as a striated mass of 
crystals. These were collected, freed from the adhering syrupy 
mother liquor, first by suction and then by very limited use of 
5G per cent, alcohol as a washing agent. The salt was a mono¬ 
hydrate, and gave [a] D + 23'7°. It was recrystallised from water, 
and separated under similar conditions as a felted mass of needles. 
These now gave [a] D +27*3° (anhydrous). 

cl -Oscine d -hydrogen tartrate momhydrate melts from 55° to 
65°, forming a meniscus at the latter temperature. It readily 
effloresces when exposed to the atmosphere, and when dehydrated 
in a vacuum over sulphuric acid loses its water of crystallisation. 
The anhydrous material still melts at 55—65°. This is probably 
the melting point of an amorphous form, as, on keeping, it acquires 
the melting point of the 'crystalline anhydrous salt, namely, 
163—165° (see below). 

Three different samples of the salt were analysed for their water 
content. The first, representing a freshly collected salt, gave the 
following result: 

0*4502, dried over H 2 S0 4 , lost 0*0320. H 2 0 = 7*l; 
and a salt which showed some* signs of efflorescence, gave the 
following 

0*2023 lost 0-0091. H 2 0=4*5. 

. CgH'igOgNjOifH^jHgO requires H 2 0 = 5 *6 per cent. 

On keeping for some time, this salt had completely effloresced: 

0*1180, dried at 100°, lost nil. 

0*1180, dried at 100°, gave 0*2055 C0 2 and 0*0649 H 2 0. 

0=47*5* H = 6*15. 

■' 0 s H 13 0 2 H,0 4 H fi 0 6 ' requires C=47*2; H!=6*3 ■ per cent. 

The specific rotation of the dehydrated salt was determined in 
'■ water: ■ 

c*0*949; l — 2-dcro.; a* + 31*1'; [a] D +27*3° 

.'.When the hydrated saltiswashed with absolute alcohol, itis 
transformed into a white, crystalline powder, which is the 



494 KING : THE RESOLUTION OP HYOSCINE AND ITS 

anhydrous salt and the stable form at the ordinary temperature. 
When crystallised from water, the anhydrous salt separates from 
a syrupy solution very slowly in large, hexagonal-shaped tablets, 
which, unlike the hydrated salt, can he washed freely with 50 per 
cent, alcohol. If a syrupy solution is inoculated with a trace of 
both forms, hydrated and anhydrous, the hydrated form crystal¬ 
lises first, filling the liquid space, and, on keeping, disappears 
entirely, being replaced by the stable, anhydrous form. For the 
isolation of pur© <7-oscine ^hydrogen tartrate, the latter form is 
the more convenient. The process is, however, very slow, owing 
to the solubility of dkoscine ^-hydrogen tartrate and the. slow 
velocity of crystallisation from viscous solutions. 

d -0seine d -hydrogen tartrate melts at 167-—168° (170—171° 
corr.y. 

The specific rotation was determined in water and for a salt 
which had been crystallised to constant rotation: 

c = l'016; J = 2-dcm. * a +34'; [a] D + 27-87*• [M] T> + 85*17°. 

This gives a value +42*3° for the molecular rotation of the 
df-oscinium ion and [a] +27*10°. This is somewhat greater 
numerically than the value [a] D — 24*7 obtained by a similar calcu¬ 
lation for the 7-oscinium ion. As this is beyond the limits of 
experimental error, it is probably another example of the pheno¬ 
menon first drawn attention to by Pope and Read (T., 1912, 
101, 760), who show conclusively that the molecular rotatory 
power in aqueous solution of certain salts of the type /-base d-acid 
is in agreement with the value calculated from the separate ions, 
but that the combination debase ff-acid gives an abnormal value. 

1-Oseine Pi crate. —Six grams of pure 7-oscine ^-hydrogen tartrate 
were added to a boiling saturated solution of 4*25 grams of picric 
acid in 80 c.c. of water. As the solution cooled, the major portion 
of the salt crystallised in long needles, but when only luke-warm 
a denser form appeared in the shape of small, modified rhombs. 
The yield was 6'35 grams and the melting point 237° (decomp.). 
The combined product was recrystallised from 35 c.c. of hot water, 
and, on removing the source of heat, separated at once in long, 
glistening needles. These were collected while the solution was 
still warm, the filtrate continuing to deposit solely needles for 
some time, and then rhombs. The filtrate was heated to dissolve 
all the crystals, and when cold only deposited the rhomb-like form 
of crystal, which closely resembles dl-oscAne- picrate. The yield of 
needles was 4*95 grams, melting at 237—238° (decomp.) 
(242*5—243*5° corr.), whilst the rhombs amounted to 0*95 gran^ 
and also melted at 237—238° (decoiup.). Both forms a,re 
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anhydrous, and either form when mixed with —oscine picrate, 
which itself also melts at 237—238°, shows no depression of the 
melting point. At the ordinary temperature, the needle form of 
picrate is certainly the unstable one, as is readily shown by adding 
a drop of saturated picric acid solution to a few small crystals of 
/-oscine /'/-hydrogen tartrate and rubbing with a glass rod. The 
crystals dissolve instantly, and a homogeneous crop of needles first 
makes its appearance, followed quiekly by minute rhombs, and in 
a short time the needles will have entirely disappeared, their dis¬ 
integration and solution being readily followed with the aid of a 
microscope. This behaviour is useful as a test as to whether one 
is dealing with active or </Z-oscine salts, since dl-oscine picrate has 
always been observed to separate in small, flattened rhombs. 

l-Oscine Hydrochloride .—Four grams of Z-oscine picrate (needle 
form) were decomposed by shaking with three molecular propor¬ 
tions of 5 per cent, hydrochloric acid, and the picric acid was 
removed by ether. The solution of the Z-oscine hydrochloride was 
completely dehydrated by repeated evaporation to dryness with 
absolute alcohol, leaving, finally, a white, crystalline powder, which 
was dissolved in 10 c.c. of boiling absolute alcohol. On keeping, 
Z-oscine hydrochloride separated in aggregates of small prisms in 
the form of warts; a few isolated prisms were also present. The 
product was collected, and amounted to 1*4 grams. It melted and 
decomposed at 273—274° (281—282° corr.). A mixture with 
/^Z-oscine hydrochloride (m, p. 273-—274°) also melted at the same 
temperature. Unlike /^Z-oscine hydrochloride, the laevo >-salt is very 
highly deliquescent. A direct comparison of the two was made by 
exposing a few crystals of each on watch-glasses to the atmosphere. 
In a few minutes, the laevo -salt had completely liquefied, whilst the 
c/Z-salt was apparently unaffected. On keeping for an hour, how¬ 
ever, the latter showed signs of deliquescence, and the deliquesced 
salt recrystallised in well-formed tablets melting partly at about 
100°, and probably representing the monohydrated c/Z-oscine hydro¬ 
chloride described by Luboldt (Arch. Plmrm., 1,898, 238, 18). 

The specific rotation of Z-oscine hydrochloride was determined 
in water, employing a salt which had been dried at 100°: 

c-0'997; Z=2-dcm.; o,= -2'3*6'j [a]*, -19*71°; [M] D -37-76°; 
whence [a] D for the Z-oscinium ion is — 24'2°, whereas the ,value 
calculated from the molecular rotation of Z-oscine //-hydrogen 
tartrate, was—24*7°.. ■ " 

l-Oscine Hydrochloride from 1-0 seine Picrate (Rhombs ).—As 
has been indicated above, dh oscine picrate and Z-oscine picrate 
melt at the same, temperature, - and the stable modification of 

D* 
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Z-oscine picrate crystallises very similarly to d'Z-oscine picrate. It 
was therefore necessary to prove that this stable form of Z-oscine 
picrate did actually contain the active base. Accordingly, O’5 
gram of Z-oscine picrate (rhombs) was converted as quantitatively 
as possible by means of ether and three molecular proportions of 
A/lQ'hydrochloric acid into Z-oscine hydrochloride. The solution 
was concentrated somewhat and inade up to 20 e.c. In a 2-dcm. 
tube the observed rotation was — 25’3 / , from which it is calcu¬ 
lated that the Z-oscinium ion has — 21°, a value in good agree¬ 
ment with that observed directly for Z-oscinium hydrochloride. 
The solution was then dried, and the hydrochloride recrystallised 
from alcohol. It gave O' 11 gram of highly deliquescent Z-oseine 
hydrochloride melting at 271—-272°', and when tested with satu¬ 
rated picric acid solution gave the unstable needle form of Z-oscine 
picrate, changing into rhombs. 

1-0 seine Base .—-To avoid the action of alkalis, which it was 
thought might cause partial racemisation, l -oscine base was pre¬ 
pared as follows. Z-Oscine picrate (4*75 grams) was treated with 
three equivalents of dilute sulphuric acid solution, and the picric 
acid removed by purified ether. After treating with charcoal to 
remove the last traces of picric acid, the solution was concentrated 
under diminished pressure to about 20 c.c., and excess of pure 
barium carbonate added. On allowing to remain overnight, the 
solution was free from sulphanion, and only contained /-oscine 
partly present as carbonate. The major portion of the Z-oscine was 
readily removed by extraction with freshly purified chloroform, the 
remainder being retained by the dissolved carbon dioxide. When 
the latter solution was evaporated to dryness in a vacuum over 
sulphuric acid and redissolved in a little water, the rest of the 
oscine was readily extracted by chloroform. In this way, the 
Z-oscine was recovered quantitatively as base. The first chloroform 
extract on complete removal of the solvent crystallised at once. 
The product was white and amounted to T45 grams. It had a 
specific rotatory power of [a] D —52*8° in water. It melted at 
109—110°, the same as ('//-oscine, whilst a mixture of the two 
showed no depression of the melting point. When recrystallised 
from, light petroleum, it separated in long needles. The melting 
point was unchanged at 109‘5—110'5° (eorr.). 

The specific rotatory power was determined in water: 

c—T010; Z=2-dcm.; a-l<>3-6'; [a] D -52'4°. 

With Mayer’s reagent (potassium mercuric iodide), Z-oscine base 
gives no precipitate, but in the form of a salt it gives a crystal- 
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line precipitate. The presence of a slight excess of acid prevents 
the separation of crystals. <7/-Gscine behaves similarly. 

Action of Acids mul Alkalis on- l-Oscint .—A solution of O'2 
grain of Z-oseine in water having an observed rotation of 
a D -*l°l’7 r in a 2-dcni. tube was treated with one drop (O'04 c.c.) 
of 50 per cent, potassium, hydroxide solution. After nineteen 
hours, the observed rotation was unchanged, a 1> -~l 0 l'5 / . 

The same solution was heated on the boiling-water bath for an 
hour. At the end of this period, the rotation was still — l°W „ 
Five c.c. of 50 per cent, potassium hydroxide were now added, and 
the solution was boiled for an hour. Making a correction for the 
change in volume, the observed rotation was unchanged, o Df -l 0 l , 2 / . 
This means that 0-2 gram of Z-oscine was not racemised by boiling 
for an hour with excess of 10 per cent, potassium hydroxide 
solution. 

There was, however, partial racemisation when 0'2 gram of 
Z-oscine was heated with 15 c.c. of saturated baryta solution for 
four hours at 150°, the value of [«] D having fallen to about one- 
half its original value. ... 

The action of boiling 10 per cent, hydrobromic acid also failed 
to racemise Z-oscine, for 1 gram of Z-oscine dhhydrogen tartrate in 
30 c.c. of 10 per cent, hydrobromic acid had an observed rotation, 
a r , -2T1 / , in a 2-dcm. tube, and after three hours’ boiling the 
rotation was practically unaltered, Ojj—22'O'. 

d-0seine Bme .—One gram of pure eZ-oscine ^-hydrogen tartrate 
was dissolved in 10 c.c. of 5 per cent, sodium hydroxide solution, 
and the base extracted with purified chloroform. The combined 
extracts were clarified by shaking with anhydrous potassium 
carbonate, filtered, and the solvent removed by distillation. The 
residual base crystallised instantaneously throughout on touching 
one spot with a glass rod. A similar very high velocity of crystal¬ 
lisation had previously been noticed with the chloroform-free 
faemo-oacine base. It was crystallised from light petroleum, and. 
separated in long, radiating needles, often forming fasciated 
growths. It melted at 109—110° (109*5—110-5° com), and a 
mixture with pure dZ-oscine also at the same temperature. 

Its specific rotation was determined in water : 

c = 1*029 ; Z=2-dcm.; + l°7-6'; [«) D +54*8°, 

d-0 seine Picratc .—The solution of the base which had been used 
for determining the rotatory power was treated with an equivalent 
of picric acid (O'3 gram) and rapidly concentrated to about 10 c.c. 
On allowing to cool,, long, radiating, glistening needles of cZ-oscine 

u* 2 
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picrate (0*3 gram) separated. These melted at 237—.238° 

(242*5—243*5° corr.). The mother liquors were concentrated, 
and, when quite cold, the stable dimorph separated, in small, 
flattened rhombs exactly as observed in the case of Z-oscine picrate. 
This form also melted at 237—238°. A mixture with cZ-oscine 
picrate, obtained by acid hydrolysis of beuzoyl-fZ-oscine, also melted 
at the same temperature. 

d~Oscine Hydrochloride.-—Tlo complete the analogy with the 
Uievo- series, this salt was prepared and its specific rotation deter¬ 
mined. For this purpose, 0*2078 gram of Z-oscine base was 
neutralised with the calculated quantity, 13*4 c.c., of Nj 10-hydro- 
chloric acid, and the volume made up to 20 c.c. In a 2-dcm. tube 
was found a D 30*Id, whence [a] D for the rZ-oscinium ion is +24*0°, 
a value in agreement with [a]^ — 24*2° observed for the Z-oscinium 
ion. 

The solution just employed was evaporated to dryness and the 
residue crystallised from absolute alcohol, when d-oscine hydro¬ 
chloride separated in warts with a few isolated prisms. The melt¬ 
ing point was 273—274°, and the salt was very deliquescent. 

Resolution of Bensoyloscine. 

This was effected substantially as described by Tutin (T., 1910, 
97, 1793). 

Five grams of <ZZ-oscine hydrobromide were converted into the 
base, which was heated to 160°’ with 10 c.c. of benzoyl chloride, 
when a brisk reaction ensued with simultaneous crystallisation of 
the benzoyloscine hydrochloride. The solid was collected, washed 
with ether, and dried at 100°. The crude product melted at 240° 
and amounted to 5*45 grams, that is, an 83 per cent, yield. It 
was dissolved in water, and the solution, after decolorisation with 
a little charcoal, was rendered alkaline with sodium hydrogen 
carbonate, and completely extracted with chloroform. The 
benzoyloscine left on removing the chloroform was neutralised to 
litmus with rZ-a-bromo-Tr-camphorsulphonic acid, and the salt frac¬ 
tionated from absolute alcohol. The (Z-benzoyloscine bromo- 
camphorsulphonate was obtained pure after three crystallisations, 
and melted at 247—248° (Tutin gives 246—246*5°). The specific 
rotation was determined in water: 
c = l*998; Z=2-dcm. * a B + 2°ll*3'; [«]„ +54*74°; [M] B + 312*3°. 
The calculated value of the molecular rotatory power of the 
Abenzoyloscinium ion is therefore 312*3—278*7 = 33*6°, whence 
[aju for the J-benzoyloscinium ion is +12*9°. 
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Benzoyl-d-oscine Hydrochloride . 

Pure benzoyl-d’-oscine bromocamphorsulphonate (2'8 grams) was 
triturated with 30 c.c. of water and three molecular proportions 
of sodium hydrogen carbonate. Benzoyl-d-oscine base appeared to 
separate in needles, which were immediately dissolved by chloro¬ 
form. The free base, on removal of the solvent, was exactly 
neutralised with iV/10-hydrochloric acid, and, after filtering from 
a little greasy matter, was concentrated rapidly under diminishea 
pressure to a very small volume. On keeping for a short time, the 
whole of the liquid became filled with perfectly formed rectangular 
leaflets, which in a few hours were completely transformed into 
fine needles. These were collected and washed with absolute 
alcohol. They amounted to 1*1 grams, and melted and decom¬ 
posed at 280° (287° corr.) (Tutin gives 283—284°). The product 
was anhydrous. Its specific rotation was determined in dilute 
aqueous solution: 

2-006; ?=2-dcm.; a D +28-35'; [«]» + 11*79°; [Mj^ + 34*83°. 
From this is calculated [a] D +13*4° for the benzoyl-d'-oscinium ion, 
a value which compares favourably with the value +12*9° calcu¬ 
lated above from the bromocamphorsulphonate. This value is 
somewhat higher than Tutin/s value, [a] D +10*0°, which is obtained 
by calculation from the value [M]^ + 297*0° for benzoyl-d-o,seine 
bromocamphorsulphonate. 


Hydrolysis of Bensoyl-d-oscine, 

With Hydrochloric Acid .—The solution just employed (20 c.c.), 
containing 0*4001 gram of benzoyl-d'-oscine hydrochloride, was 
treated with 9*7 c.c. of 31 per cent, hydrochloric acid, thus bring¬ 
ing the volume approximately to 30 c.c. and the strength, of the 
acid to 10 per cent. The rotation was observed, and tie solution 
was then boiled gently to hydrolyse the benzoyl-rf-oscine, the rota¬ 
tion being observed at intervals, just as is described under the 
hydrolysis of Z-hypscine (p. 507). 

Initial reading, + 20'; Z — 2-dcm. 

After 1 hour’s boiling, +20*5 / . 

After 3 hours’ boiling, +22*01 

Hydrolysis was now complete, as there was a copious separation 
of benzoic acid, and the solution gave no turbidity with Mayer’s 
reagent. The observed rotation is therefore due to the c^-oscinium 
ion, and the final value, + 22', corresponds with a specific rotation 
of the <7-oecinium ion of + 26°, which is of the same order as. that 
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obtained by calculation from the rotation of rZ-oscine rZ-hydrogen 
tartrate, namely, [a] D 27-1°, and that directly observed, [a] D 24-0°, 
for d-osciuium hydrochloride prepared from the tartrate. 

The free benzoic acid was removed by extraction with purified 
ether, and the aqueous liquor concentrated to a syrup under 
diminished pressure on the water-bath. On dehydration of the 
syrup by evaporation with absolute alcohol, the residue crystal¬ 
lised. It was dissolved in a little hot absolute alcohol, and, on 
keeping, 0‘07 gram of crystals resembling ammonium chloride were 
collected. They melted and decomposed in the neighbourhood of 
243° (pure fZ-oscine hydrochloride melts at 273°), and were highly 
deliquescent. 

Twenty milligrams of this salt, when treated with an equal 
weight of picric acid in hot aqueous solution, gave a picrate crystal¬ 
lising in long, fine needles, and later a few rhombs separated, a 
behaviour which is exactly reproduced by the addition of picric 
acid solution to the pure d- or Z-oscine d'-hydrogen tartrates 
(p. 495). This picrate, when collected and dried, melted and 
decomposed at 237—238°. A mixture with cZ-oscine picrate melted 
in the same bath at 237-—238°. The alcoholic mother liquors of 
the above 0-07 gram of cZ-oscine hydrochloride were combined with 
picric acid (both in aqueous solution). The addition of the picric 
•acid first precipitated amorphous matter, which was separated, and 
later a well-crystallised picrate. This salt crystallised in small 
rhombs, melted and decomposed at 235°, and was in all probability 
the stable form ofVZ-oscine picrate. 

With Alkali .—Pure benzoyl-df-oscine hydrochloride (0*4009 
gram) was dissolved in water, and 5 c.c. of 10 per cent, sodium 
hydroxide were- added. The oily base, which separated rapidly, 
disappeared on boiling. After an hour, the solution was cooled 
and neutralised to Congo paper with hydrochloric acid. The pre¬ 
cipitated Jjenzaie acid was completely removed by ether extraction, 
and the extracted aqueous liquor was also free from non-hydrolysed 
benzoyloscine, as was indicated by the absence of a turbidity on 
treatment with Mayer’s reagent in acid solution. In neutral or 
very faintly acid solution it gave the well-crystallised precipitate 
observed with oscine salts. The solution was rapidly concentrated 
and made up to 20 c.c. In a 2-dcrn. tube it gave a r> +32*8 / , 
whence the ^-oscinium ion has [a] D +25*8°, a value in good agree¬ 
ment with that observed by acid hydrolysis, [a] D 4-26*0°, and that 
observed for pure rZ-oscine hydrochloride, [a] D + 24’0 o . 
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d -Hyoscim. 

The starting material for the isolation of df-hyoseine consisted 
of 75 grains of well-crystallised hydrobromides obtained as a by¬ 
product in the manufacture of Z-hyoscine. It was slightly Isevo- 
rotatory, having [a] B — 4*1° (a=2*3, anhydrous), and contained 
9 per cent, of water of crystallisation, which was lost over sulphuric 
acid. It was regenerated to base, using sodium hydrogen carbonate 
and chloroform for the purpose, the weight of base being about 
55 grams. This was converted into its salt with cZ-a-bromo-Tr- 
cainphorsulphonic acid, and crystallised from a mixture of dry 
ethyl acetate and absolute alcohol. In a few days there was a 
copious, crystalline separation, which was collected, and amounted 
to 38-5 grams. It was deliquescent and had [a] D +46‘4° (c = 2), 
and on two more crystallisations gave 8‘S grams of pure meteloidine 
bromocamphorsulphonate. 

Meteloidine d - a- 6 r o m ovr- mmphorsulphonate crystallises exceed¬ 
ingly well from absolute alcohol, in which it is soluble to the extent 
of about 1 part in 10 (boiling), or from a mixture with dry ethyl 
acetate in clusters of prisms. It also crystallises well from water. 
It melts at 224—227° (228*5—-231-5° corr.), and is anhydrous: 

0*1410 gave 0*2547 C0 2 and 0*0808 H 2 0. C=49*3; H = 6*4. 

C 1 .5Ho 1 0 4 N,C lu H. jn 0 4 BrS requires C-48*75; H = 6*4 per cent. 

Its specific rotatory power was determined in water: 

e —2*039; l — 2-dcm.; o n + 1°56'; [a] D +47*42°; [M] n +268*7°. 

This value for the molecular rotation, is somewhat smaller than 
that given by Pope and Read for the bromocamphoraulphonic acid 
ion (T., 1910, 97, 2200). That the meteloidine was inactive was 
confirmed ■ in two ways:. 

(1) A. small quantity of the above-salt was converted into base, 
avoiding conditions which might favour racemisation by using 
sodium, hydrogen carbonate and chloroform. The base crystallised 
readily, and was identical in appearance and other properties with 
a sample of meteloidine kindly supplied by Dr, Pyman, and which 
was known to be inactive (Pyman and Reynolds, T., 1908, 93, 
2077). 

(2) One-half a gram of i-meteloidine base was converted into 
its bromocamphorsulphonate, and the solution evaporated to dry¬ 
ness with absolute alcohol. The crystalline residue was triturated 
with a little dry ethyl acetate, in which the crystals are practically 

: insoluble, and collected. The rotation of this salt, .representing. 



502 KING ; THE RESOLUTION QE HYOSCINE AND ITS 


practically the whole of the meteloidine, was found to be the same 
as the previously described salt: 

0=1-969; Z = 2-dcm.; a+l°51'; [a] D +47*0°; [M] n +266'3°. 

It melted at 224.—225°, and a mixture of the two salts showed no 
depression of the melting point. 

Isolation of d -Hyoscine Bromocamphorsulphonate On continu¬ 
ing the fractionation, the original mother liquors gave a second 
crop of crystals, 24-5 grams, [a]^ + 44'5°, which, after ten re- 
crystallisations, gave 11-6 grams of pure ^-hyoscine bromocamphor- 
sulphonate melting at 159—160° and having [a] D +60*1°. This 
was twice more recrystallised, and gave 8'3 grams with 
[4-,+60*3°. 

d-Hyoseine d-a-5 romo-Tt-camphorsulyhonote crystallises from a 
mixture of absolute alcohol and excess of dry ethyl acetate, in 
clusters of glistening, acicular needles. After being dried at 110° 
it melts at 158—160° (161-5—163-5° corr.). Its specific rotation 
was determined in water at 16°. 

c = 2-005; Z = 2-dcm.; a+2°25 / ; [a] D +60-3°; [M] 0 +370-5°. 
From this it is calculated that the molecular rotatory power of the 
fZ-hyosciniuxn ion is 91-8° and the specific rotatory power [aj X) is 
+ 30*2° (see d'-hyoscine hydrobromide). The salt is not deli¬ 
quescent: 

0-2730 lost 0*0022 at 100°. Loss=0*8. 

0-1238, dried at 100°, gave 0*2394 C0 2 and 0-0675 H»0. 

C=52*8; H = 6T. 

C 17 H 21 O 4 N,C 10 H 35 O 4 BrS requires 0=52-7; H = 5-9 per cent, 

The fractionation of the various liquors was continued, when 
further small quantities, 4*5 grams in all, of meteloidine broino- 
camphorsulphonate, and an additional 12*5 grams of pure 
d-hyoscine bromocamphorsulphonate, [a] T) + 60*5°, were obtained. 
The original mother liquors now gave 10 grams of a deliquescent 
salt, [a] 0 + 30*8°, and 2-7 grams, [a] B +27-3°, both of which had 
the properties of a slightly impure Z-hyoscine bromocamphor- 
suiplionate, which requires a calculated value of [a] D -|- 29°. On 
recrystallisation, these gave salts of higher specific rotation. It 
was not found possible to isolate pure Z-hyoscine bromocamphor¬ 
sulphonate from the mother liquors, 

d -Hyoscine IIydrohrorm.de .—Six grams of pure d-hyoscine bromo¬ 
camphorsulphonate were converted into base, using chloroform and 
sodium hydrogen carbonate for the regeneration. The base was 
neutralised with hydrobromic acid and the solution concentrated 
under diminished pressure. d-Hyoscine hydrobromide separated 
on keeping in large tablets (2 x1 cm.). 
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d- JJ.yoscin-e hydrobromide crystallises exceedingly well from 
water in rectangular-shaped tablets with bevelled edges. It 
crystallises with three molecules of water, the hydrate melting in 
a capillary tube at 54’5—55° (54*5-—55° corr,). It is rendered 
anhydrous by drying* over sulphuric acid in a vacuum. The 
behaviour of the anhydrous salt on heating is very varied. It 
sometimes melts sharply at 168°, resolidifies, and melts at 
193—194° (197—198° corr.). Occasionally, the intermediate melt¬ 
ing point is not observed at all, or is only indicated by a slight 
shrinking. . If the anhydrous salt is dried for half an hour at 
120°, only the higher melting point, 193—194°, is observed. The 
probable explanation is that the product, which melts at 168°, is 
either an amorphous form or a metastable, crystalline form of the 
anhydrous salt, and the transformation of one form into the other 
is accelerated by rise of temperature. f-Hyoscine hydrobromide 
behaves similarly: 

0*1842, dried over H 2 SO + , lost 0*0228. H a O = 12*38. 

0*1813, dried at 100°, lost 0*0226. II 2 0 = 12*47. 

0*1587, „ 100° gave 0*0778 AgBr. Br;= 20*85. 

C l7 H 21 0 4 N, HB r, 3EL>0 requires H 2 0 = 12*33 per cent. 

C 17 H 21 0 4 N,HBr requires Br = 20*80 per cent. 

The specific rotatory power of the hydrated salt was determined 
in water: 

e = 2*84.2 * / = 2-dcm.; a+l°18*5'; [a] D +23*02°. 

« = 2*525 ; /= 2-dcm .; a + l°10'; [ajj, + 23*10°. 

The mean of these values gives for the anhydrous salt 
[a] T) +26*3° and for the obhyosciniura ion [a] D +33*2°. The latter 
value is in approximate agreement with that calculated from the 
molecular rotation of the bromocamphorsulphonate (p. 502), 

namely, +30*2°. 

d -Eyomtui A iiritfdoride. —d-Hyoscine bromocamphorsulphonate 
(0*3 gram) was dissolved in 5 c.c. of warm water, and 5 c.c. of 
10 per cent, hydrochloric acid were added, followed by 7 c.c. of 
gold chloride solution (1 in 30). The auriehloride separated, 
partly in isolated, minute, rectangular plates, but for the most 
part in fern-like growths or spangles. It melted at 202—203° and 
weighed. 0*32 gram. It was twice recrystallised from 2*5 per cent, 
hydrochloric acid, the melting point each time remaining at 
204—205° (208—-209° corr.) (decorap.). The recrystallised solid 
separated in long, flattened, orange-yellow needles with both edges 
.. serrated; '■ 

0*1266, air-dried, gave 0*0387 Au. Au = 30*6. 

. . . C l7 H.> 1 0 4 N,AuClgjHCl, requires ■ Au = 30.* 7 : per" cent. 
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d-IIymcine Picrate. —Prepared from d-hyoscine bromocaniplior- 
sulphonat© by double decomposition in aqueous solution, this salt 
separated as a netted mass of needles melting and decomposing at 
187*—188°’ (see Z-hyoscine picrate). 


1 -Hyoscitve. 

VHyoscim Hydrohromide.—The properties of this salt are the 
same as those of d-hyoscine hydrobromide. The rotation of the 
purest hydrobromide crystallised from water was a fraction less 
than d-hyoscine hydrobromide. For various samples, the follow¬ 
ing' values were obtained: 

c = 2-454; Z = 2-dcm.;a = -l°7': [«.] D -22-75°. 
c = 2-543 ; Z =s= 2-dcm.; a = -l°9-3'; [a] D -22*71° 
c = 2*045; Z = 2-dcm.; a = -55*43'; [«] D -22-58°. 

The mean of the first two values gives [a] D — 25-93° for the 
anhydrous salt, and for the Z-hyoscinium ion [a] D —32-73°, whereas 
for the purest tf-hyoscine hydrobromide the values were 26 - 3° 
and 33‘2° respectively. The use of Z~a-bromo-w-eamphorsulphonie 
acid for purifying the f-hyoscine would no doubt lead to complete 
accord between the rotatory powers of the two enantioanorphs. 

l-IIyo,seine Atrichloride 4-Hyosciiie hydrobromide (0-2 gram) 
was converted into base, using sodium hydrogen carbonate and 
chloroform. A solution of the hydrochloride was mixed with gold 
chloride solution, and the 7-hyoscine aurichloride collected. It 
weighed Q‘28 gram, and melted and decomposed at 204—205°. 
It was recrystallised from one hundred times its weight of 2’5 per 
cent, hydrochloric acid, and separated in complex, needle-shaped 
growths serrated on both edges, exactly as observed for the dextro- 
enantiomorph. The melting and decomposing point was un¬ 
changed (208—209° corr.): 

0*1075, air-dried, gave 0-0331 Au. Au = 30-8. 

C 17 H 2i 0 4 H,AuC 1 3 ,HCI requires Au — 30-7 per cent. 
l-Hyoscine A urib romide. —This was prepared by Jowett’s method 
(T., 1897, 71, 680), by dissolving 0*2 gram of Z-hyoseine hydro¬ 
bromide in excess of hydrobromic acid and adding gold chloride 
solution. The yield was 0*4 gram (m. p. 187—188°). It was 
recrystallised from boiling 2-5 per cent, hydrobromic acid (40 c.c.), 
and gave 0*35 gram of long, rectangular, chocolate-red leaflets 
still melting and decomposing at 187—188° (191—192° corr.) : 
0*1075, air-dried, gave 0*0258 Au. Au = 24*0. 

. O l7 H 31 p 4 Isr,AuBr 3 ,HBr requires Au—24-0 per cent. ... 
bSyoscine Picrate. —0*20 G-ram of Z-hyoscine hydrobromide by 
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double decomposition with a hot saturated picric acid solution gave 
0-25 gram of il-hyoscine picrate crystallising in slender, primrose- 
yellow needles (m. p. 187—188°). It required a hundred times 
its weight of boiling water to dissolve it, and then separated in 
flat, irregular, six-sided scales covered with striations. Occasion¬ 
ally, these scales were united in the form of long, flat, serrated 
needles. It now melted and decomposed at 187-5—IBS'S ° 
(191—192° corr.), and amounted to 0'2 gram. 


dl -Hyoscine. 

dl-Hyoscme Hydrobromide .—Two and a-half grams each of the 
purest J-hyoscine and f-hyoscine hydrobromides were combined 
and recrystallised from water. The product crystallised exceed¬ 
ingly well with three molecules of water of crystallisation, and was 
indistinguishable from the active d- or 7-hyoscine hydrobromides. 
The crystals were collected, and amounted to 3*3 grams. In a 
capillary tube, the uncrushed crystals melted at 55—58°, but 
powdered crystals only partly melted up to 60°, owing to rapid 
loss of water. The anhydrous salt melts at 181—182° (185—186° 
corr.). The hydrated salt effloresces on exposure to the air, in this 
respect differing from the active components. A 2*5 per cent, solu¬ 
tion in water was optically inactive : 

O'2217 uneffloresced salt lost 0'0274 in a vacuum. H a G = 12*36. 

O'1943, dried in a vacuum, gave 0*0949.AgBr. Br:=20-8. 

C 17 H. 2l 0 4 N,HBr,3H a O requires H a O==12'33 per cent. 

6 l7 H 2l 0 4 N,HBr requires Br = 20*8 per cent. 

■tiX-llymmhe lime. .On© gram of df-hyoscine hydrobromide was 

converted into base, using chloroform and * sodium hydrogen 
carbonate. The chloroform-free base was moistened with water, 
and when kept for some hours in a freezing mixture crystallised 
in minute needles. The product was collected, washed with water, 
and, when, dried in the air, amounted to 0*65 gram. It melted at 
38—40°; 

0*1034, in a vacuum over H 2 S0 4 , lost 0*0104. H 2 0==1Q‘1. 

C i 7 H 21 0 4 N,2H 2 0 requires H 2 O = 10'6 per cent. 

It was recrystallised by dissolving in a little warm alcohol and 
adding water until a turbidity developed. On inoculation, it 
crystallised, slowly in well-formed, transparent, chisebshaped 
prisms. The melting point was unchanged at 38—40° (38—40° 
corr.). When dried in a- vacuum over sulphuric acid, it lost two 
molecules of water: 1 
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0*0770 lost 0*0082. H 2 O = 10*6. 

C 17 H 21 0 4 N,2H 2 6 requires HoO^lO-6 per cent. 

Th© anhydrous material consisted of a clear varnish, and had 
no definite melting point. 

The melting point of the dihydrate was unchanged after keep¬ 
ing in a Jena-glass tube for ten months. 

dl-Hyosrine Pierate. —This salt was prepared in aqueous solu¬ 
tion by adding a saturated solution of picric acid to a solution of 
d7~hyoscine hydrobromide. An oil separated at first, but was dis¬ 
placed, on warming, by short needles, which melted and decom¬ 
posed at 173—174°. These were recrystallised from one hundred 
parts of boiling water, and separated in rosettes of long needles, 
melting and decomposing at 173*5—174*5° (177*5—178-5° corr.). 

Th© same salt is obtained from the <s?7-base. 

dl -Hyoscine AuricMonde. —This salt crystallises in long, fiat 
needles with one edge serrated on mixing aqueous solutions of the 
two components. It melted and decomposed at 214—215°. On 
recrystallisation from 2*5 per cent, hydrochloric acid, it separated 
in stout, boat-shaped crystals melting and decomposing at 
218—219° (corr.): 

0T175 gave 0-0358 Au. Au = 30-5. 

C 17 H 2;i 0 4 N,AuC 1 3 ,HC1 requires Au = 30*7 per cent. 

dl -Hyoscine Auribromide.- —On mixing c/7-hyoscine hydrobromide 
dissolved in excess of hydrobromic acid with gold chloride solution, 
this salt crystallises in chocolate-coloured leaflets of indefinite shape 
melting and decomposing at 209—210°. On recrystallisation from 
50 parts of dilute hydrobromic acid solution, it separated in 
chocolate-red leaflets very similar in appearance to the lae ?m-salt, 
The melting and decomposing point was unchanged at 213—214° 
(corr.): 

0*1123 gave Au = 0*0268. Au = 23*9. 

C 17 H 21 0 4 N,AuBr 3 ,HBr requires Au = 24-0 per cent. 

Jewett (loc. cit.) has described a hyoseme auribromide melting 
at 210°, which probably indicates that his starting material, 
hyoscine hydrobromide, was optically inactive, or practically so. 


Hydrolysis of 1 -Hyoscine. 

With Hydrobromic Acid .—Pure hydrated ^-hyoscine hydro¬ 
bromide (1*4447 grams), [a] D —22*7° (e*=2*5), was dissolved in 
30 c.c. of 10 vper cent, hydrobromic acid, and the rotation deter¬ 
mined. The solution was then boiled gently : under reflux, the 
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rotation being- observed at definite intervals by cooling the solu¬ 
tion and removing the requisite volume for the observation. On 
completion of the latter, the solutions were recombined and the 
boiling started afresh. The following data were obtained, using 
a 2-dcm. tube: 

Initial reading .. —141' After 4 hours’ boiling . —139' 

After 1 hour’s boiling ... —149' ,, 6 „ „ ...... —161' 

„ 2 hours’ „ ... —153' „ 9 „ „ . —157' 

The solution was now thoroughly extracted with purified ether 
to remove the Z-fcropic acid. The residual aqueous solution still 
showed a rotation of —10 / , and contained non-hydrolysed hyoscine, 
as it. gave a reaction with Mayer’s reagent (oscine gives no reaction 
in acid solution of this strength). The hydrolysis was continued 
for a further five hours, when the rotation rose to — 11/, and the 
reaction for hyoscine was negative. On removal of the /-tropic 
acid by ether, the residual solution was inactive. 

The ethereal extracts gave O’65 gram of crude /-tropic acid melt¬ 
ing at 125—127° and having [a] D — 70*5° in water (e = l). On 
recrystallisation from water, it melted at 127—128° and gave 
[®]d —76° (e=2). 

The c/Z-oscin© hydrobromide solution was concentrated rapidly 
under diminished pressure to a syrup, when it acquired a purple 
colour, which disappeared on dilution with water, but in absolute 
alcohol became brown. The syrupy residue crystallised on inocu¬ 
lating with dl~ oscine hydrobromide. The crude product melted at 
270° and weighed 0*75 gram (theory, 0-78). It was triturated 
with a little absolute alcohol, and the crystals were collected. The 
product consisted of granular crystals with a violet colour (prob¬ 
ably containing traces of a perbromide (compare Schmidt, Arch. 
Pharm 1905, 243, 567), weighed 0*53 gram, and melted at 280°. 
A mixture with pure (-//-oscine hydrobromide (m. p. 282°) also 
melted at 280°. The filtrate was now evaporated to dryness under 
diminished pressure, dissolved in 10 per cent, sodium hydroxide 
solution, and completely extracted with chloroform. On removal 
of the chloroform, 0T5 gram of base was obtained, which only 
crystallised on inoculation with the d7-oscine base of commerce. 
It melted at 98—100°, and a mixture with pure oscine melted at 
103°. 

The products of the hydrolysis are therefore /-tropic acid and 
f/Z-oscine. 

With Hydrochloric Acid.— Pure /-hyoscine base prepared from 
0*5014 gram of, /-hyoscdhe hydrobromide, [a] p —22*75°. (e —2-5), 
using sodium hydrogen carbonate and chloroform, was dissolved in 
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30 c.c. of. 10 per cent, hydrochloric_aeid. The rotation was followed 
as in the case of the hydrobromide. 

Initial reading ... —52' 

After 2 hours 5 boiling . —55'; l =» 2-dcia. 

„ 4 „ „ .. — 56' 

,, 8 „ „ ~54’5' 

On removal of the 2-tropic acid (O'15 gram; m. p. 124—1,25°) 
by ether, the acid aqueous solution was optically inactive, and 
when evaporated to dryness with absolute alcohol gave 0'13 gram 
of ^/-oscine hydrochloride crystallising in minute, rectangular 
plates, or associated together in fern-like growths. It was con¬ 
verted into the picrate, which crystallised an small, flattened 
rhombs or tablets melting and decomposing at 231°. A mixture 
with pur© d^-oscine picrate, which crystallises similarly and melts 
and decomposes at 237—238°, melted intermediately at 232°. 

In conclusion, the author desires to express his warmest thanks 
to Dr. Pyman for his advice and criticism throughout the course 
of the Work. 

The Wellcome Chemical ^Research Laboratories, 

London, E.C. [Received, March 26di, 1919.] 


XXXVIII .—The Basic Properties of Oxygen in Organic 
Acids and Phenols; and the Quadrivalency of 
Oxygen . 

By Joseph Knox and Marion Brock Richards. 

Oxygen is usually regarded as a bivalent element in most com¬ 
pounds, but its position in G-roup VI of the Periodic Table affords 
good ground for the assumption that it may in certain cases have 
a higher valency from analogy to sulphur, selenium, and tellurium, 
all of which may function, not only as bivalent, but also as quadri¬ 
valent and sexavaleut elements. 

The quadrivalency of oxygen has been assumed from time to 
time to explain the constitution of certain compounds, a summary 
of the earlier assumptions of this nature being given by Walden 
(Ber., 1901, 34, 4185). The work of Collie and Tickle on 
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dimethylpyrone (T., 1899, 75, 710), and.of Baeyer and Villiger 
( Ber., 1901, 34, 2679; 1902, 35, 1201), first drew general atten¬ 
tion to the subject. The former were of the opinion that only in 
specially favourable cases could additive compounds containing 
quadrivalent oxygen be formed, but the latter showed that organic 
compounds of practically all classes containing oxygen, such as 
ethers, alcohols, aldehydes, ketones, etc., could combine with acids 
to give crystalline .salts. Since that time, many similar assump¬ 
tions of the quadrivalency of oxygen have been made, for example, 
by Biilow and Sicherer for salts of anhydrobenzopyranols and 
benzopyranols ( Ber ., 1901, 34, 3916), by Kehrmann and Mattisson 
for salts of phenanthraquinone (Ber., 1902, 35, 343), by Will- 
statter and Pummerer for compounds of pyrone with acids (Ber., 
1904, 37, 3740), by Farmer for acid salts of monobasic acids (T., 
1903, 83, 1440), by Cohen and Gatecliff for compounds of ethers 
with nitric acid (P., 1904, 20, 194; but see also McIntosh, J. 
Amer. Ghem. Soc., 1905, 27, 1013), by Blaise for compounds of 
magnesium iodide and zinc iodide with ethers (Oompt. rend., 1904, 
139, 1211; 1905, 140, 661), and by Meyer for salt-like compounds 
of quinones with acids (Ber., 1908, 41, 2568). 

Much work on this subject has been done by McIntosh and his 
collaborators, who have prepared additive compounds of ethers, 
alcohols, aldehydes, ketones, etc., with halogens and anhydrous 
halogen hydrides (T., 1904, 85, 919, 1098; 1905, 87, 784; J. Amer. 
Ghem . Soc., 1905, 27, 26, 1013; 1906, 28, 588; 1908, 30, 1097; 
1910, 32, 542, 1330; 1911, 33, 70; 1912, 34, 1273). 

Fewer instances have been recorded of the formation of additive 
compounds of organic acids and phenols with other acids. Baeyer 
and Villiger obtained no crystalline compounds of acids with acids 
(Ber., 1901, 34, 2692). Iloogewerff and van Dorp, however, pre¬ 
pared additive products of sulphuric acid with various organic 
acids, and of phenols with phosphoric acid (Bee. tmv. chim., 1899, 
18, 211; 1902, 21, 349). Maass and McIntosh obtained a com¬ 
pound of benzoic acid with hydrogen bromide, and of resorcinol 
with hydrogen bromide and hydrogen chloride (X Amer. Ghem. 
Soc., 1911, 33, 70). Pfeiffer also has 'prepared a number of com¬ 
pounds of organic acids with acids (Ber., 1914, 47, 1593), and in 
a recent series of papers Kendall has described the isolation, by 
the freezing-point method, of additive compounds of organic acids 
in pairs, of organic acids and phenols with sulphuric acid, and of 
phenols with organic acids (J. AmernGhem. Sde., 1914, 36, 1722, 
2498; 1916, 38, 1309). 

' It will be seen that the organic ctmipoiiiuls which form"these 
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additive products are of the most diverse types. In practically all 
the cases cited, the organic compound is combined with an acid, 
forming an unstable additive compound, so that evidently the coin- 
pound formation is due to basic properties in oxygen of higher 
valency than two. These additive compounds are generally 
regarded as “ oxonium ” compounds, containing quadrivalent 
oxygen, derived from the hypothetical base H a O*OH, analogous to 
the sulphonium. compounds formed by the passage of sulphur from 
bivalency to quadrivalency. A typical example is Fried el’s 
dimethyl ether hydrochloride (Bull. Soe. ahim. } 1875, [ii], 24, 

160): (O0 3 ) 3 O + HC1 = the analogy of which to a 

sulphonium compound is evident: 

(CH s ) s S + CH a I - ch“> S <I Hi 

The sulphonium salts are derivatives of the strongly basic 
sulphonium hydroxide, R 3 S # OH, so that in the salt-like character 
of the oxonium compounds, and the basic properties of quadri¬ 
valent oxygen, there is a parallel in the case of well-known sulphur 
compounds. 

To explain the formation of these additive compounds, special 
kinds of valencies of oxygen have from time to time been assumed 
>—crypto-valencies, complex valencies, residual affinities. In view 
of the fact, however, that oxygen may exhibit a higher valency 
than two in the ordinarily accepted sense, there seems to be no 
reason to assign special kinds of valencies to oxygen, any more 
than to sulphur or the other elements of the same group. 

The additive products of organic oxygen compounds with acids 
have mainly been isolated in the solid state, and very little work 
has been done on the investigation of these compounds in solution. 
The compounds are all more or less unstable, and for the most part 
are decomposed by water into their original constituents. Farmer, 
for instance, could find no evidence for the existence of acid salts 
in solution (T., 1903, 83, 1440), but there is evidence to show that 
oxonium compounds do exist to a certain extent, at least, in solu¬ 
tion. Thus Maass and McIntosh (J. Amer. Chem. Soc., 1913, 35, 
535), by a study of the conductivity measurements of the twp com¬ 
ponent systems—hydrochloric acid and ethyl ether, hydrochloric 
acid and methyl ether, hydrochloric acid and ethyl alcohol,.hydro¬ 
chloric acid and methyl alcohol—showed the probability ,of the 
existence of the compounds in solution. Rordam (J. Amer.-Chem. 
Soc., 1915, 37, 557), by comparing the conductivity of a solution 
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of dimethylpyrone hydrochloride with that of a solution of hydro¬ 
chloric acid with the same concentration of chlorine ions, electro- 
metrically measured, proved that dimet-hylpyrone hydrochloride is 
a real salt showing electrolytic dissociation as well as hydrolytic 
dissociation into its components. Schuncke ( Zeitsch . physikal. 
Ghem., 1894, 14, 331) found that the solubility of ether is greater 
in hydrochloric acid solutions than in water, and increases with 
the concentration of the hydrochloric acid, and Jtittner ( Zeitsch . 
physikcd. Ghem., 1901, 38, 56) gave as the reason the formation 
of ether hydrochloride in solution. Similarly, Saekur (. Ber ., 1902, 
35, 1242) found that the solubility of cineole increases in hydro¬ 
chloric, nitric, and acetic acid solutions. 

It is possible, therefore, that the existence of other oxonium 
compounds in solution may be shown by solubility determinations. 
If additive compounds of organic acids with acids exist in solution, 
we should expect to find some influence of this salt-formation on 
the solubility of the organic acid in solutions of the other acids. 
If no such disturbing influence comes into play, the solubility of 
the organic acid should continuously diminish with increasing con¬ 
centration of the solvent acid, in accordance with the law that the 
solubility of an electrolyte is diminished by the addition of another 
electrolyte with a common ion. 

A few instances have actually been recorded where organic, acids 
do not obey this law. Thus, Herz (Zeitsch. an ore/, Ghem., 1910, 
66, 93) found that for solutions of oxalic acid in boric acid the 
solubility increases continuously with the concentration of the boric 
acid. Stepanov (Anvalen, 1910, 373, 221) found that for picric 
acid in hydrochloric acid solutions the solubility diminishes to a 
certain point, after which it begins to increase. Masson (T., 1912, 
101, 103) found a similar result for solutions of oxalic acid in 
hydrochloric and nitric acid solutions. 

It seems very probable that these cases may be instances of a 
general phenomenon, and that the unexpected results obtained for 
the solubility curves are caused by the existence in solution of an 
oxonium compound, formed by direct addition of the ions of the 
solvent acid to an oxygen atom of the organic acid, according to 
the equation 

ho> c: ° +hx = h£> C: 0 <X' 

or, for phenols, 

£>0 + HX = 
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This assumption, would he sufficient to account for the observed 
results. At first with a strong solvent acid, such as hydrochloric 
or nitric, the effect of the common hydrogen ion prevails, and the 
solubility diminishes. With increasing concentration of the solvent 
acid, however, the influence of the formation of the more readily 
soluble salt becomes stronger, and the solubility reaches a mini¬ 
mum, and finally begins to increase. If the solvent acid is weak, 
for example, boric acid, the initial decrease may be too small to be 
measurable; hence the only perceptible effect would be the con¬ 
tinuous increase observed by Herz. 

If the true explanation of the results observed by Herz, 
Stepanov, and Masson is the formation of an oxonium compound 
in solution, we should expect other organic acids to behave in a 
similar manner, and. the present investigation serves to prove that 
this is actually the case. 

Experimental. 

I. Acids. 

The solubilities of a number of organic acids of practically all 
classes have been determined in solutions of other acids. The 
number of organic acids which could he used was greatly limited 
by the lack of suitable methods of analysis. Many of the 
commonest acids could not be employed, since no sufficiently 
accurate method is known for their estimation, or since, even at 
the ordinary temperature, they volatilise from solution on evapor¬ 
ation- Much time was spent in testing various analytical methods 
given in the literature for a large number of acids, and in deter¬ 
mining whether the acids volatilised from solution on evaporation. 
Amino-acids were avoided, as the presence of the basic amino-group 
might lead to the formation of salts of the ammonium type. In 
most cases, the solvent acid is hydrochloric, hut experiments have 
also been performed in nitric, sulphuric, acetic, formic, and lactic 
acids., ■ 

The following series have been investigated: 

Monobasic Acids .—Phenyl acetic, diphenylacetic, benzilic, o-nitro- 
benzoic, -m-nitrobenzoic, 3:5-dinitrobenzoic, cinnamic, diphenylene- 
glycollic, trichlorolactic, nmndelic, diphenic, and salicylic acids in 
hydrochloric acid solutions; trichlorolactic acid in sulphuric acid; 
mandelic acid in sulphuric, acetic, and formic acids. 

Dibasic Acids .—Malonic acid in hydrochloric and sulphuric 
acids; oxalic acid in sulphuric, acetic, formic, and lactic acids; 
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phthalic acid in hydrochloric and nitric acids; suberic acid in 
hydrochloric, nitric, sulphuric, and acetic acids; succinic acid in 
hydrochloric, nitric, sulphuric, acetic, and formic acids; and tartaric 
acid in hydrochloric, sulphuric, and acetic acids. 

Tnbasic Acid .—Citric acid in hydrochloric and sulphuric acids. 

Method .—The solubilities were determined at 25°, excess of the 
solid being shaken for several days in a thermostat with solutions 
of the solvent acid of varying concentration. After saturation, the 
clear solution was analysed both for dissolved and solvent acid by 
one of the following methods : 

(1) Solvent acid determined gravimetrically; dissolved acid by 
direct weighing after evaporation in a vacuum over soda-lime. 

This method was used for most of the sparingly soluble acids in 
hydrochloric acid solutions. 

(2) Total acidity determined by titration with standard 
sodium hydroxide; dissolved acid by weighing after evaporation 
either («) in a vacuum, or (6) on the steam-bath; solvent acid by 
difference. 

This method was used for nitric, acetic, and formic, and in a 
few cases for hydrochloric, acid solutions. 

(3) Total acidity by titration; solvent acid gravimetrically; dis¬ 
solved acid by difference. 

Sulphuric acid solutions were analysed by this method, also cases 
of acids very readily soluble in hydrochloric acid. 

(4) Permanganate methods for oxalic acid solutions: total 
acidity by alkali; oxalic acid by potassium permanganate, either 
(a) directly, in sulphuric acid solutions, or (h) after precipitation 
as calcium oxalate in other cases; solvent acid by difference. 

Where an evaporation method was used, a preliminary test was 
made to ascertain whether the organic acid was left unchanged 
after evaporation from a solution in the solvent acid. 

The results of the various experiments are given in the follow¬ 
ing tables. The method of analysis is indicated in each case by 
a number corresponding with the above arrangement, and refer¬ 
ence is made to the diagram in which the corresponding solubility 
curve is to be found. In all cases, the concentrations of the acids 
are expressed in equivalent normalities. 



(1) Phenylacetic Acid in Hydrochloric Acid. Method, 1. Fig. 1. 

HCT. 0 1-417 2-890 4-813 5-770 7-175 S-590 9-988 11-36 
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* P may be mentioned that Kendall (Proc. Roy. Soc., 1911, [A], 85, 200) gives results for the solubilities of o-nitrobenzoie acid, 
and salicylic acid, in hydrochloric acid solutions ; but with the low concentrations of hydrochloric acid used in his experiments, only 
the decrease in solubility is observed. 













OXYGEN IN ORGANIC ACIDS AND 


PHENOLS. 


515 
















516 KNOX AND RICHARDS : THE BASIC PROPERTIES OE 



(17) Malonic Acid in Hydrochloric Acid. Method 3. Fig. 3. 

HCI .. 0 4-443 6-210 8-658 10-47 11-09 11-22 
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(29) Succinic Acid in Hydrochloric Acid. Method 1. Fig , 5. 

HCl ..— 0 2-751 5-964 7-335 8-950 9-732 10-40 11-98 

C 4 H 6 Q 4 ............... 1-352 0-681 0-402 0*353 0-333 0-328 0-337 0-37i 















(30) Succinic Acid in Nitric Acid . Method 2(a). Fig. 5. 

KltO g 0 1-299 3-034 5-236 6-616 9-710 11-11 13-51 15-43 

0 4 Hg 0 4 , 1-352 1-134 0-941 0-724 0*652 0-528 0-518 0-561 0-73 
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HOI ... 0 1-650 3-277 4-993 6-552 8-196 9-817 11-29 

C s H 5 0 3 N ...... 0-1097 0-0962 0-0913 0*0934 0-0990 0-1093 0-1230 0-1421 













(40) m -Niirophenol in Hydrochloric Acid,. Method 5(a). Fig. 7. 

MCI .................. 0 1*925 3*822 6*720 7*550 9*213 10 96 



it cannot, be regarded as very trustworthy. The compound used in the present ease, which was prepared from m-nitroaniline, 
reerystallised from water, and melted at 96—97°, 
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* The preliminary test showed that catechol is very slightly volatile at the ordinary temperature in a vacuum, but the regularity 
of the curve obtained seems to show that in spite of this the results are fairly accurate. 
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II, Phenols . 

The solubility of a number of phenols has been determined in 
the same way, the series investigated being: 

Monohyclric Phenols. —y/-Nitrophenol, ra-nitrophenol, and 
jS-paphthol in hydrochloric acid; trinitrophenol (picric acid) in 
nitric acid. 

Bihydrie Phenols. —Resorcinol, quinol, catechol, and trinitro- 
resorcinol (styphnic acid) in hydrochloric acid; trinitroresorcinol in 
nitric acid. 

Trihydrie Phenol .—Pyrogallol in hydrochloric acid. 

Methods of Analysis. —5. For all phenols in hydrochloric acid, 
the acid was determined gravimetrically, and the phenol by weigh¬ 
ing after evaporation («) in a vacuum, or (b) on the steam-bath. 

6. For picric acid and styphnic acid in nitric acid, the concen¬ 
trations of the nitric acid solutions were determined at 25° before 
adding the solid, owing to the difficulty of titrating solutions con¬ 
taining these phenols. As the phenols are only sparingly soluble, 
however, any change in volume that might occur when they dis¬ 
solve could have no appreciable effect on the results. The phenol 
was determined by weighing, after evaporation (a) in a vacuum, 
or (l?) on the steam-bath. 

Some of the phenols gave deeply coloured solutions, but the 
residues obtained on evaporation were practically colourless, and 
a preliminary experiment showed that they were left unchanged 
when evaporated to dryness with hydrochloric acid or nitric aeid. 

The results are given in tables 39 to 48, the solubilities of 
the phenols being given in gram-molecules per litre, whilst the 
concentrations of the solvent acid are expressed, as before, in 
equivalent normalities. 

Consideration of Results. 

A glance at the solubility curves will suffice to show that the 
results observed by Herz, Stepanov, and Hasson were no isolated 
phenomena, but that, as regards the solubility of organic acids and 
phenols in solutions of other acids, deviation from Herasfc’s law 
is the rule and not the exception. It will be seen that the curves 
obtained are of two main types, according as the solvent acid is a 
mineral or an organic aeid, but in each case the assumption of 
oxonium salt-formation is efficient to account for the observed 
results.. 

;Owing to exigencies of space, only a few typical solubility curves, 
.can; .Be reproduced. The othereolubility curves, which, can be 
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constracted from, the tables, will be referred to by the number of 
the table containing the necessary data. Thus (1) refers to the 
solubility of phenylaeetic acid in hydrochloric acid, and so on. 

The curves obtained for solutions in the mineral acids all 
resemble more or less those obtained by Stepanov and Masson, that 
is, the solubility diminishes rapidly at first, reaches a minimum, 
and afterwards increases steadily with increasing concentration of 
the solvent acid. The results, however, vary somewhat according 


Fro. 1. 



to the solubility of the organic acid or phenol, and the concentra¬ 
tions attainable with the mineral acid. Thus with sparingly 
soluble acids and phenols, such as phenylaeetic (1, 25, .Fig. 1) and 
nitrobenzoic acids (4, 5), and the nitrophenols (39, 40, Fig. 7), 
the curve in every case shows a distinct turning point. Other 
examples are 2, 3, 6, 7, 8, 11, 12, 23, 24, 25, 26, 27, 39, 40, 41, 
42, 46, 47. With very readily soluble substances, such as malonic, 
citric, and tartaric acids, quinol, and catechol (17, Fig. 3), (34, 
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Fig. 6), (3(, 43. 44, 45, 48), the concentration of hydrochloric 
acid reached is not sufficient to show clearly the upward tendency 
of the curve, although the general shape makes it evident that the 


Fig. 2. 



Normality of solvent acid. 

curve has reached its minimum at the; concentration attained, and 
is just about to turn upwards—a conclusion which is further 
justified by the fact that in sulphuric acid solutions, where the 
concentrations attainable are considerably greater, even the. very 
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readily soluble acids give a definite turning point, (IS, Fig. 3), 
(35, Fig. 6), (38). 

When the solvent acid is organic, modification of the shape of 
the curve results from two^ causes, namely, (a) the weakness of 
organic acids in general, and (6) the wide difference between the 


Fig. 3. 



solubilities of the dissolved acid in water and in the organic acid 
solvent. 

(a) When both solvent and dissolved acids are weak, the effect 
of the common hydrogen ion is, as a rule, too small to be measured. 
Of the acids the solubilities of which were determined in an organic 
acid solution ? oxalic acid is the only one of sufficient acidic strength 
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to show any perceptible initial decrease in solubility (21, 22, 
Fig. 4). The others show increase in solubility from the beginning, 
except^ tartaric in acetic (36, Fig. 6), and oxalic in lactic acid 
(20, Fig. 4), where no evidence of salt-formation was obtained. 

(b) If the dissolved acid is more readily soluble in the solvent 
organic acid than in water, the resulting curve shows a continuous 
increase—an increase which may be partly due to salt-formation 
or entirely due to increasing solubility in the solvent acid, so that 


Fro. 4. 



no conclusion as to salt-formation can be drawn. An instance of 
this may be seen in the curve for suberic acid in acetic acid (28). 
Other cases give clear evidence of salt-formation, the curve show¬ 
ing an initial increase in solubility, owing to the formation of the 
mote ■ readily soluble salt,' with a subsequent . decrease,, caused , by 
decreasing solubility in the solvent acid. . The. 'curves which,, show' 
this effect .clearly are::' (1) succinic acid in acetic and formic acids 
(32, 33y : Fig. 5), (2) oxalic acid in- acetic,.and formic acids (here 
:the ionic .effect is first- perceptible, bef ore the iher ease.. duo to, salt- 

X* 
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formation) (21, 22, Mg. 4), and (3) mandelic acid in acetic and 
formic acids (15, 16, Pig. 2). 

(It will "be observed that in three of these cases, namely, oxalic 
acid, in acetic and formic acid solutions, and mandelic acid in 
formic acid, there is apparently a break in the curve. The cause 
of this has not been investigated, but Masson, who obtained a 
similar break for oxalic acid in nitric acid, attributed the result 
to dehydration of the oxalic acid.) 


Fig. 5. 



Prom the curves, it may be inferred that salt-formation does 
not take place with equal readiness in all the mineral acids. Where 
curves have been determined for the same organic acid or phenol 
both in hydrochloric and nitric acid solutions, it will be seen that 
in each case the nitric acid curve lies above that for hydrochloric 
acid, evidently indicating that additive compounds are formed 
more readily with nitric acid; see, for example, the curves for 
succinic (29, 30, Fig. 5), phthalic (23, 24), suberic (25, 26), and 
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styplmic acids (46, 47) in hydrochloric and nitric acid respect¬ 
ively. 

Again, a comparison of the curves for the same acid in hydro¬ 
chloric and sulphuric acid solutions shows uniformity of behaviour 
in all the cases investigated. There is at first a more rapid 
decrease in solubility in hydrochloric than in sulphuric acid (prob¬ 
ably due to the greater acidic strength of hydrochloric acid, and 
the correspondingly greater ionic effect), but the turning point is 
more quickly reached and the hydrochloric acid curve soon cuts 
the other, from which we may infer that salt-formation takes place 
with greater ease in hydrochloric acid. A comparison of the curves 
for succinic (29, 31, Fig. 5), citric (37, 38), tartaric (34, 35, Fig. 6), 


Fig. 6. 



malonic (17, 18, Fig. 3), mandelic (13, 14, Fig. 2), and trichloro- 
.lactic acids (9, 10) in hydrochloric and sulphuric acids, respectively, 
will make this clear. (In the case of suberic acid [25, 27], the 
result appears to be similar, but owing to the small solubility of 
suberic acid, and the necessity for estimating the suberic acid in 
sulphuric acid solutions by difference, this curve is not sufficiently 
accurate to enable the distinction between the two curves to bo 
clearly seen.) It would therefore appear that, of the mineral 
acids, sulphuric acid shows the least tendency to salt-formation, 
whilst nitric acid shows the greatest. 

No quantitative connexion can be established between the turn¬ 
ing point of the curve and the strength of the organic acid in 

x* 2 
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question. Kendall found that, in general, for additive compounds, 
both of organic acids in pairs and of organic acids with sulphuric 
acid, the tendency towards the formation of additive compounds 
is dependent on the difference in acidic strengths. Very weak 
organic acids most readily form additive compounds, and an 

Fig. 7. 



Normality of solvent acid, 

increase in the acidic strength is accompanied by a diminution or 
loss of this property. The rule is, however, merely qualitative. 
This'vresult; is, in general, - confirmed by the present investigation, 
although the question is complicated by the fact that the turning 
point in the solubility curve’ depends largely on the solubility of 
the organic acid. 
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General Summary of Results. 

From, determinations of the solubility of organic acids and 
phenols in solutions of other acids, it has been shown that in such 
solutions compounds are formed between the organic acid or 
phenol and the solvent acid. The most probable explanation is 
that the organic acids and phenols contain a basic oxygen atom, 
and that this forms salts of the oxonium type with the solvent 
acid, the oxygen becoming quadrivalent. This view is strongly 
supported by the work of Kendall, whose earlier papers were pub¬ 
lished during the progress of the present research.* 

Thanks are due to the Carnegie Trust for a Fellowship that has 
enabled one of the authors to take part in this investigation. 

Chemical Department, 

University op Aberdeen. [Received, February 8 th % 1019.] 

XXXIX.—a/'-I : 8-iso Naphthoxazones. 

By Biman BiHARr Bey and Mahendra Nath Goswami. 

By the fusion of a pyridine with a benzene nucleus, the condensed 
quinoline ring is formed, and in a similar manner it is conceivable 
that the coumarin ring would give rise to a class of derivatives 
which might be represented as ^-/3-naphthoxazones,f their relaiion- 

* Kendall has since published other papers on the same subject, reference 
to which will be found in the concluding paper of the series (J. Amer. Ghent. 
Sac,, 1917, 39, 2303), in which he sums up the results of his investigations 
The above research was completed early in 1916, but for various reasons 
publication of the results has been delayed. 

t As the compounds described in this paper do not contain the true oxazine 
ring, they are regarded as being derived from ip -naphth oxazines, thus ; 



tf'-l: 8»faoNaphthoxazone. ^-Benzo-1: 8-iaonaphthoxazone. 
Isomerides of ^-1:8-Mopaphthoxazone will thus receive the name : 



44 ■■''■^.^AS-iSrKaphthoxftzone, 
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ship to eoiimarins being analogous to that of quinoline to 
benzene: ■ . 

O 0 

Co/\/\ —Co/N/Yb . 

UJ kA/U 

IN 

Substances of the latter class, so far as it lias been possible to 
ascertain, are practically unknown, only one instance being 
encountered in the literature where a compound probably belong¬ 
ing to this category has been mentioned (Pechmann and Schwarz, 
Be?'., 1899, 32, 3701). This substance was obtained as a by-pro¬ 
duct in the condensation of m-aminophenol and ethyl acetoacetate, 
where, in addition to the expected 7‘-amino-4-methylcoumarin, a 
small amount of a solid (m. p. 268°) was isolated, which was 
regarded as a dihydroquinoeoumarin, and assigned the following 
structure: 

0 N 


The evidence adduced in favour of its constitution is not complete, 
and no further work appears to have been carried out on the 
subject. 

The reactions which are of general applicability in the synthesis 
of quinoline and its allies, namely, the Skraup, the Doebner-Miller, 
and the Knorr reactions, are all based on the condensations of 
aniline or other primary aromatic amines; the same methods, with 
slight modifications, have now been applied to the synthesis of 
the ^-naphthoxazones from the aminocoumarms and the amino- 
naphthacoumarins, in which the amino-groups are attached to the 
benzene nucleus. These compounds have been shown by previous 
investigators to resemble the aromatic amines in their chemical 
behaviour, and they may readily be diazotised, and reduced to the 
corresponding coumarylhydrazines, etc. (Morgan and Micklethwait,’ 
T., 1904, 85, 1233; Clayton, P., 1911, 27, 246), f 

These considerations led to the present investigation, a| 
systematic study of this new class of substances being also conf 
sidered desirable in view of certain questions that arose with regar|& 
to the connexion between their structure and physiological 
properties. /f 

The present communication deals with the application of tlfie 
Skraup synthesis to the preparation df the ^-naphthoxazones, t4e 


Me Me„ 
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results obtained with the other reactions being incomplete and 
reserved for a future communication. 

The Skraup reaction, which depends on the condensation of 
aromatic amines with glycerol and sulphuric acid in the presence 
of an oxidising agent, is apt to be rather violent when applied to 
the aminocoumarins, and it was found that the success of the 
operation depended to a great extent on the careful regulation of 
the temperature at the commencement of the reaction. It was 
also observed that, instead of using a mixture of nitro- and amino - 
coumarins, as is generally done in these reactions, the nitro- 
coumarins could he employed alone, without diminishing the yield 
of the j/'-naphtho'Xazones to any appreciable extent. 

This observation greatly simplified the process of this synthesis, 
as the aminocoumarins were sometimes rather difficult to prepare 
from the corresponding nitra-compounds. 

On treating 6-nitrocoumarin with allyl alcohol, it was reduced 
to the amino-compound (compare Brunner and Chiiard, Ber., 1885, 
18, 447), and it may therefore he legitimately assumed that allyl 
alcohol is formed in one of the stages in the condensation and is 
then oxidised to the corresponding aldehyde, by the nitro-com- 
pound, which is reduced in the process. The amino-compound now 
serves to combine with the acraldehyde, after which the reaction 
takes the usual course : 


CH 2 
oh: + 
OHO 



AAoo 




+ h 2 . 


In their chemical characteristics, the ^-naphthoxazones do not 
differ materially from the quinolines, except in their behaviour 
towards hot alkali hydroxides, which dissolve these substances with 
a deep colour. This is evidently due to the hydrolysis of the 
pyrene ring, and the solution presumably contains an unstable 
acid I on carefully neutralising the alkaline solution in the cold, 
the original substance is slowly deposited in the crystalline state. 

The i^-naphthoxazones, as tertiary bases, readily form salts, a 
large variety of the double salts having been prepared in the 
course of this investigation; 'amongst’ these, , the 1 ,dichromates,.. the. 
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f err ocy amides, and the double potassium merciiri-iodides are very 
characteristic and form crystals having a definite structure. They 
also give characteristic precipitates with the general alkaloidal 
reagents: Wagner’s solution gives a deep orange-brown, crystalline 
precipitate of the iodide, Scheibler’s reagent gives a white, crystal¬ 
line precipitate of the phosphotuiigstates, and Sonnenschein’s 
reagent gives a curdy precipitate of the corresponding phospho- 
molybdate. 

Like the tertiary amines, they also unite with alkyl haloids in 
molecular proportions. A feature of some interest which has 
arisen from a study of these N -alkyl iodides is the remarkable 
phenomenon of colour exhibited by members of the series in the 
solid state and in solution. Although the ^-naphthoxazones are 
generally colourless, and form colourless solutions in dilute mineral 
acids, their additive products with the alkyl iodides possess a deep 
colour varying in shad© from dark yellow to scarlet-red. The 
aqueous solutions of these iodides, however, which are strongly 
ionised, are practically colourless. 

In seeking an explanation for this behaviour, the influence of 
ionisation, and also, perhaps, that of the alkyl group and the 
halogen, has to be taken into account, and it seems feasible, there¬ 
fore, to suggest that the ions, basic and acidic, are colourless, 
whilst the undissociated molecule of the iV T -alkyl iodide is intensely 
coloured. 

If, moreover, this interpretation is correct, it would be reason¬ 
able to expect that the solutions of these iodides in non-ionising 
media would be coloured. This has been observed to be the case, 
for although the ordinary non-ionising solvents, like benzene, 
chloroform, etc., were found to have little or no solvent action on 
these iodides, the latter dissolved in warm toluene or xylene, the 
solutions being generally purple with an intense pink fluorescence. 

In. the reduction of the ^-naphthoxazones, the pyridine ring is 
first ,hydrogenised. The A-tetrahydro-^-naphthoxazcnes crystal¬ 
lise in golden-yellow needles, and their chemical behaviour 
coincides exactly with that of the fatty, aromatic secondary 
amines; the presence of the imino-group in their molecules is 
shown by the characteristic nitroso- and acyl derivatives which 
they form with nitrous acid, acetic anhydride, etc. 

The problem of ascertaining the constitution of the ^-maphth- 
oxazones has been greatly simplified by a consideration of the 
nature of the reactions employed in their synthesis. The occur¬ 
rence of the pyridine ring in the molecule has been placed beyond 
doubt by the isolation of quinoline by the distillation of the un¬ 
substituted ^-naphthoxazone with zinc dust. The next question 
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of importance that has to be settled in order to arrive at a definite 
structure for each individual member of the: series concerns the 
manner of attachment of the pyridine to the benzene nucleus. 
Thus, the reaction by which i/'-l: 8-naphthoxazone is synthesised 
from 6-aminoeoumarin may follow two different courses, according 
as the carbon atom adjacent to the amino-group taking part in 
the condensation occupies position 5 or 7 in the benzene ring. The 
compound in question may therefore be assigned either of the two 
following structures: 


0 0 o 



Although any direct evidence which might enable a decision to be 
made between these two possible constitutions is still lacking, the 
formula I appears to be the more plausible, and is also in harmony 
with certain general observations regarding the process of this 
condensation. Thus the substitution of a methyl group in posi¬ 
tion 7 does not hinder the progress of this reaction to the slightest 
extent, and this behaviour would be difficult to explain if it were 
assumed that the pyridine ring attached itself in the first place 
to the 7-carbon atom. The synthesis of alizarin-blue is another 
example of a similar nature where the condensation takes place 
smoothly with the pm\-carbon atom corresponding with the 
5-position in the coumarin ring. 

The best solution of the problem appeared to lie in the synthesis 
of a i/y-naphthoxazone of structure II from Cvamino-7-methyl- 
ooumarin and glyoxal, which, in the presence of alkalis, were ex¬ 
pected to condense in the following manner (compare Kulisch, 
Monatsh., 1895, 15, 277): 



Attempts in this direction,; however, have hitherto been unfruitful, 
and further experiments are in progress. 

The determination of the ■ structures of ' the . ^-benzoehonaphth- 
oxazoneB'. which have been obtained by analogous reactions, from 
6-nitro- :, and .. 6-amino-l: 2-a-naphthapyrones does 1 not '.present: 
much difficulty, as in theBe cases only the carbon atom 5 free'ltm 
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participate in the reaction, which can therefore proceed only in 
the following wav: 


CO 

v'N 


/\A/ 



Expeki mental. 


j^- 1 :8-iso Waphthoscaaone, 


c °/y\ 

a/\/ \ N 




This substance was first prepared from 6-aminocoumarin by 
heating it with glycerol and sulphuric acid in the presence of 
6-nitrocoumarin as the oxidising agent, according to the original 
directions of Skraup (. Monatsh 1880, 1, 316). The use of amino-' 
coumarin was dispensed with later and the nitre-compound 
employed alone, the following conditions being found to give the 
most satisfactory results. 

6 -Nitroeoumarin (16 grams) and glycerol (19 c.c.) were mixed 
together, and concentrated sulphuric acid (17 grams) was gradu¬ 
ally added, the mixture being cautiously heated in air oil-bath. 
A violent reaction set in at 145—150°, and as soon as this occurred 
the flask was removed from the bath and shaken vigorously. After 
the first reaction had subsided, the contents, which had now 
assumed a dark, tarry appearance, were again gradually heated 
to 160—-170°, and maintained at this temperature for five to six 
hours. After cooling, the solid mass was broken up and repeatedly 
warmed with small amounts of water, and filtered until the filtrate 
ceased to exhibit a blue fluorescence. The latter, on keeping, 
deposited a small amount of crystals, which were found to be 
unchanged nitroeoumarin. This was removed and the acid filtrate 
rendered alkaline with dilute sodium hydroxide, care being taken 
to avoid an excess, as the freshly precipitated ^-1:8-isonaphth- 
oxazone dissolves to a considerable extent in dilute alkali hydr¬ 
oxide even in the cold. The voluminous, pale yellow precipitate 
was collected, washed with cold water, and crystallised twice from 
boiling dilute alcohol with the aid of animal charcoal. 
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Thin, silky needles were deposited having a faint yellow colour 
and melting at 232° (uncorr.). The yield of the crystallised sub¬ 
stance amounted to a little more than 6 grams, approximating to 
40 per cent, of that required by theory: 

0-0930 gave 0*2488 C0 2 and 0*0326 H 2 0. C = 72*9; H = 3*9. 

0*1333 ,, 8*3 c.e. hr 2 at 30° and 745 mm. N = 6*9. 

requires C=73*l; H = 3*5; N = 7*l per cent. 

The substance dissolves readily in alcohol, ether, chloroform, etc., 
to form colourless solutions, but its solutions in dilute sulphuric 
and hydrochloric acids exhibit a pale blue fluorescence, which is 
best seen on dilution. The crystallised substance is insoluble in 
dilute sodium hydroxide solution in the cold, hut dissolves on boil¬ 
ing to give a deep yellow solution. The latter, on cooling and 
carefully neutralising with dilute sulphuric acid, slowly deposits 
the original material in a crystalline condition. 

The hydrochloride is precipitated on passing dry hydrogen 
chloride into a solution of the substance in 90 per cent, alcohol. 
It forms a white, granular powder after being washed with absolute 
alcohol. 

The mercimchloride crystallises from water in long, colourless, 
soft needles. 

The potassium merciiri-iodide, which is first obtained as a curdy, 
white precipitate on adding Meyer’s solution, very quickly changes 
into lustrous, leafy crystals. 

The pierate is precipitated on mixing the constituents in hot 
benzene solution. It forms a yellow, crystalline powder melting 
at 212°. 

The platinichloride , prepared by the usual method, crystallises 
in yellowish-brown needles: 

0*0757 gave 0*0177 Pt. Pt = 23*4. 

(C 12 H 7 O a lSr) 2 ,H 2 PtCI 0 ,H 2 O requires Pt = 23‘6 per cent. 

The aurichloride forms a bright yellow, crystalline precipitate, 
which rapidly turns brown in the air. 

The dichromate crystallises in orange-red prisms, which are 
almost insoluble in water. 

The ferrocyankle forms a shining, crystalline powder, which has 
a very characteristic colour resembling that of catechu. It dis¬ 
solves hi boiling water, the solution having an intense blue fluores¬ 
cence. The ferrocyanide appears to he partly decomposed in the 
process of boiling its solution, as, on cooling the aqueous solution, 
the salt does not crystallise out, but a deep blue powder is gradu¬ 
ally deposited along with clusters of small, colourless needles, which 
were identified as those of iho original base. 
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A series of ammonium iodides lias been obtained from ip-1 :8 4so~ 
naphthoxazone by union with the alkyl iodides. These were pre¬ 
pared by the general method of heating the base with the alkyl 
iodide, with the addition of a little absolute alcohol, at 140° in 
sealed tubes. They possess a dark yellow to red colour, are fairly 
readily soluble in water, and crystallise on concentrating their 
aqueous solutions. The following have been prepared: 

i/'-l: 8-iso Naphthoxazone N-7 nethiodide crystallises in thin, 
scarlet-red plates melting at 246°. The aqueous solution has a 
faint yellow colour: 

0-1655 gave 0*1138 Agl. 1=37-15. 

C 13 H 10 O 2 NI requires 1 = 37*46 per cent. 

It is practically insoluble in the ordinary organic solvents, such 
as benzene, ether, chloroform, etc., but readily dissolves in warm 
xylene to form a dark red solution with a fine violet fluorescence. 

The N-ethiodide, 0 14 H 12 0 2 NI, forms orange-red crystals melting 
at 206°. Its solution in xylene has a reddish-violet colour and 
exhibits an intense pink fluorescence. 

The N -n-butyl iodide, C 16 H 16 0 2 NI, forms a dark yellow powder 
melting and decomposing at 209°. It agrees with the foregoing 
derivatives in its general behaviour. 

The N -amyl iodide , C 17 Ii lS 0 2 NI, melts and decomposes at 210°. 
It closely resembles the butyl derivative in its physical properties. 

In order to examine the effect of the displacement of the alkyl 
groups by other complex groups on the colour of these substances, 
the following compounds were prepared, the first two of which were 
practically colourless, whilst the last had a pale yellow tint. 

The ^-allyl bromide, C ig H 12 0 2 NBr, forms small, white needles 
melting and decomposing at 320°. 

The N -benzyl chloride, C ig H 14 0 2 NCl, crystallises from water in 
green needles melting at 265°, 

The N~phe?iylacetyl bromide, C 20 H 14 O 3 NBr, forms a pale yellow, 
crystalline powder melting and decomposing at 350°. 

5:6; 7: S-Tetrcphydro-^f-l ; fydaonaphthoxasone. 

tp-1 :8-iaoNaphthoxazone (2 grams) was dissolved in concentrated 
hydrochloric acid (30 c.c.), granulated tin (5 grams) added, and 
the mixture gently boiled on a sand-bath under reflux for seven 
to eight hours. Next day water was added, and the tin was 
removed as sulphide. The filtrate was concentrated to about 
100 c.c., and rendered alkaline with dilute ammonia; on cooling, 
the tetrahydro-derivative slowly separated in golden-yellow needles. 
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A single crystallisation from hot water, in which it was moderately 
soluble, rendered it quite pure, and the substance then melted 
sharply at 148°: 

0-1624 gave 0*4257 C0 2 and 0*0818 H 2 0. C=7T5; H = 5*61. 

0-1884 „ 12"2 c.c. N 2 at 26° and 742 mm. N = 7*3. 

C 12 H n 0 2 N requires 0=71*64; H==5‘47; N = 7-00 per cent. 

The 1ST -nitro so -deri vative, prepared in the usual manner, crystal¬ 
lised from alcohol in almost colourless needles melting at 175°: 

0‘1448 gave 15'15 e.c. N 2 at 22° and 757 man. N — 12‘1. 

C 12 H 10 O 3 N 2 . requires N = 12-17 per cent. 

The benzoyl derivative, C lf) H 15 O s N, forms colourless plates, 
sparingly soluble in alcohol and melting at 252°. 

Q-Methyl-ip-1 : S-isonaphthoxasone was prepared from 6-nitro-7- 
methylcoumarin, the same precautions being taken as in the case 
of the preparation of the unsubstituted naphthoxazone. The pro¬ 
duct amounted to 3 grams from 8 grams of the nitre-derivative, 
the yield being approximately 35 per cent, of the theoretical. It 
crystallises in colourless needles melting at 200°: 

0*1040 gave 6*4 c.c. N 2 at 30° and 744 mm. N —6-8. 

C 13 H 9 0 2 N requires N = 6-63 per cent. 

The pi crate crystallises in prismatic needles melting at 209°. 

The dichromate crystallises from -water in orange-yellow, flat 
prisms. 

The ferrocyamde forms a chocolate-red, crystalline powder. 

The platiniehlorkle crystallises in deep yellow, small needles. 

The aunchloride forms an amorphous, yellow precipitate. 

The mercurichloride crystallises in soft, colourless, woolly needles. 

The potassium merctindodide forms clusters of pale yellow, 
prismatic needles. 

5:6:7: 8-Tetrahydro~^mi6thyl~\}j-l : 8-iso naphthoxazone } prepared 
from the corresponding methylnaphthoxazone by reduction with 
tin and hydrochloric acid, crystallises in golden-yellow needles 
melting at 180°: . 

01650 gave 9-9 c.c. N 2 at 27° and 751 mm. N = 6-75. 

C 13 H ]3 0 2 N : requires N = 6'51 per cent. 

The rntfroso-derivative, forms a colourless, crystal¬ 

line powder melting at 155°. 

4: d-Dimethyl-Tp-l : S-imnaphthoscasone was obtained in a 20 per¬ 
cent. yield by heating 6-nitro-4:7-dinaethylcoumarin (m. p. 250°) 
with glycerol and sulphuric add Under the usual conditions. It 
: crystallises from .warm, alcohol, .in.mlky,: needles, melting .'.at. ; :238 0 
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0*1249 gave 7 c.c. N 2 at. 27° and'748 mm. M = 6*3. 

C 14 H u 0 2 N requires 1ST = 6*20 per cent. 

The pkrate crystallises in yellow needles melting at 197°. 

The dichromate forms a dark red, crystalline powder. 

, The ferrocyamide forms intense red, small prisms decomposing 
above 300°. 

The methiodide , C 15 TI 14 0 2 NI, crystallises from water in dark 
brown needles melting at 195°. 

5:6:7: 8 -TetralvydrohA : 9 -dimethyl- ip-1 : 8-iso naphtha xazone 
crystallises from alcohol in bright yellow needles melting at 190°. 
It is practically insoluble in hot water: 

0*1438 gave 7*8 c.c. N 2 at 26° and 748 mm. N=6*15. 

C 14 H 15 0 2 N requires N = 6*10 per cent. 

The nitroso- derivative, 0 14 H 14 0 3 ISr 2 , prepared by adding a very 
dilute solution of sodium nitrite to a solution of the base in dilute 
hydrochloric acid at 0°, forms a colourless powder melting at 
161°. 


ip~Benzo-l : 8-is onaphthoivazone, 


CO 

0 /\ 
v J ) 
/N/Nj/ 




The starting point in the synthesis of this substance is 6 -nitro- 
1: 2-a-naphthapyrone, C 13 H 7 0 4 N, which does not appear to have 
been described before. It was prepared by the ordinary process 
of nitrating 1:2-a-naphthapyrone dissolved in glacial acetic acid, 
adding concentrated sulphuric acid, and warming the mixture on 
the water-bath. It separates from hot glacial acetic acid in pale 
yellow nodules melting at 197°. 

The assumption that the nitro-group enters position 6 is based 
on the fact that the 6-nitro-derivative is formed first in the nitra¬ 
tion of 4-methyl-l:2-a-naphthapyrone (Bey, T., 1915, 107, 1613). 

tp-Benzo-1: 8-isonapJhthoxazqne crystallises in soft, pale yellow 
needles melting at 243°. The yield amounted to 30 per cent, of 
the weight of the nitro-compound employed : 

0*1490 gave 7*8 c.c. K 2 at 24*5° and 759 mm. N = 5*9. 

C 16 H 9 OoN requires N==5*65 per cent, 
A-Methyl-ifr-benzo-l :8-isQnaphthQ$azone was prepared from 
S-mfcro-4~methyl-l: 2-a-naphthapyrone,, and it exhibited the same 
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characteristics as the foregoing compound. The yield in one 
instance amounted to 50 per cent, of the theoretical. 

It crystallises in pale yellow needles melting at 234°: 

0"2291 gave 11*4 c.o. N 2 at 24° and 759 mm. N = 5'6. 
C 17 H u 0 2 N requires N = 5*36 per cent. 

Organic Chemical Laboratory, 

Presidency College, 

Calcutta. [Received, March loth , 1010.] 


XL .—Mercury Mercaptide Nitrites and their Reaction 
with the Alkyl Iodides. Part V. Chain Com¬ 
pounds of Sulphur (continued). 

By Sir Prafulla Chandra Ray and Prafulla Chandra Guha. 

The present series of investigations has hitherto been confined to 
derivatives of monomercaptans; it has now been extended to those 
of the dimer captans, of which 2:5-dithiol-l: 3:4-thiodiazole may be 
taken as a typical representative. 

When this dimercaptan is treated with mercuric nitrite, a 
dimercaptide dinitrite, 

0 2 h T HgS*C:N*N:C‘‘SHgN0 2 

I—. g -_J 

is not obtained, but the nitrous acid simultaneously disengaged 
oxidises the hydrogen atoms of two, three, four, and even six 
molecules of the dimercaptan, and the sulphur atoms become linked 
together and give rise to an interesting series of closed chain com¬ 
pounds. The maximum number of sulphur atoms forming the 
connecting link between two adjacent nuclei in the condensed 
complex molecule thus formed has so far been found to be twelve. 
Thus, in the case of a trinuclear condensation, we have 

Jic- 

8*R"«g-H O' Hlg-R"-ifif O H:g-R"*K 

I '.' I -■ 

Hg/NO* . UNiOHg 

S-R"*S‘S*RS3-Sdr-S 

I ' I ' I +»A + 2H s O. 

; Hg -0-Hg 

1 *0:N‘N:C- 

R" denotes the bivalent group ] | . 

\ S 
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The heavy molecule of the dimercaptide dinitrite cannot retain 
the load of two N0 2 groups, and hence rupture takes place, as 
indicated by the dotted line, and a closed chain sulphoxy-deriv- 
ative is finally formed with the liberation of nitrous fumes. The 
compounds thus generated are not, as a rule, nitrites. Some pre¬ 
parations, however, responded slightly to the nitrite tests, but the 
percentage of nitrogen due to the presence of nitrite was very 
low, proving that the proportion of the latter was insignificant. 
The occasional presence of some nitrite goes to establish the fact 
that the oxy-compound is in reality a decomposition product of the 
former. 

If, instead, of the dimercaptan itself, its potassium salt is used, 
the tendency towards oxidation by nitrous acid is excluded and 
a mercaptide nitrite of the formula 

KS«C:N'N:0*SHgNO g 

, * Sk ¬ 
is obtained. 

The sulphoxy-compounds may be represented by the general 
formula (C 2 N 2 S 3 )£,Hg 2 0, where x = 2, 3, 4, or 6. A condensation 
product of five molecules has not yet been obtained. It is not easy 
to explain why in one operation the value of x should be two and 
in others it should rise to six; possibly the concentration of the 
parent substances is the main determining factor. It has often 
been found that two preparations under similar conditions had 
identical compositions. In the majority of cases, the value of x 
was found to be three, occasionally two and four, and only rarely 
six. ' ' ' 

The preparations could not have been admixtures, because each 
of them strictly conformed to a definite formula. The most con¬ 
vincing proof of these compounds being of definite composition, 
however, is afforded by their reaction, with the alkyl iodides. These 
sulphoxy-compounds behave exactly like mercaptide nitrites, and 
yield, as a rule, the corresponding sulphoiixum derivatives and, in 
a few cases, those with a less number of nuclei. The reducing 
action of the alkyl iodide removes the oxygen atom of the sulphoxy- 
ring, and, the bonds being thus snapped, an open-chain compound 
is formed,: thus 

k-o-irg 

The six sulphur atoms of the chain now become quadrivalent W/ 
taking up the components of the alkyl iodide. | 


! I! If I 

I I i I ! I ( 
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In this manner, a series of tetra-, hexa-, oeta-, and dodeca- 
sulphonium compounds have been prepared. Each of these, with 
the exception of the propyl and butyl derivatives, is characterised 
by its crystalline character, and, moreover, its successive crops have 
the same melting point; the possibility of their being mixtures is 
thus precluded. 

Another interesting point is the shifting of the double bonds, 
thus: 

N-—n hr=N 

II II II 

■G O- >C C< p , 

S' S 

where R — methyl, ethyl, propyl, or butyl. As a rule, this is con¬ 
fined only to one nucleus. There is here evidently an extension 
of Thiele’s theory to nitrogen compounds. 

In one isolated instance, and that in the case of the reaction 
with methyl iodide, instead of there being a shifting of the double 
bonds, both the pairs of nitrogen and carbon atoms throughout the 
molecule were saturated by taking up additional methyl groups, 


thus: 

N — N 

MeN —NMe 


II | 

•c o 

\/ 

-I Me J 1 

Me>< \ / <M * 

a 



Experimental. 



Bvlphoxy-compounds. 


General Method of Preparation .: 5-Dithiol-l: 3 : 4-thiodiazole, 
prepared according to Busch’s method. {Ber., 1894,' 27, 2518), in 
dilute alcoholic solution, was added drop by drop with vigorous 
stirring to a solution of mercuric nitrite, care being taken that the 
latter was always in excess. In this manner, a semi-gelatinous, 
pale yellow precipitate was obtained, which was washed with water 
and dried in a vacuum desiccator. The powdered, granular mass 
was then heated under reflux successively with alcohol and benzene 
to remove any adhering accidental organic impurities, namely, the 
parent dimercaptan or its oxidation product, the disulphide. This 
precaution was, however, found to be unnecessary. The com¬ 
pounds obtained in this way'are always associated with some mole¬ 
cules of water, A’;: 
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Potassium Salt of 2: 5-Dithiol-1 : 3: ^.-tModmzdc and Mercuric 
Nitrite .. 

With an aqueous solution of the potassium salt, a compound of 
KS-C:N«N:c*SHgN0 2 

the formula J „ J 


with 12H 2 0 is obtained. Analysis of the substance gave: 
Found: Hg = 31*50; S = 13*S9; 0=3*53; H = 5*34* 
C s 0 8 N 8 SgHgK,12H 8 0 requires Hg = 30;81; S = 14*79; C=3*70; 
H = 3*70 per cent. 


2 ;5-Dithio7-l :3 -A-thiodiazole and Mercuric Nitrite: Formation of 

8-C 2 N 2 8-8 2 -0 2 N 2 S-8 

the Dinudear Sulphox//-compound, j j ,3H 0 0. 

Hg-0-Hg 

Found: Hg = 52*57, 52-42; 8=23*76; N = 7*36. 

0 4 ON 4 S (; Hg ? ,3BoO requires Hg=52*22; 8 = 25*07; N = 7*31 per 
cent. 

•8*O s N 2 S-S 2 *0 3 N 2 S-S^0 2 N a S-S 

Trinuclear Sidph 6an/-ednipmiitd, I ) . 

Hg-0-Hg 

In this ease, each distinct preparation gave the compound 
associated with 8, 5, and 2 molecules of water respectively. 
Compound with 8H 2 G. 

Found: Ilg —40*21; 8 = 27*56; C=S*50; N-8-I8. 

C ( .,0N c 8 fl Hg 2 .8HnO requires Hg = 39*85; 8-28*69; C = 7*17; 

N = 8*37 per cent. 

Compound with 5H e O. 

Found: Hg = 42*07.; 8 = 30*21; N = 9*36. 

C G 0N c S 9 Hg 2 ,5H 2 0 requires Hg=42*ll; S = 30*31; N = 8-84 per 
.cent. ■ - 

Compound with 2B 2 0. 

Found: Bg = 45*33; 8 = 31*40; N=9-52. 

C 6 0N c S 9 Hg 2 ,2H 2 0 requires Hg = 44*65; 8 = 32*14; N = 9*38 per 

. cent. 

Qn repeating the preparation, the same trinuclear condensation 

* The percentage of hydrogen is often too high as traces of mercury 
vapour are apt to be carried over to the calcium chloride tube; in many 
cases, therefore, the value of hydrogen has not been given. 
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product was obtained, although sometimes in an impure form. 
Thus in one preparation there was found Hg = 42*52, 8 = 34*54, 
and in another, Hg—43*72, 8 = 31*53. However, on treating each 
of these with the alkyl iodides, the same sulphonium compound 
was obtained (see p. 546). 

Tetranuclear Sulphoxy-compound , ( 0 ^ 383 ) 4 , Hg s O. 

Compound with 3H 2 G. 

Found: Hg = 37*94; 8=37*54; N = 11*48. 

C 8 0N 8 S 12 Hg 2 ,3H 2 0 requires Hg= 37*67; S = 36*16; N = 10*55 per¬ 
cent. 

Compound with 5H a O. 

Found: Hg = 37*21; S = 35*13; N = 9*55. 

C s ON 8 S 12 Hg 2 ,5HoO requires Hg=36*43; S = 34*97; 3ST = 10*2 per¬ 

cent. 

Hexanuclear Sulphoxy-compound , (CoN 2 S 3 ) e ,Hg 2 0,7H 2 0. 

Found: Hg = 2S*52; S = 39*82; N = ll*59. 

0 12 0N 12 i S 1 R Hg 2 ,7HoO requires Hg = 27-97; 8 = 40-28; N = ll*75 per 

cent. 

Reaction with the A lhyl Iodides. 

General Method of Preparation. —The above sulphoxy-deriv- 
atives were heated with the alkyl iodides on a water-bath under 
reflux for several hours, the product being allowed to remain over¬ 
night. Sometimes a crystalline mass, and occasionally a heavy, 
dark brown oil. settled at the bottom; the excess of alkyl iodide 
was decanted or distilled off, and the product dissolved in the 
minimum, quantity of acetone and the solution filtered from the 
insoluble matter whenever necessary. On adding ether to the 
filtrate, a pale yellow, mealy, crystalline precipitate was obtained, 
and this process was repeated in order further to purify the 
substance.' . 

Di nuclear Condensation. 

Formation of 


(T). 


The product melted at 101—102°. 


The. Compound , C^pN^SflHg^, and Methyl Iodide ; 
the Compound, 

Me 1ST—FT Me Me N=N Me 

I if. If .! -I ' I- ' * ' 

IHg-S— 0 C-S—-S—OMe OMe-SHIgT 

V \/ i ! \/ ^ 

I 8 I I ■; s ■ I 
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Found: Hg=25*94; 1=49-23; 0=7*75. 

C 2( ,H1 8 N 4 S 6 Hg 2 I 6 requires Hg=25*84; 1=49*33; 0 = 7*75 per cent. 

The corresponding compound with ethyl iodide (II) was sparingly 
soluble in acetone, and was therefore purified by crystallisation 
from the boiling solvent; it melted at 107°. 

Found: Hg = 24*19, 24*58; 1=43*20*; C -11*25, 11*42; N = 3*53. 
C 16 H so N 4 S 6 Hg 2 I 6 requires Hg=24*51; I=46'69; 0=11*76; N = 3*43 
per cent. 

The corresponding dinuclear tetrasulphonium compounds with 
??,-propyl and w-butyl iodides did not crystallise, but consisted of 
dark brown, pasty masses, which were purified by repeated pre¬ 
cipitation with ether from acetone solution. 

Compound with n-propyl iodide (III). 

Found: Hg = 23*89; 1 = 44*74; 0 = 14*05. 

C 22 H 42 N 4 S 6 Hg 2 I c requires Hg=23*31; 1=44*40; C=15*38 per cent. 
Compound with n-huM/l iodide (IT). 

Found: Hg = 21*77; 1 = 41*75; 0=17*66; N=3*ll. 
C 28 H 54 N 4 S 6 Hg 2 I 6 requires Hg = 22*22; 1 = 42*33; 0 = 18*60; N = 3*ll 
per cent. 


Trinu clear 0 ondensation. 


The Compound, C 6 03Sr 6 S 9 Hg 2 , and Methyl Iodide.: Formation of 
the Compound , 

Me N—N Me Me N—N Me Me N—N Me 


■ i ji ii i r i, i; i i ! i i 

IHg-8—0 Q~S—S---C O-S—OMe 0Me*S*Hg.T (V). 

! \/ ' ! \/ ! i \/ ! 

i s I I s i i s i 


The product of the interaction was an oil. It was dissolved in 
hot acetone, and the solution,* on cooling, deposited a crystalline 
mass, which when recrystallised from hot acetone yielded needle- 
shaped crystals melting at 101—102°, identical with the compound, 
C |0 Hi 8 17 4 S G Hg 2 I 6 , described above. The original mother liquor, on 
concentration, gave two successive crops melting at 85—86°. 

Found: Hg=21*55; C = 8*66. 

Ci 4 H 24 3ST (i S B Hg 2 I 8 requires Hg = 20*20; C=8*48 per cent. 

^ As a large quantity of copper powder has to be used and the process is a 
tedious one, the values for iodine and sulphur are sometimes too low (see 
T., 1916,109, 611). 
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Compound with Methyl Iodide in which all the Double Bond's 
are Saturated , 


■Me NMe-NMe Mei 


*S—OMe OMe~ - S* 

I \/ ! 

I S'. i 


Hg 2 I 2 (VI). 


The method of preparation and purification was the same as in 
the case of the preceding compound. It is a white, crystalline 
substance melting at 94°. 

Found: Hg = 18-24; 8 = 11*36; 0=13-15; H=2*54. 

,C 24 H M N 6 S 9 Hg 2 I 8 requires Hg=18*78; S = 13*52; C=13*52; 

H = 2*53 per cent. 

The formation of this type of compound has been observed only 
in this one instance. 


Compound with n-Propyl Iodide (VII). 

This conforms to the ordinary type. 

Found: Hg = 18-54; 1=44*61; .0 = 16-47. 

C^H^N 6 S 0 Hg 2 I 8 requires Hg== 18*14; 1 = 46*1; 0 = 16*33 per cent. 

As will be noticed, the trinuclear sulphoxy-compound gives .with 
methyl iodide compounds I and V, the latter being the chief pro¬ 
duct. This tendency towards the formation of the dinuclear tetra- 
sulphonium compound from the higher nuclear sulphoxy-compounds 
is particularly noticeable in the case of the reaction with ethyl 
iodide, when only the dinuclear sulphonium compound (II) is 
obtained, even from tri- and tetra-nuclear sulphoxy-derivatives. 
In all these cases of formation of a lower member from the higher 
sulphoxy-compounds, a dark brown, pasty substance with a 
penetrating odour and lachrymatory properties was always pro¬ 
duced, which resisted all attempts at purification. 


M exanuclear C ondensation. 

The Compound, C 12 ON 12 S 18 Hgo, and- Ethyl Iodide : Formation of 
the Compound, 

rEt FF—N Et Et N“N Et 

! II I!- I • 1 

•S—C C—S- -S-—CEt CEfc-S-Hgl (VIII). 

A V i J V 1 


IHg- 


Tliis melted at 90—-9X°. 
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.Found: 1 = 50*03; N=3'90; C=13*14. 

C. (0 H 70 N 12 S 18 Hg 2 I M requires 1 = 51*20; N=4*84; 0=13*82 per cent. 

It will thus be seen that the type persists throughout, in that 
the alteration in the position of the double bond is limited to only 
one nucleus of the chain. 

In the previous communications, the compounds there described 
were tentatively classed under the sulphonium group, although no 
direct proof could be adduced in support of this view. One of the 
purest compounds of this series, namely, MeEtS 2 ,HgI 2 ,EtI (T., 
1916, 109, 606), was selected for molecular weight determination 
in acetone solution by the ebullioscopic method; the value obtained 
was 712, that required by theory being 718. It is thus evident 
that the constitution is atomic (compare Hilditch and Smiles, T., 
1907, 91, 1396). . 

A study of the physical properties of the interesting poly- 
sulphonium compounds treated of in this paper is being under¬ 
taken which, it is hoped, will throw additional light on their 
constitution. 

Chemical Laboratory, 

CoxXiEChb or Science, 

University of Calcutta. [Received, November 30 th, 1918*3 


XU .—Mercury Mercaptide Nitrites and their Re¬ 
action with the Alkyl Iodides . Part VI. Chain 
Compounds of Sulphur (continued). 

By Sir Prafulla Chandra Bay. 

The present investigation deals with the chain compounds of sexa- 
valent sulphur. On treating the product of the interaction of 
thioearbamide and mercuric nitrite, namely, the sulphoxynitrite. 

NH s -C(:NH)-S(HgN0 2 )<? g (T., 1917, 111, 102), with ethyl 

iodide, a yellow, crystalline substance was obtained which was 
soluble in acetone, and, on purification by precipitation with ether, 
melted at 98—100°. Analysis proved it to conform to the formula 
Et- 3 S 2 ,EtI,2HgI 2 ; in other words/* it is a member of the 
distilphonium series * already described (T., 1916, 109, 134) with 
an additional molecule of mercuric iodide in combination, to which 
should be assigned the constitutional formula 
IHg*.SEt 2 VSEtI'HgI, ■ ' 
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one of the sulphur atoms in the chain becoming sexavalent. The 
formation of this compound suggested the possibility of the direct 
conversion of all the members of the series RR' 8 2 ,R T,Hgl 2 into 
RR/S^R'IjSHgTg. This anticipation has been realised "with one 
notable exception. When the alkyl group happens to be methyl, 
combination with an extra molecule of mercuric iodide does not 
take place. The presence of the radicle ethyl, on the other hand, 
favours the combination. Thus in the above series, where R = Me 
and R ; = Pr° or butyl, the extra valencies of the sulphur atom are 
not revived, but if R/ happens to be ethyl, this anomaly disappears. 
To what extent the ethyl group favours the increase in valency 
will be evident from a typical case. When mercury ethyl- 
mereaptide nitrite, EtS*HgN0 2 , is treated with methyl iodide, by 
an interchange of the radicle, the compound, EtMeS 2 ,HgI 2 ,MeI, is 
obtained (T,, 1916, 109, 603); but in this case, although there are 
two methyl groups, the presence of a single ethyl group is sufficient 
to counteract the prejudicial influence of the former, and the com¬ 
pound, EtMeS 2 ,MeI,2HgI 2 , is readily formed. 

The marked genetic affinity of the radicle ethyl for sulphur and 
its influence on the increase in its valency is further evidenced by 
the fact that a compound of the empirical formula 
Et 4 S 2> 2EtI,HgI 2 

has also been obtained from ethyl sulphide by ‘its reaction with 
ethyl iodide and mercuric iodide. On repeating Smiles’s experi¬ 
ment (T., 1900, 77, 161), under slightly altered conditions, with 
a view to ascertain the maximum valency of sulphur, it was noticed 
that whilst the main product was the compound, Et 3 SI,HgI 2 , as 
found by this author, there was always a considerable amount of 
a shining, crystalline substance, practically insoluble in cold 
acetone. As it had a sharp melting point when crystallised from 
hot acetone, it was analysed, with the result that the formula 
given above was established. What evidently happens is that 
under the- joint action of mercuric iodide and ethyl iodide, or 
rather their ions, the bivalent sulphur atoms of two adjacent mole¬ 
cules of ethyl sulphide become sexavalent, with the formation of 
the compound, SEtglg'SEtgl'Hgl. 

It is remarkable that, if, in the above reaction, ethyl iodide is 
substituted by methyl, propyl, or butyl iodide, the product in 
each case is completely soluble in acetone and conforms to the 
general formula Et 2 RSI,HgI 2 , but no product of the fusion of two 
ethyl sulphide molecules is formed. The differential property of 
ethyl as compared with other alkyl radicles is thus brought into 
relief. : • 

; It was .expected. that-:.the; general method of the preparation of 
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the disulphanium compounds already described, namely, the treat¬ 
ment of ethyl mercurimercaptide nitrite, EtS*HgN0 2 , with ethyl 
iodide, should also yield the chain compound containing both the 
sulphur atoms in the sexavalent state. This expectation has also 
been realised. The latter compound is produced in such small 
amount that on previous occasions its formation was overlooked. 
It has already been shown that ethyl disulphide, ethyl iodide, and 
mercuric iodide also combine directly to yield the disulphonium 
compound, E1 2 S 2 , H gl 2 , E tl (loc. cit.). Recently, this preparation 
has been repeated, and it has been found that the sexavalent 
disulphur compound is also formed in considerable quantity along 
with the former. It is thus evident that both the chain com¬ 
pounds, containing quadri- and sexa-valent sulphur respectively, 
are formed simultaneously. 

It is of interest to note that Smiles and Hilditch, who treated 
an acetone solution of molecular proportions of ethyl disulphide 
and mercuric iodide with ethyl iodide, obtained diethylthioethyl- 
sulphonium dimercuric iodide, (C 2 H 8 ) 8 S 3 I,2HgI 2 (T., 1907, 91. 
1396). It is evidently the same compound as has been described 
above. 

An explanation may be offered as to why it is that in the first 
series of compounds only one of the two atoms of sulphur exists 
in the sexavalent condition; here the quadrivalent sulphur, being 
already weighted with the heavy load of the ions Hgl* and I 7 , has 
lost the capacity of taking up an additional charge j in other words, 
of acquiring the maximum valency. In the solitary instance, how¬ 
ever, in which both the sulphur atoms happen to be sexavalent, it 
will be noticed that there is only one set of Hgl* and I 7 ions; the 
sulphur atom combined with the latter has attached to it three 
additional comparatively light ethyl radicles, whereas the other 
sulphur atom, not having to bear the load of the heavy Hgl-group, 
is in a position to take up three ethyl groups and two iodine atoms. 
Facts are already known which go to support the view that the 
maximum valency of an element is often conditional on the load 
of the radicles. The author hopes in a succeeding communication 
to show that platinum when attached to the radicle of 5-thiol-2-thio- 
3-phenyl-2:3-dihydro-l: 3 :4-thiodiazole, is .in the tervalent con¬ 
dition. It is none the less inexplicable why the light radicle 
methyl should stand in the way of one of the atoms of sulphur 
attaining its maximum valency. The anomalous behaviour of the 
first member of the alkyl series is, however, well known. 
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Experimental. 

Tlie general method of preparation of the series R s S 2 ,B.I,2HgI 2 
has already been incidentally described. These members are 
readily obtained by dissolving the corresponding disulphoniuxn 
compound in acetone and. adding mercuric iodide to the solution 
until no more is absorbed. The golden-yellow liquid is decanted 
from the undissolved iodide, and, on adding ether, a copious deposit 
of yellow, mealy crystals is obtained. Solution in acetone and pre¬ 
cipitation by ether is repeated until the product gives a fairly sharp 
melting point. It has been found that in some instances, especi¬ 
ally in the case of the methylsulphonium compound, 
Me 2 S 2 ,MeI,HgI 2 , 

the acetone solution at first takes up a considerable quantity of 
mercuric iodide, but purification by the above process gradually 
removes all the mechanically held salt. 

Compound Et^S 2 ,EtI,2HgI 2 .— (a) From the sulphoxynitrita 
derivative of thiocarbamide and ethyl iodide. The substance 
melted at 98°: 

0-3656 gave 0-1250 Hg, 0*3540 Agl, and 0-1029 BaS0 4 . 

Hg= 34-19; 1 = 52*32 ; S = 3B7. 

0-2442'"gave 0-0570 C0 2 and 0*0356 H 2 0. 0 = 6-37; H = l-62. 

(6) By the direct union of mercuric iodide with the compound 
Et 2 S 2 ,EtI,HgI 2 . The substance melted at 100—101°: 

0-2118 gave 0*0711 Hg. Hg = 33*57. 

0-2118 „ 0-0532 C0 3 and 0-0325 H 2 0. 0 = 6*85; H = l-71. 

C 0 H I5 I 5 SoHg 2 requires Hg = 33*73; 1=53-54; S = 5‘4; 0 = 6*07; 

IT = 1-26 per cent. 

Compound MeEtS 2 ,Eti,2TIgI 2 (m. p. 38—40°): 

0-3840 gave 0*1236 Hg and 0*3768 Agl. Hg = 32’19; 1 = 53*03. 

0-2094 „ 0-0452 C0 2 and 0*0466 H a O. 0 = 5*87; H = 2*47. 

C r> H I3 I 5 S 2 Hg 3 requires Hg = 34*14; 1 = 54-19; C=5-12; H = T11 
per cent. 

Compound MeEtS»,MeI,2HgI 2 (m. p. 50—55°): 

0*2467 gave 0*2483 Agl and 0*0840 Hg. Hg = 34*05; 1 = 54-39. 

0-1428 „ 0-0286 CO a and 0*0211 H 2 0 . 0 = 5*46; 11 = 1*34. 

C 4 H 11 I B S 2 Hg 2 requires Hg= 34*55; 1 = 54*84; 0 = 4*14; H = 0-95 
per cent. 

Compound EtPr*S 2 ,Pr“I,2HgI s +C 3 H 6 0 (m. p. 30—31°).-—This 
compound contains one molecular proportion of acetone: 

VOIi. oxv. x 
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0*4410 gave 0*1400 Hg. Hg = 31*75. 

0-1629 „ 0*0586 C0 2 and 0*0352 H a O. 0 = 9*81; H = 2*40. 

CgH 19 I f> S 2 Hg 2 ,C 3 H c O requires Hg=31*45; 0-10*38; H = l*97 
per cent. 

Compound Bt(O 4 H 9 )S 2 ,C 4 H 0 I,2HgI 2 + l*5C 3 H c Q.—The substance 
had the consistency of treacle, and contained 1*5 molecular pro¬ 
portions of acetone: 

0-3879 gave 0*1153 Hg and 0*3272 Agl. Hg=29*72; 1-45*58. 
0*1340 „ 0-0649 C0 2 and 0*0363 H a O. 0 = 13*21; H = 3*01. 

C 10 H 28 I 5 S 2 Hg 2) l*5C 3 H 6 O requires Hg = 30*10; 1 = 47*79; C=13*10; 
H = 2*41 per cent. 

Compound containing two sexavalent sulphur atoms (m. p. 
146—147°). It was very sparingly soluble in cold acetone, but 
fairly readily so in the boiling solvent: 

0*2991 gave 0*063 Hg and 0*2916 Agl. Hg=21*06; 1 = 52*69. 
0*4032 „ 0*8400 Hg and 0*2042 BaS0 4 . Hg=20*86; S=6*96. 
0*1930 „ 0*1068 C0 2 and 0*0538 H 2 i O. 0 = 15*09; H = 3*09. 

C ls H 30 I 4 S 2 Hg requires Hg=21*14; 1 = 53*70; S = 6*77; 0=15*22; 
H = 3*17 per cent. 

Chemical Las oratory. 

College or Science, 

University of Calcutta. [Received, January 8th, 1919.] 


XL1I .—Mercuric Sulphoxyohloride. 

By Sir Prafulla Chandra Ray and Pbafulla Kumar Sen. 

The close analogy between mercuric chloride and nitrite has been 
found to hold good throughout the investigations carried on from 
1898 onwards. Thus, whilst mercuric nitrate with sodium sulphate 
at once gives an abundant yellow precipitate of the oxysulphate, 
the chloride and the nitrite fail to give it (T., 1897, 71, 1103). 
The explanation lies in the fact that the latter salts are very feebly 
ionised in solution, and thus have no tendency to yield basic com¬ 
pounds. Ammonia, amines, and even a class of alkaloids have 
been found to behave towards mercuric nitrite in a manner similar 
to their action on the chloride (T., 1913, 103, 3; 1917, 111, 507). 

The substituted thiocarbamides, thiocarbimides, thiobenzamide, 
etc., have been shown to give rise to a purely inorganic sulphoxy- 
nitrite of the empirical formula [3(SHgN0 2 ),HgO] 2 , which is in 
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reality a chain compound containing six atoms of sulphur linked 
together (T., 1917, 111, 104). 

An attempt has been made to isolate the radicle (SHgCl) 2 , which 
would be the analogue of mercuric iodosulphide, (SHgI) 2 (loc. cit ., 
p. 109), by treating mercuric chloride with some typical thio- 
compounds named above, as also thioacetic acid and amm onium 
dithiocarbamate. It was expected that in each case the radicle, 
SHgCl, would become detached from the parent substance and 
lead an independent existence. This expectation has been realised, 
but in a qualified sense. The radicle, SHgCl, no sooner separates 
out than it assumes the form [3(SHgCl),HgO] 2 , which is the exact 
analogue of the oxynitrite. It has been shown already that the 
complex nitrite containing several nitre-groups, by the elimination 
of nitrogen trioxide, readily yields the oxynitrite. 

It is not easy at first to understand how the chloride would also 
give rise to an oxy-salt. The explanation is obvious when it is 
considered that water takes part in the reaction; the compound 
[3(SHgCl),HgO]2. is formed thus: 

HgOl HgCl HgCl HgCl 

ClHg-S*S-S-S- —i-S-HgOl = 

j . ( ..I.... .. I. *■ . 

HgCl H!o|H Cl: Cl B OH Cl|tig 

HgOl 

! 

-S-S-HgCl + 4 HOI. 

I 

•Hg 

In other words, as soon as the radicle, SHgCl; is formed, three 
groups take up an additional molecule of mercuric chloride, that 
is, the radicles HgCl and Cl and a molecule of water simultaneously 
take part in the reaction, four molecules of hydrogen chloride are 
generated, and the oxygen atom forms the connecting link between 
the mercury atom, the neighbouring sulphur atom, and the two 
symmetrical complexes coalescing into a single molecule. 

It is necessary to point out that whilst the radicle, SHgNO*, has 
often a tendency to part company with the parent substance, the 
radicle, SHgCl, on the other hand, often remains attached to it. 
Thus thiocarbamide when acted on by mercuric chloride yields the 
compound NH 2 *C;NH*SHgCl,HCl, which is actually a hydro¬ 
chloride, as will be shown in a subsequent communication. If, 
however, thiocarbamide is converted into its diacetyl derivative 
and then treated with mercuric chloride, the molecule is ruptured, 

Y 2 


HgCl HgCl HgCl 

I I ! 

OIHg-S-S-S-S- 

I J I 

Hg-0 O--- 
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with the detachment of the radicle, SHgCl, and the formation of 
the oxychloride. s-Diphony 1 thiocarbaiaide also' behaves similarly. 
Evidently the introduction of the negative radicles, acetyl and 
phenyl, neutralises the basic character of the compound due to the 
presence of an amino- and imino-group, and deprives it of the 
power of forming a hydrochloride, in which character alone it is 
stable. 

it is a characteristic diagnostic property of mercaptans, real and 
potential, that with mercuric nitrite and chloride they yield the 
mercaptide nitrite and chloro-mereaptide respectively. Thioacetic 
acid, although an acid, contains the group SH and behaves like a 
typical mercaptan, thus: 

ch 3 -co-sh cir s *C0‘SHgCJ. 

As soon as this compound is formed, it acts, on a molecule of 
water, and the scission takes place as shown by the dotted line, a 

CHL-CO—SHgCl 
H j 
OE j 

CH 3 *CO-hSHgCl 

molecule of acetaldehyde and acetic acid being formed. 

Ammonium dithiocarbamate assumes the taxi torn eric form, 
SH*C(:NH)*SNH 4 , and both the radicles SH and SNH 4 with 
mercuric chloride yield SHgCl, which separates out. 

Allylthiocarbimide, C 3 H 5 *NCS, combines with the elements of 
mercuric chloride, and the compound, C a H 5 *N!IC’SCbHgCl, is 
temporarily formed, the sulphur atom becoming quadrivalent. As 
this configuration is unstable, a rupture takes place along the line 
of least resistance, the radicle, ISCbHgCl, decomposes into the 
stable radicle, SHgCl, and chlorine, whilst the organic portion of 
the complex, R*N‘.CI, with a molecule of water yields a primary 
amine and carbon monoxide. 

Experimental. 

Method of Preparation .—The thio-eompound in aqueous or 
alcoholic solution, as the case might be, was added in a thin stream 
by means of a pipette to an aqueous solution of mercuric chloride 
with vigorous stirring, care being taken that the latter ingredient 
was always in large excess. 

A granular, •white precipitate was obtained, which was washed 
first with water and then with alcohol, and finally dried in a 
vacuum over sulphuric acid. A special precaution is necessary in 
the case of allylthiocarbimide. If an alcoholic solution of it is 
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added to an aqueous solution of mercuric chloride, the white pre¬ 
cipitate is obtained, but, at the same time, heavy, oil}?' globules 
begin, to settle down at the bottom, and it is not always easy to 
separate them from the sulphoxychloride. It is best to add the 
dilute alcoholic solution of the allylthiocarbimide to an alcoholic 
solution of mercuric chloride. The mixture remains clear, but on 
copious dilution with water and stirring, the white precipitate 
begins to appear. The mixture is allowed to remain overnight, and 
the product collected and treated as before. 

The interaction of each of the above-mentioned thio-compounds 
and mercuric chloride was repeated several times, and the composi¬ 
tion throughout was found to be identical. It is therefore not 
necessary to give the analysis of each preparation; that of one or 
two typical ones are given below. 

A ction of Mercuric Chloride on DiacctyUhiocarbamide. 

Diacetylthiocarbamide (Kohmann, J. Amer. Chem. Soc., 1915, 
37, 2130) was dissolved in water and added drop by drop to a 
solution of mercuric chloride from a pipette with constant stirring. 
A white, amorphous precipitate was formed which, on remaining 
for twenty-four hours, became granular. It was collected, washed 
with water, and dried: 

0*3276 gave 0*2591 Hg and 0*1354 AgCl. Hg=79T; Cl = 10*2. 

0*2419 „ 0*1048 AgCl and 0*1647 BaS0 4 . Cl=10*7; S = 9*4, 

[3(SHgCl),HgO] 2 requires Hg —78*7; 01 — 10*5; S = 9*4 per cent. 

The absence of carbon and hydrogen was confirmed by repeated 
combustion. 

Action of Mercuric ^Chloride on s -Diphenylthio carbamide. 

The hot alcoholic solution of s-diphenylthiocarbamide was added 
to a. solution of mercuric chloride, and the mixture was heated 
on a boiling-water bath under reflux for several hours. The white 
precipitate was collected, washed with hot alcohol and finally 
with water, and dried: 

0*2591 gave 0*1097 AgCl and 0*1698 BaS0 4 . Cl = 10*47; S = 9*0. 

0*3684 „ 0*2902 Hg. Hg = 78*8. 

Mercuric Chloride and Thioacetic Ariel. 

'Remit of analysis : 

0*2587 gave 0*2370 HgS. Hg=79*0. 

0*1465 „ 0*0625 HgCl and 0*1070 BaS0 4 . Cl= 10*55; 

S = 10*O. 
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Mercuric Chloride and Allylthiocarbimide. 

Remit of analysis: 

0-3402 gave 0-2631 Hg. Hg= 77-34. 

0*2795 „ 0*1285 AgCl and 0*1818 BaS0 4 . Cl = ll*4; S = 8*9. 

The absence of carbon was shown by combustion analysis. 

Chemical Laboratory, 

College or Science, 

University oe Calcutta. [ Received , October 15 th , 1918.] 


XLI1I ,—The Preparation of Cadmium Suboxide. 

By Henry George Denham. 

Various suboxides of cadmium have long ago been described 
(Tanatar, Zeitsch. anorg. Client., 1901, 27, 433; Morse and Jones, 
Amer. Ghem. J. } 1890, 12, 488, etc.), although other investigators 
have thrown doubt on the existence of these suboxides. The 
following experiments describe the efforts'made to prepare a sub¬ 
oxide of cadmium in as pure a state as has been the case with lead 
suboxide. 


Decomposition of Cadmium Oxalate . 

The first method attempted was that described by Tanatar (loc. 
cit.), namely, the decomposition of the oxalate in a stream of 
carbon dioxide. A sample of cadmium oxalate (Cd = 56*02 per 
cent.) was heated at 30.0° in a rapid stream of carbon dioxide freed 
from traces of oxygen by passage through heated copper, At the 
end of forty-eight hours the evolution of gas ceased, and examina¬ 
tion revealed a small quantity of a green material, unmistakably 
containing globules of cadmium, whilst the leading tubes were 
lined with a deposit of the volatilised metal. This experiment, 
many times repeated, always gave the same result. 

Precisely similar results were obtained when the carbon dioxide 
was not employed, the evolved gases being removed by means of 
a Sprengel pump. Even when the total pressure of these gases 
did not exceed 1 mm., the same green, heterogeneous substance was 
produced. Analysis of this material always gave values closely 
approximating to Cd = 96*5 per cent. (Tanatar’s Cd 4 0 contains 
Cd = 96*56 per cent.). 
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Tanatar and Levin (loc. cit.) also describe bow the oxide., Cd a O, 
was obtained by the decomposition of a basic oxalate under similar 
conditions. A repetition of their experiment always gave a 
heterogeneous grey mass containing free cadmium. 

An attempt was then made to remove by distillation the excess 
of metal present in the decomposition product of the oxalate. 
The mixture was heated to 350° without undergoing any change 
in appearance. The pump was then put into requisition, and in 
ten hours a large deposit of cadmium, had volatilised out of the 
oven, whilst the residue was a homogeneous green mass, in which 
the microscope was no longer able to detect free metal. The 
following analytical results were obtained: 


Oxalate. 

Green substance. 

CdS0 4 . 

Cd. 

Grams. 

Gram. 

Gram. 

per cent. 

, 2*0 

0*0362 

0*0628 

93-5 

2*6 

0-0592 

0-1025 

93-4 

2-0 

0*0809 

0-1401 

93-4 


Cd.,0 requires Cd —93*36 per cent. 


The method therefore appears to give a green oxide, but owing 
to the strong reducing action of the evolved carbon monoxide and 
the difficulty of distilling out the free metal, the method is not 
satisfactory. 


Reduction by Hydrogen. 

An attempt was made to prepare the. suboxide by reducing the 
brown oxide with hydrogen (see Glaser, Zeitsch. anorg. Chem. t 
1903, 36, 1). At 240°, after twenty hours’ reduction, the 
yellowish-green product appeared to be uniform, but the micro¬ 
scope clearly revealed globules of free metal. Reduction under 
varying conditions of temperature and pressure always led to this 
result. The excess of metal was afterwards removed by distilla¬ 
tion, and a uniform, yellowish-green product obtained, in which 
the microscope revealed no sign of free metal. Analysis, how¬ 
ever, showed that this substance was pure cadmium oxide (CdO), 
the colour change being either superficial or due to a different 
molecular aggregation. 

Reduction by Carbon Monoxide. 

It has been shown by Brislee (T., 1908, 93, 162) that the time- 
reduction curve of cadmium oxide at 300°, with carbon monoxide 
as the reducing agent, shows a distinct break at a point which 
'.corresponds with. the '''compound'■ Cd 2 0. ''■ Although 'it appeared-. 
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difficult to stop the reduction at the precise moment when the 
whole of the higher oxide had been reduced to the suboxide and 
none of the fatter to the metal, it seemed feasible to carry through 
the reduction in such a way that the higher oxide was reduced to 
a mixture of the suboxide and metal, and this metal could then 
be removed by volatilisation. 

An analysis of Brislee’s time—reduction curve for 300° shows 
that the break occurs when the reduction has progressed for about 
twelve hours. An experiment was therefore carried out in which 
carbon, monoxide was circulated for fourteen hours at 300° through 
two bulbs, each containing about 0*6 gram of cadmium oxide. One 
bulb was then sealed off, and the other heated in a vacuum for 
eighteen hours. The material in the first bulb was yellowish-green, 
containing visible globules of cadmium, whilst the second bulb 
gave a perfectly uniform, yellowish-green substance. Bulb I, con¬ 
tained Cd = 90-4 and bulb II Cd = 87'5, whilst CdO requires 
Cd = 87-57 per cent. This experiment was repeatedly carried out 
at various temperatures between 300° and 310°, and in all cases 
the bulb sealed off before exhaustion contained a considerably 
higher percentage of cadmium than does CdO, approximating often 
to that of Cd 2 0, but a moderately good pocket lens was sufficient 
in every case to show that the reduction product was hetero¬ 
geneous and contained cadmium. Similarly, the bulb from which 
the excess of cadmium had been volatilised at the temperature of 
the experiment always, gave a uniform, yellowish-green product 
exactly similar to that obtained when hydrogen was the reducing 
agent, and the composition of this was undoubtedly that of CdO. 
As a means of preparation of cadmium suboxide, this method 
therefore fails. 

Morse and Jones's Method. 

Morse and Jones Qoc. cit.) have described how anhydrous 
cadmium chloride, when fused with cadmium,, gives a product 
’ having the composition Cd 4 0l 7 . This they consider to be possibly 
A mixture of 3CdCl 2 + CdCl. On treatment with water, the pro¬ 
duct gave cadmous hydroxide, from which yellow cadmous oxide, 
Cd 2 0, was readily obtained by dehydration. The author has 
repeated this work, and succeeded in reproducing the results 
described by Morse and Jones, but in spite of close attention to 
the details given in the original publication, he has never 
:' : 'eacc©eded : an converting;more than 5 per cent, of the original 
chloride into suboxide, so that, as a practical method of preparing 
the suboxide in quantity, the method'is/.mobealisfaciory.": 
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In conclusion, it may b© stated that the suboxide of cadmium 
may b© obtained in small quantity by the method described by 
Morse and, Jones, as well as by the decomposition of cadmium 
oxalate. The latter method, however, is only of use when the 
excess of metal, always formed during the decomposition, is dis¬ 
tilled off in a vacuum, but the amount of residual cadmium sub- 
oxide is never more than 4 per cent, by weight of the original 
oxalate. 

The author desires to place on record his appreciation of the 
facilities placed at his disposal by the Walter and Eliza Hall Trust 
for the prosecution of this research. 

The Department op Chemistry, 

University op Queensland, 

Brisbane. [ Received , November 7 th , 1918.] 


XLIV .—Formation of Diphenyl by the Action of 
Cupric Salts on Organometallic Compounds of 
Magnesium. 

By Jacob Krizewsky and Eustace Ebenezer Turner. 

A few years ago, it was shown (Bennett and Turner, T., 1914, 
105, 1057) that chromic chloride reacted quantitatively with 
magnesium phenyl bromide in the sense of the equation 
2CrCl 8 + 2PhMgBr * 2CrCL + SOl.MgBr + Ph-Ph, 
and the reaction was found to be a general one. 

It has now been found that anhydrous cupric chloride behaves 
similarly to chromic chloride. Thus, when anhydrous cupric 
chloride is added to an ethereal solution of magnesium phenyl 
bromide, the following reaction occurs: 

2CuC 1 2 4~ 2PhMgBr= Cu a Cl 2 + 2ClMgBr + Ph*Ph, 
diphenyl being formed in almost the theoretical quantity. 
Furthermore, the preparation may be simplified, an equally good 
result being obtained by mixing, at the outset, magnesium turn¬ 
ings, ether, bromohenzene, and cupric chloride in the requisite 
proportions. 

Th© anhydrous cupric chloride used was either the commercial 
preparation or that obtained by dehydrating the hydrated sail 
at 100°. 
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Anhydrous cupric sulphate reacts slowly with magnesium phenyl 
iodide, cupric iodide apparently being formed as an intermediate 
compound. It is hoped that this will ultimately lead to the pre¬ 
paration of cupric iodide. The reactions summed up by the 
equation 

2CuS 0 4 + 2PhMgI = Cu 2 I 2 + 2MgS0 4 + Ph-Ph, 
however, only proceed with difficulty, partly owing, no doubt, to 
the very sparing solubility of the anhydrous salt in ether. 

In the presence of iodobenzene, a steady reaction occurs, prob¬ 
ably according to the equations 

PhMgT + Phi + CuS0 4 = MgS0 4 + Cul 2 + Ph*Ph, 

2CuI 2 + 2PhMgI = Cu 2 I 2 + 2MgI a +Ph*Pli. 

Thus when anhydrous cupric sulphate (1 mol.) is added to an 
ethereal solution of magnesium (2 atoms) and iodobenzene 
(3 mols.), a 65—70 per cent, yield of diphenyl is obtained. 

Comparative experiments showed that the diphenyl produced 
was due neither to initial interaction of the magnesium and iodo¬ 
benzene, 

2PhI + Mg,=Mgl 2 + Ph-Ph, 

nor to interaction between magnesium phenyl iodide and ioclo- 
benzene, 

PhMgl + Phi = Mgl s + Ph-Ph. 

The reactivity of cupric sulphate with magnesium phenyl iodide 
seems to depend on the instability of the cupric iodide formed. 
Magnesium phenyl bromide does not react with cupric sulphate 
under similar conditions. 


EX PEE I MENTAL. 

Action of Anhydrous Cupric Chloride on Magnesium . Phenyl' 
a Bromide . 

Magnesium turnings (4*9 grams) were covered with 150 e.c. of 
pure ether, 28 grams of anhydrous cupric chloride and then 
32 grains of bromobenzene were added, and the mixture was well 
shaken. A vigorous reaction set in, and was controlled, when 
necessary, by shaking and external cooling. When the initial reac¬ 
tion had subsided, the mixture was heated under reflux in warm 
vvater for two hours, cooled, decomposed with ice and water, and 
treated with excess of concentrated hydrochloric acid in order to 
redissolve the precipitated cuprous chloride. The ethereal layer 
was separated, and the aqueous layer extracted repeatedly with 
ether. The united ethereal extracts were shaken with water to 
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precipitate the cuprous chloride remaining dissolved in the acidic 
ethereal solution, dried, and the solvent evaporated. Thirteen 
grains (that is, about 85 per cent, of the theoretical) of pure 
diphenyl were obtained. 

Using 100 c.c., and 55 c.c. of ether instead of the 150 c.c. used 
above, yields of 65 and 50 per cent., respectively, were obtained. 
An increase in the volume of ether to 200 c.c. was not found to 
be advantageous. 

Interaction of Iodobenzene and Magnesium Phenyl Iodide. 

Magnesium (4*9 grams), iodobenzene (41 grams), and ether 
(200 c.c.) were converted into the Grignard reagent, which was 
treated with 41 grams of iodobenzene, and the mixture heated 
under reflux for several hours. The product, on decomposition, 
gave 2*5 grams of diphenyl, half the iodobenzene used being 
recovered unchanged. 

Interaction of Anhydrous Cupric Sulphate and Magnesium 
Phenyl Iodide. 

Anhydrous cupric sulphate (32 grams) was added to the Grignard 
reagent, prepared from 41 grams of iodobenzene, 4-9 grams of 
magnesium, and 200 c.c. of ether, the mixture boiled for six hours 
under reflux, and then left overnight-. On working up the pro¬ 
duct, 6 grams of diphenyl were obtained, corresponding with a 
39 per cent, yield on the iodobenzene used. 

Interaction of Cupric Sulphate (1 mol.), Magnesium (2 atoms), 
and Iodobenzene (3 mols.) in Ethereal Solution. 

Magnesium turnings (4*9 grams) were dissolved In 200 c.c, of 
pure ether in the presence of 62 grams of iodobenzene, and to the 
clear solution 16 grams of anhydrous cupric sulphate were added. 
The mixture was then boiled for three hours under reflux, cooled, 
decomposed with ice, and the solution obtained after acidifying 
extracted with ether, and so on. Sixteen grams of pure diphenyl 
were isolated, corresponding with a 66 per cent, yield on the iodo- 
benzene used. • 

The University Chemioab Laboratories, 

Cambridge. [ Received , April 24 th , 1919.] 
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OBITUARY NOTICE. 

EDWARD FRANK HARRISON. 

Born July, 1869; Died November 4th, 1917. 

Edward Frank Harrison was educated at the United West¬ 
minster Schools, and in 1884 was apprenticed to a pharmaceutical 
chemist in North London. In 1890 he gained the Bell scholar¬ 
ship of the Pharmaceutical Society, and proceeded to its school in 
Bloomsbury Square. There he was awarded medals and certifi¬ 
cates in chemistry, botany, and materia medica, and after passing 
the minor and major examinations he occupied several positions 
on the staff, and carried out research on the alkaloids of aconite. 
While acting afterwards for five years with the firm of Messrs. 
Brady and Martin at Newcastle, he successfully used his leisure 
to prepare for the B.Sc. degree of London University. The next 
six years were spent as head of the analytical department of 
Messrs. Burroughs Wellcome and Co. In 1905 he went into 
partnership in a school of pharmacy, hut finally took up the in¬ 
dependent practice of consulting and analytical chemistry. He 
was an eminent specialist in the analysis of drugs and medicinal 
substances, and as analyst to the British Medical Association made 
nearly all the analyses of proprietary articles which were revealed 
in the two publications “ Secret Remedies” and “ More. Secret 
Remedies.” . 

In the Parliamentary inquiry which followed these disclosures, 
Harrison was a most important witness and made a deep impression 
on the Select Committee. The full value of this work to public 
health and public economy has yet to he realised, 

Col. Harrison was a Fellow of the Institute of Chemistry, and 
published a number of papers on his special province of the science. 
His process for estimating the diastatic strength of malts is now 
in general use. He was active both as a student and a past student 
in the life of the Pharmaceutical Society's School, in which be 
was most highly regarded, and to which as his alma mater he was 
loyally devoted. He was a member of the board of examiners, 
and in 1917 he delivered a thoughtful and valuable* address at 
the inauguration of the session. For three years he conducted the 
practical chemistry competitions maintained in the weekly 



OBITUARY NOTICE. 


563 


FitaniMccit-Ucal Journal. H is professional life was, indeed, in the 
highest degree strenuous. 

As soon as the War broke out Harrison was impatient to 
join the forces. After being refused several times on the ground 
of age, he became a special constable and a volunteer in the Inns 
of Court Reserve Corps. Later he succeeded in entering as a 
private in the Sportsmen’s Battalion ,of the Royal Fusiliers. It 
was by ail accident that he came, under the notice of the first- 
head of the anti-gas service at home, Col. Sir W. H. Horrocks, 
R.A.M.C., who with some difficulty succeeded in securing his 
services. He was given the rank of lieutenant on the general list 
in July, 1915, and from that time devoted himself to the anti-gas 
service. It was only in the last year that his duties extended 
over both branches of the gas service. 

He was promoted major in April, 1916; lieut.-col. in January, 
1917. He was appointed Assistant Controller of Chemical War¬ 
fare in November, 1917; shortly before his death, his succession 
to Major-General Thuillier as Controller of Chemical Warfare had 
been settle^., and in a few days he would have attained the rank 
of brigadier-general. 

Harrison’s work for the war may be considered as falling into 
two periods. In the first period, extending from the spring of 
1915 until November of 1916, he was engaged in research work 
in the anti-gas laboratories at the Royal Army Medical College, 
Millbank, the chief subjects being the improvement of the anti- 
gas helmet, the devising of, first, the large, and then the small 
box respirator. 

In the early part of this period Harrison was constantly in the 
laboratory, working late into the night. He realised from, the 
first the critical importance of speed and the possession of the 
initiative, and up to the last he never relaxed the pace. It is not 
easy to give an idea of the range of problems, their variety and 
complexity, that had to be overcome in bringing to a state 
of service efficiency such simple-looking appliances as the helmet 
and box respirator. The mechanical, chemical, physiological, and, 
one may add, even psychological questions raised were innumer¬ 
able. Many heads and hands contributed to achieve the success 
that ensued. The apportionment of credit does not arise here, 
but there can be little doubt that all concerned would agree in 
giving Harrison a foremost place. With his scientific knowledge 
were united a strong practical instinct and intuitive judgment, 
which enabled him to seize quickly the essence of a problem and 
the substance of a suggestion, and to preserve a splendid sense of 
proportion. Tie improved the formula for the impregnating fluid 
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of the helmet, and worked out laboratory tests for controlling its 
component materials and fortesting its efficiency. He made numerous 
experiments, in which he fearlessly wore the helmet in gases for 
which suitable quantitative control tests had not then been 
devised. During the late summer and autumn of 1915, he was 
occupied chiefly in getting out the large box respirator. As is 
generally known, this appliance was based on the admirable sug¬ 
gestion by Bertram Lambert, of Oxford, of a filter of perman- 
ganate-soda-lime granules. The realisation of this plan in the 
form of a box which in itself and its contents should be service¬ 
able under field conditions was a most difficult undertaking. By 
the end of the year it was completed, and an issue was made early 
in 1916. The production in large quantities at a time when a 
high grade of protection was becoming indispensable for troops in 
special situations was a great achievement, and the large box was 
in its chief essentials the prototype of the small box which not 
long after became and remained the standard protection for troops 
of all arms. For the design of the small box, the members of the 
Gas Service in France were able to make valuable suggestions 
based on field experience with the large box. Harrison also made 
many contributions based on his own practical trials. 

During the second period of his work, Harrison was closely 
associated with Col; Sir W. H. Horrocks in the rapid organisation 
and development of factories for the manufacture of respirators. 
Though this withdrew him for the greater part of his time from 
the laboratory, he remained in close touch with it, and at the 
weekly meeting of senior officers his genius for improvisation, his 
sound chemical judgment, and his foresight as to profitable lines 
of work were constantly evident. It was at this period that the 
manufacture of a new type of granule and of absorptive charcoal 
was worked out in the laboratories and transferred under the 
direction of selected officers to manufacturing establishments. In 
the choice of officers, Harrison’s Judgment rarely led him astray, 
and his knack of getting the right men into the right place con¬ 
tributed largely to the success of all his work. The great success 
of the small box respirator and its remarkable freedom from 
faults were due in no small measure to the organisation of inspect¬ 
ing officers, on which Harrison laid great stress. Harrisop was 
held in high esteem by the officers of the Gas Services of our 
French, Italian, and American Allies. He was received with great 
cordiality at their councils, and his opinion was eagerly sought. 
It may be remarked, as affording a tribute to the excellence of the 
British respirator, that the Italians were supplied with several 
millions, and that the Americans, besides taking large numbers, 
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paid us the compliment of copying it as soon as the home manu¬ 
facture could be arranged. The French considered that the pro¬ 
tection it gave was even unnecessarily high. 

In the last year of his life Harrison was called on to participate 
in the offensive side of gas warfare, and to exercise Ms great 
organising talent in what had become a very imposing and difficult 
undertaking. He had now reached the position to which his 
talents and labours so justly entitled him, but before he could 
actually officiate as Director of Chemical Warfare, the haunting 
fear of his friends was realised, and he was prostrated by influenza. 
His bodily strength, sapped by unceasing labour, was unequal to 
the strain, pneumonia supervened, and he passed away, as certainly 
as anyone on the battlefield, a sacrifice of the war. His elder son 
had fallen in France in 1916. 

It is not easy to do justice to Harrison’s personal qualities. He 
was a man of the strongest character. The love of his country, 
its ideals of freedom, its democratic institutions, and his belief in 
the destiny of the British as leaders among free peoples were the 
inspiration of his life and work. He had no thought for himself 
when the lives of others were at stake. The inflexible sense of 
duty which animated him communicated itself to those who worked 
with Mm, and he gained in a remarkable degree their respect and 
affection. He faced all emergencies with imperturbability, was 
never daunted or discouraged, and preserved a clear head and a 
power of decision even when worn out with incessant labour. He 
was neither dogmatic nor impatient, but always ready to improve 
on himself, listening with patience and courtesy to all honest 
criticism or advice. He was a master organiser, and the War 
brought him his opportunity. He died acknowledged and revered 
as a leader of men, his great task accomplished. He was buried 
with full military honours, mourned by a multitude of fellow- 
labourers who had learned something of his worth. 

Harrison died before he had received the public honours that 
would undoubtedly have been conferred on him. He had been 
made C.M.G. in 191.7, and the French had shown their apprecia¬ 
tion of his services by making him Officer of the Legion of Honour. 
It is gratifying to know that a memorial to perpetuate Ms name 
is to be associated with the Chemical Society. What the nation 
owes him for the saving of life and the mitigation of suffering can 
scarcely he overestimated. 


A. S. 
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XLY.— Studies on the Dependence of Optical Rotatory 
Power on Chemical Constitution . Part L 

Position— Isomerism and Optical Activity of 
Naphthyliminocomphors and Derivatives of Phenyl- 
iminocamphor . 

By Bawa Kartar Singh and Jatindra Kumar Mazumder. 

The relation between chemical constitution and rotatory power 
which is investigated in the present paper is that of position- 
isomerism in the aromatic groups present in optically active 
derivatives of phenyliminocamphor. 

Frankland in 1896 (T., 69, 1583) suggested a theory to explain 
the changes in rotatory power produced by nuclear substitution 
in the ortho-, meta-, and para-position in a side-chain containing 
an active group. 

Taking the analogy of a weight acting at the end of a lever 
arm, he suggested, for reasons based oil the relative position of 
the centre of gravity of the unsubstituted aromatic nucleus on the 
one hand, and those of the isomeric disubstituted derivatives on 
the other, that the order of rotatory power should be: 

Ortho < unsubstituted nucleus < meta < para. 

The line of argument adopted was as follows: 

The centre of gravity of the unsubstituted nucleus being at the 
centre of a regular hexagon, that- in the ortho-substituted deriv¬ 
ative would be somewhat nearer, in the meta-derivative somewhat 
further, and in the para-derivative still further than that geo¬ 
metrical centre from the side-chain containing the optically active 
group.; 

If, then, the optical activity is determined by the moment of 
the mass of the group, the rotatory power of the para-compound 
should, be the greatest, that of the ortho-compound the least, and 
that of the meta-derivative intermediate between those of the other 
two. In the case of the unsubstituted nucleus, the mass is 
smaller, but it acts through a longer arm than in the case of the 
larger mass of the ortho-compound, but through a shorter arm 
than in either the meta- or the para-compound. 

In his Presidential Address to the Chemical Society (T., 1912, 
101, 654), Frankland revived this theory, and illustrated its 
validity by several observations of Cohen and his collaborators. 
A number of other obseryations (Cohen, T., 1903, 83, 1214$ 
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T., 1904, 85. 1271. ; T., 1905, 87, 1190; T., 1911, 99, 1058), how¬ 
ever, do not support the rule. 

The aim of the present work is to afford evidence in support or 
in refutation of Frankland's rule from observations mad© in 
several series of new compounds. If the theory were correct, that 
is, if the rotatory power were determined by the position of the 
centre of gravity of the nucleus in relation to the active group, we 
should expect : (1) that the greater the mass of the substituting 
group or element, the greater would be the observed differences 
between the constants of the para- and ortho-isomerides, and (2) 
that the para-isomeride would have the maximum rotation. 

The molecular rotatory powers of derivatives of phenylimino- 
eamphor are tabulated below. 


Table I. 


Derivatives of ^- 

phenyliminoeamphor. -CH 3 ( 15) 
Ortho- +1183° 

Meta- 1665 

Para- 2177 


[M]„ 

in chloroform solution. 


—Br(80) —Cl(35-5) -0*CH 3 (31) 

+ 1382° +441-7° +612° 

1338 1338 — 

1695 1768 ( a ) 3314 (a) 


The value of [M] D of phenyliminoeamphor is 1750° (Forster and 
Thornley, T., 1909, 95. 944). 


Derivatives of 
phenylimino- 
camphor. 
Ortho- 
Meta- 
Para- 


Table II. 

[M]„ in methyl alcohol. 

~CH 3 (15) —Br(80) -01(35-5) 

+ 1030° +1311° + 486-4° 

1504 1260 1261 

2001 1545 — 


The value of FMl n for phenyliminoeamphor in methyl alcohol 
solution is 1462°. 

The mean temperature of observations recorded in tables I and 
II was 26° to 32°. 

It will now be seen that in no case is Frankland’s rule borne 
out by the results recorded in tables I and H. In the case of the 
tolyl and chlorpphenyl derivatives, the value of the rotatory power 
for the unsubstituted compound (namely, phenyliminoeamphor) 
lies between that for the meta« and para-derivative, and is there¬ 
fore in opposition to Frankland’s rule. The order of rotatory 
powers in the case of the hr,omophenyl derivatives in chloroform 
is meta -< ortho < para •< unsubstituted compound, and. here 
deviation from Frankland’s rule is seen to be most marked. 

z 2 
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Although the mass of the group (CEL) in the case of the tolyl 
compounds is less than that in the case of the bromophenyl deriv¬ 
atives (Br), the observed difference in the values of the rotatory 
powers of the ortho- and para-isomerides is more than three times 
as high in the former as in the case of the latter. This result is 
again contrary to what we should expect if Frank! and’s rule were 
valid. 

The para-is.omeride has in all the above cases, except in the case 
of the bromophenyl derivative, the maximum rotation, and this is 
in accordance with the deduction made from Franldand’s rule. 

It is thus clear that the results recorded in the present paper do 
not generally support Frankland 5 s rule. Only in one direction, 
can we say that Frankland’s theory lias been supported, namely, 
that the ortho-compound has the least and the para-derivative the 
maximum rotation (except in one instance). 

Cohen, as the result of his observations (T., 1910, 97, 1737; 
1911, 99, 1060), lays down the following rule: The rotatory effect 
of the ortho-grouping differs more from that of the phenyl than 
do those of mefca- and para-groupings. A glance at tables I and 
IX will show that this rule is also not supported. In the case of 
the bromophenyl derivatives, it is the meta, and in the case of the 
methoxyphenyl derivatives it is the para, and not the ortho, which 
differs more in rotation from the value of the unsubstituted 
compound. 

Further, no simple connexion can be observed between the nature 
of the substituting element or group in an optically active com¬ 
pound and its rotatory power. In the case of ortho-compounds 
(table I), it is seen that the order of elements or groups with 
increasing rotation is Cl -< 0*CH s <C CH S <C Br < H, in the case 
of meta-compounds Cl=Br-<CH 3 <; H, and in the case of para- 
compounds Br < H < Cl < CHo < 0*CH a . 

Experimental. 
o -TolyMminocampwr, C S H U <^^ 

Camphorquinone and o-toluidine in molecular proportion were 
heated with anhydrous sodium sulphate for several hours on the 
water-bath. On cooling, water was added, when a solid substance 
was precipitated, which crystallised from 50 per cent, alcohol in 
yellow prisms melting at 120—121°. 

It is very readily soluble in chloroform, ether, benzene, or 
acetone, less so in methyl or ethyl alcohol, and insoluble; in water: 
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0*2074 gave 10*6 c.c. N 2 at 30° and 759*5 mm. 17 = 5*78. 

C 17 H 21 ON requires 1ST = 5*49 per cent. 

Tli© following determinations of rotatory power were Made by 
dissolving the given weight of substance in 19*9 c.c. of the solvent, 
and the first observation was made within half an hour of making 
up the solution. This applies to all the observations, unless the 
contrary is stated. The length of the tnbe was 2-dcm. 

Substance. Tem- Time 


Solvent. Gram, perature. hours. a„. [ct],,. 

Chloroform .. 0*1470 32° — +6*85° -f464*1° +1183° 

„ . „ „ 19 6*86 464*4 1184 

Methyl alcohol...... 0*1519 34 — 6*16 403*6 1030 

„ „ 21 6*08 398*4 1010 


m- To lyli rnino camph or . 

Molecular proportions of camphorquinone and m-toluidine, mixed 
with a little fused sodium sulphate, were heated on the water-bath 
for five hours. The product was cooled and dissolved in a small 
quantity of alcohol; water was added, when an oil separated which 
solidified on keeping. The substance was crystallised from dilute 
(50 per cent.) alcohol in yellow prisms melting at 85—-86°. 

It is very readily soluble in methyl or ethyl alcohol, chloroform, 
ether, or acetic acid, and insoluble in water: 

0*1425 gave 7*6 c.c. N 2 at 31° and 760 mm. N = 5‘9. 

0 J7 H 21 0N requires N=5*49 per cent. 

The rotatory power determinations gave the following values: 



Substance. 

Tem- 

Time in 




Solvent. 

Gram. 

perature. hours. 

a„. 

.[«]*>* 

[M]„. 

Chloroform ... 

0*0649 

31° — 

+ 4*26° 

+ 653*0° 

+ 1665' 



29*5 

20 

4-31 

660*7 

1684 

Methyl alcohol 

0*0915 

17—18 — 

6-04 

656*7 

1675 

0-0903 

31*0 — 

5*35 

589*7 

1504 


29*5 

m 

5*35 

589*7 

' 1504 


p-Toh/liminocawkphor. 

An alcoholic solution of camph or quin on e was mixed with a 
similar solution of ^-toluidine (in molecular proportion), a little 
anhydrous sodium sulphate added, and the solution was heated on 
the water-bath under reflux for three hours. After evaporating 
off the alcohol, the residue was poured into water, when a yellow 
substance separated, which crystallised from dilute alcohol (50 per 
cent.) in yellow prisms melting at 121—122°. It is very readily 
soluble in chloroform, acetone, ether, or benzene, less so in methyl 
or ethyl alcohol, and insoluble in water : 
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0*2118 gave 10*6 c.c. N 2 at 29° and 764 mm. N = 5*7L 
C 17 H 21 ON requires N = 5*49 per cent. 

The rotatory power determinations gave the following values: 


Solvent. 

Substance, 

Gram. 

Tem¬ 

perature. 

Time in 
hours. 

a,.. 

Md. 


Chloroform ...... 

.. 0-1691 

28-0° 

— 

+ 14-51° 

+ 853-9° 

+ 2177° 
2001 

Methyl alcohol... 

0-1583 

29-0 

— 

12-48 

784-5 

•• 

29-0 

48 

11-95 

694-5 

1771 



30-5 

76 

10-2 

641-1 

1634-8 

,, ... 

*■ 5? 

29-5 

142 

8-79 

552-0 

1409 



30-5 

166 

8-26 

519-2 

1324 

„ 


30-0 

219 

7-55 

474-5 

1210 


The substance when recovered from, the polarimeter tube by 
evaporation to dryness on the water-bath melts at about 110°. 


o-Bromophenyliminocamphor , C 8 H 14 <^b ^ 6 4 . 

Camphorquinone was added to the calculated quantity of 
o-hromoaniline and a little anhydrous sodium sulphate, the mix¬ 
ture being heated on the water-bath for five hours, cooled, and 
then dissolved in alcohol. The alcoholic solution on dilution with 
water furnished an oil, which became solid on keeping for two or 
three days, and crystallised from dilute alcohol (50 per cent.) in 
yellow needles melting at 110°. 

It is very readily soluble in methyl or ethyl alcohol, chloroform, 
ether, or acetic acid, and insoluble in water : 

0 1109 gave 4*6 c.c. N 2 at 33° and 761 mm. N=4-65. 

G I6 H 18 ONBr requires N — 4’4 per cent, V 

The rotatory power determinations gave the following values : 


Substance. Tem- Time in 


Solvent. Gram, perature. hours. f[M] n . 

Chloroform..... 0-0380 32-0° — + 1-65° +432-1° +1382° 

„ . „ 31-0 144 1-64 429-4 1374 

Methyl alcohol...... 0-0362 31*0 — 1*49 409-6 1311 

31-5 204 1-19 327-2 1047 


m-Bromojthenylimmocamplior. 

Camphorquinone and m-bromoaniline were heated together in 
the presence of a little anhydrous sodium sulphate on the water- 
bath for four hours. On cooling, the product was dissolved in 
alcohol and precipitated by the addition of water. It crystallised 
from dilute alcohol (50 per cent.) in yellow prisms melting at 
116—118°, which were very readily soluble in methyl or ethyl 
alcohol, chloroform, ether, or acetic acid, and insoluble in water: 
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0-1085 gave 0'0638 AgBr. Br = 25*0. 

C 16 H J8 ONBr requires Br — 25-0 per cent. 

The rotatory power determinations gave the following values: 

Substance. Tem- Time in 


Solvent. 

Gram. 

perature. 

hours. 

a D . 

Mu- 

[Mj„. 

Chloroform . 

0*1392 

31° 

— 

4-5*85° 

4-418*3° 

4-1338° 

Methyl alcohol..... 


31 

n 

5*81 

415*5 

1329 

0*1461 

*31 

5*78 

393*9 

1260 

„ ..... 


31 

5 

5*52 

376*2 

1204 

»> . 


31 

22 

4*94 

336*7 

1077 


The substance when recovered from methyl-alcoholic solution 
after the last observation by evaporating to dryness on the water- 
bath melted at 113—114°. A mixture with the original substance 
melted at 116—118°. It is therefore obvious that the substance 
undergoes mutarotation in methyl-alcoholic solution, and not in 
chloroform solution. 


p-A rom oph e nylim in o camph or. 

Camphorquinone and ^-bromoaniline were mixed together in 
equal quantities. The reaction began at the ordinary temperature, 
as the mixture became liquid within a short time, After heating 
for four hours on the water-bath, the reaction was complete. On 
cooling, the product solidified, and crystallised from dilute alcohol 
(50 per cent.) in yellow needles melting at 138—139°. The sub¬ 
stance is very readily soluble in methyl or ethyl alcohol, chloro¬ 
form, ether, or acetic acid, and insoluble in water: 

0*0750 gave 3*2 c.c, N>> at 35 0, and 759 mm. N=4*74. 

C )( 5 Hj 8 ONBr requires N —4*4 per cent. 

The rotatory power determinations gave the following values: 

Substance. Tem- Time in 


Solvent. Gram, peratnre. hours. a„. [a]„. [M]„. 

Chloroform . 0*1217 31° — +6*48° -f 529*9° 4-1695° 

„ .. 30 20 6-53 534*0 1709 

Methyl alcohol... 0*1193 31 — 3-79 483*0 1545 

„ ... „ 30 22 * 4*31 359*5 1150 

„ ... „ 30 46 3*36 280*2 896*6 


The substance when recovered from methyl-alcoholic solution 
after the last observation, by evaporation to dryness, melted at 
112—118°, a mixture with the original substance melting at 
115—122°. It is clear that the substance exhibits mutarotation 
in methyl alcohol, but ppt in chloroform. 
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o ~Chlorophmyliminocamphor, G S H, 4 <^ 


c:n-c 0 h 4 oi 

CO 


Camphorquinone and o-chloro aniline were condensed with the 
aid of a little sodium sulphate by heating on the water-bath for 
five hours. On allowing to cool, the substance solidified, and 
crystallised from dilute alcohol (50 per cent.) in silky, yellow 
needles melting at 128°. 

It. is very readily soluble in methyl or ethyl alcohol, chloroform, 
ether, or acetic acid, but sparingly so in water: 

0-1233 gave 5-6 c.c. N 2 at 28° and 758 mm. N = 5’16. 

C 16 H 18 0NC1 requires N=5T per cent. 

The rotatory power determinations gave the following values: 



Solvent. 

Substance. Tem- 
Gram. perature. 

Time in 
hours. 

a ly . 

Mo* 

[M] b . 

(a) 

Chloroform ... 

0-0633 

27-5° 

— 

4-1-02° 

+ 160-4° 

+ 441-7' 

>9 

0-0994 

28-0 

8 

1-03 

161*9 

446*0 

(&> 


30-0 

— 

1-54 

154-1 

424-6 


(2nd prepn.) 

31-0 

n 

1-54 

154-1 

424*6 


Methyl alcohol 

0-0941 

30-0 


1-67 

176-6 

486-4 


„ ■' 

31-0 

6A 

1-67 

176-6 

486-6 


m-GhlorophenyUmmocamifkar. 

Molecular proportions of eamphorquinone and m-chloroaniline 
were condensed with the aid of anhydrous sodium .sulphate by heat¬ 
ing on the water-bath for four hours. The product was cooled, 
dissolved m alcohol, and precipitated by the addition of water as 
a crystalline substance. On recrystallisation from dilute alcohol, 
pale yellow needles melting at 123—124° were obtained. The sub¬ 
stance is very readily soluble in methyl or ethyl alcohol, chloro¬ 
form, ether, or acetic acid, and insoluble in water: 

' 0-1300 gave 6’2 c.c. at 32° and 758 mm. N«5'35. 

C lc H ls ONCl requires N = 5-l per cent. 

The rotatory power determinations gave the following values: 

Substance. Tem- Time in 


Solvent. Gram, perature. hours. <*„, [Vj„. [M]„. 

Chloroform . 0-0666 28-0° . +3-25° 4-485-7° +1338° 

„ „ 27-5 24 3-10 476-7 1313 

Methyl alcohol...... 0-0800 27-5 — 3-68 457-7 1261 

„ „ 26-5 20 3-69 459*0 1264 
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a-Naphthylimiiiocampkor, 

When molecular proportions of camphorquinone and a-naphthyl- 
amin© were mixed, the mixture soon became liquid at the ordinary 
temperature. It was heated on the water-bath for four hours to 
complete the reaction. On cooling, the product was dissolved in 
alcohol and precipitated by the addition of water, when a solid 
substance separated which crystallised from dilute alcohol in yellow 
needles melting at 155°. 

It is very readily soluble in methyl or ethyl alcohol, chloroform, 
ether, or acetic acid, and insoluble in water : 

0-1220 gave 5*1 c.c. at 33° and 759 mm. N = 4*7. 

C 20 H 21 ON requires 1ST~4*8 per cent. 

The rotatory power determinations gave the following values: 

Substance. Tom- Tim© in 


Solvent. Gram, perature. hours. o D . [«] D . [M] D . 

Chloroform . 0-0676 31*5° — +4-14° 4-609-6° +1774° 

„ .. 32-0 91 4-14 609-6 1774 

Methyl alcohol. 0-1199 31-5 —" 6-73 568-5 1625 

„ „ 32-0 74 6-73 558-5 1625 


The substance does not exhibit any mutarotation. 

/3-„¥ aph t hylim inocamph or. 

Camphorquinone and j8-naphthylamine were condensed in mole¬ 
cular proportions by heating on the water-bath for four hours. 
The substance on crystallisation from dilute alcohol in the usual 
manner gave yellow needles melting at 140—142°. 

These are very readily soluble in methyl or ethyl alcohol, acetic 
acid, ether, or chloroform, and insoluble in water: 

0-1100 gave: 4*6 c.c. N g at 32° and 760 mm. N = 4-4. 

C 20 H 21 ON requires N-4-8 per cent. 

The rotatory power determinations gave the following values: 

Substance. Tern- Time in 


Solvent. Gram, perature. hours. a„. f«] D . [M]». 

Chloroform . 0-0966 32° —- +6*62° + 682-0 +1985° 

. „ 31 15 6-66 686-0 1996 

Methyl alcohol...... 0*1140 31 —• 7-45 650*5 1893 

. „ 31 104 7-35 641-6 1867 


Phenyliminocomphor. / 

This substance was prepared according to Forster’s method (T., 
1909, 95, 949), and formed silky, yellow needles melting at 
110 — 112 °. 
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The rotatory power determinations gave the following values: 
Substance. Tern* Time in 

Solvent. Gram, perature. hours. «,>. [«]». |M]„. 

Methyl alcohol. 0-0920 26-5° — +5-61° +606-8° +1462° 

. „ 27-0 27 5-51 596-1 1437 


7 . ? /n y T ^c:n-o 6 h 4 -n:n'C 0 h 5 

p-Bensencazophmiyhminocamphor, C 8 H 14 <+^^ - * 


Camphorquinone and aminoazobenzene, in molecular proportions, 
were heated on the water-bath for six hours. The product was 
cooled, dissolved in alcohol, and precipitated as an oil by the addi¬ 
tion of water. The oil, on keeping for two days, solidified. It 
crystallised from dilute alcohol in orange needles melting and 
decomposing at 129—130°. 

The substance is very readily soluble in methyl or ethyl alcohol, 
chloroform, ether, or acetic acid, and insoluble in water: 

01140 gave 12*5 c.c. N s at 32° and 759 mm. N = 12*5. 

C 22 H 23 ON s requires N;= 12*36 per cent. 

The rotatory power determinations gave the following values: 

Substance, Tem- Time in 


Solvent. Gram, perature. hours. « f) . [«]»• [M]„. 

Chloroform . 0-0557 23-0° — +3-08° +550-4° +1899° 

„ „ 23-5 22 3-25 680-8 2004 

Methyl alcohol.. 0-0359 24-0 — 2-08 571-1 1970 

„ ...... „ 24-5 22 2-05 568-4 1961 


CamphanoqumomMne, C S H 14 <[V*^^>C 6 H 4 

The quinoxaline derivative is obtained quantitatively by heat¬ 
ing on the water-bath alcoholic solutions of camphorquinone and 
o-phenylenediamine. On dilution with water, it separates as an 
oil, which on rubbing becomes pasty and then solidifies. It is 
purified by dissolving in alcohol and precipitating with water, 
being obtained as a white, amorphous substance melting at 77—78°. 
It is very readily soluble in methyl or ethyl alcohol, acetone, 
glacial acetic acid, ether, benzene, light petroleum, carbon 
disulphide, or chloroform, and insoluble in water: 

0-1725 gave 18*55 c.c. N 2 at 30*5°' and 759*5 mm. N —12*1. 

C 10 Hi 8 3ST 2 requires 17=11*76 per cent. 

The rotatory power determinations gave the following values: 
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Substance. Tom- Time in 


Solvent. Oram, pomture. hours. « r ,. fa],,. [M] u . 

Ethyl alcohol . 0-2980 23-5° — +0-97° 4-32-4° +77*1° 

„ .. „ 24-0 Sis 0-94 31-4 74-71 

„ .. 23-0 234 0-94 31-4 74*71 

Chloroform . 0-3979 28-0 — 1-14 28-51 67*86 

„ „ 27-0 18 1-17 29*26 69-65 

Methyl alcohol. 0-4254 30-0 — 1-43 33-45 79*8 


CIN-O.H ’NIC 

m-Phenylenebisiminocamphor, C 8 H u <Aq 6 4 ^'^>0 8 H 14 . 


An alcoholic solution of camphorquinone (2 mols.) was added to 
an aqueous solution of m-phenylenediamine hydrochloride mixed 
with excess of sodium acetate, and heated for half an hour on the 
water-bath. The condensation product was obtained as an oil, 
which solidified on keeping and crystallised from dilute alcohol in 
yellow needles melting at 150—151°. 

It is very readily soluble in methyl or ethyl alcohol, acetic acid, 
chloroform, ether, or pyridine, and insoluble in water: 

0'1300 gave 8*25 c.c. N 3 at 31° and 760 mm. N"~7T6. 

C2cH 3a 0 2 N 2 requires N — 6’93 per cent. 

The same substance was also obtained when camphorquinone and 
wi-phenylenediamine were condensed in molecular proportions. 

The rotatory power determinations gave the following values: 


Solvent. 
Methyl alcohol. 
Chloroform .... 


Substance. Tem- Time in 
Gram, perature. hours. 

a u . 

Wp- 


0-0193 30-5° — 

+ 1*23° 

4-634-1° 

4-2563 c 

0-0395 29-0 — 

0-52 

658*3 

2660 

(in 100 c.c.) 

28-0 21 

0-53 

671-0 

2710 


More concentrated solutions were too dark for observations to 
be made on them. 


Q-Methoxyphenylimmocamphor, 0 & H li <^^ 6 4 * 

Camphorquinone and o-anisidine were mixed in molecular pro¬ 
portions, a little anhydrous sodium sulphate was added, and the 
whole heated on the water-bath for four hours. On cooling the 
product, it was dissolved in alcohol and precipitated by water. It 
crystallised from dilute alcohol in pale yellow prisms melting at 
125—126°. 

The substance is very readily soluble in methyl or ethyl alcohol, 
chloroform, ether, or acetic acid, and insoluble in water: 

0*1135 gave 5*6 c.c. N s at 28° and 759 mm. N=5*61. 

C 17 H 2j 0 2 N requires N=5*2 per cent. 


z* 2 
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The rotatory power determinations gave the following value*. 
The solution wan somewhat dark, and therefore difficult to read : 
Bubsfcauee. Tom* Time in 


Solvent.. Gram, perature. hours. a,.. [a]„. [M+,, 

Chloroform . 0-0630 ' 27° — . +1*45° +225-8° +612-0° 

.. „ 28 27 1-47 228-0 620-3 


Condensations between camphorquinone and m-nitro-p-toluidine, 
o-, m~, and p-aminobenzoie acids, could not be effected. 

This work was carried, out at Dacca College. It is now being 
continued at Government College, Lahore. 

The Chemical Laboratory, 

Government College, 

Lahore, Punjab, India. [Received, January i'Hth, 1019.] 


XLVI .—The Nitration of Diphenylethylenediamine. 

By George Macdonald Bennett. 

It was shown by Mills in 1900 (T., 77, 1020) that diphenyl- 
ethylenediamine, C 6 H 5 *NH• OH s *CH 2 *NH*C c Ii 5 , may be nitrated 
in glacial acetic acid solution with the production of two isomeric 
tetranitro-derivatives, one melting at 303°, the other at 85°, the 
latter being much the more readily soluble in various solvents, and 
easily converted into the former by boiling its solution in acetone. 

The close relationship between diphenylethylenediamine and 
monoanethylaniline made it probable that an oetanitro-derivative 
of the former might be obtained, analogous to trinitrophenyl- 
methylnitroamine, C c H a (N0 2 ) 3 *NMe'lsf0 g . This proved to be the 
case, and the expected hexanitrodiphenylethylenedinitroamine, 
[C 6 H 2 (N 02 )s*N(N 0 2 )*CH 2 '] 2 , was isolated, either by nitrating the 
base in sulphuric acid, using a large excess of fuming nitric acid, 
or by using little more than the theoretical amount of nitric acid 
in the presence of fuming sulphuric acid. 

From the products of the reaction there was also isolated a small 
quantity of a hexanitro-derivative, which must b© isomeric with 
the compound melting at 230° obtained by Jedlicka (,/. pr. Chem., 
1893, [ii], 48, 204) by the interaction of ethylenediamine and 
either trinitroanisole or picryl chloride. This new hexanitro- 
diphenylethylenediamine and the Mills’s tetranitro-compound 
(m. p. 85°), which it resembles closely in properties, are probably 
tetra- and di»mtrodiphenylethylenedinitroamines. 
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lX]PEEIMBNTA.L. 

Preparation of Di-phenylethylenediamine. 

The base has hitherto been prepared by the interaction of aniline 
and ethylene dibromide (Morley, Ber., 1879, 12, 1794), but it may 
be equally readily obtained by using the dichloride, the mixture 
of the latter with four molecular proportions of aniline being boiled 
for three-quarters of an hour. The reaction is much less violent 
than with the bromide. The base may be conveniently purified 
in the form, of its sulphate, C 1 . i H 16 No J H 2 S0 4 ,H 2 0, which crystal¬ 
lises from hot water in colourless needles, being sparingly soluble 
in the cold: 

1*502 (air-dried) lost in a vacuum 0*079. H 0 0=5*3. 

C 14 H 16 N s ,H 2 S0 4 ,H 2 0 requires H 2 0 = 5*8 per cent. 

0*3914 required 23-98 c.c. iV/10-NaOH. Calc., 23*86 c.c. 

2:4:6 : 2' :4 / : Q , -Hexanitrodiphenylethylenedinitroam,ine. 

Fifteen grams of the sulphate (dried at 110°) were dissolved in 
100 grams of sulphuric acid (97 per cent,), and the solution was 
run slowly into 60 c.c. of fuming nitric acid (D 1-52) kept 
vigorously stirred at 30—35°. The temperature of the mixture 
was then slowly raised, and kept finally at 80° during an hour. 
When the product was cold, the solid which had been precipitated 
was collected on asbestos and washed successively with dilute 
sulphuric acid (70 per cent.), water, sodium carbonate solution, 
and finally with water. There remained, after drying, 19 grams 
of a yellow, sandy powder which melted and decomposed at 200°. 
A similar result was obtained when the nitration was carried out 
in the presence of fuming sulphuric acid, using the calculated 
amount'* (eight molecular proportions) of nitric acid. By washing 
the sandy product with ethyl acetate or, better, by recrystallisa¬ 
tion from acetone, in which it is sparingly soluble, the octanit.ro- 
derivative was obtained as a pale yellow, crystalline powder melt¬ 
ing and decomposing at 213° (uncorr.): 

0*2771 gave 0*2974 C0 3 and 0*0400 H s O. 0=29-3- H = X-61, 

0*1315 ,, 26*75 c.c. N.> (moist) at 15° and 763 mm. 

N = 24*03. 

0 14 H s Oj C N : k , requires 0=29*3; H = l*4 ; N = 24-5 per cent. 

This compound is insoluble in the ordinary organic solvents, with 
the exception of ethyl acetate and acetone, in which it is appreci¬ 
ably soluble. It may be obtained in minute, lemon-yellow crystals 
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by crystallisation from nitrobenzene, in which it is readily soluble. 
It explodes on sudden heating. When heated with a concentrated 
solution of sodium hydroxide, it is decomposed, with the formation 
of picric acid. 

H exanitro-derivat'i ve. 

The dark-coloured mother liquors from the purification of the 
crude octanitro-derivative by means of ethyl acetate or acetone 
left, on evaporation, a dark brown powder which appeared to he 
a mixture, and from which crystalline products could not readily 
be isolated. By fractional precipitation of its solution in glacial 
acetic? acid by the addition, of water, an amorphous, canary-yellow 
powder was obtained which melted and decomposed at 70°, and 
appeared to be a hexanitro-derivative: 

0*1834 gave 0*2362 CO a and 0*0413 H s O. 0 = 34*6; H = 2-5. 

C I4 H 10 O 12 N 8 requires C=34*8; EC=2*07 per cent. 

It is readily soluble in acetone, glacial acetic acid, ethyl acetate, 
dr nitrobenzene, but practically insoluble in chloroform, benzene, 
carbon tetrachloride, or light petroleum. 

This investigation was carried out during 1915 in the Cambridge 
University laboratories at the suggestion of Prof. Sir William 
Pope, to whom the author’s best thanks are due. 

50, City Road, E.C. 1. [Received, May 2nd, 1019.] 


XLVI I,— The Propagation of Flame in Mixtures of 
Acetylene and Air . 

By Walter Mason and. Richard Vernon Wheeler. . 

Measurements of the speed of the “ uniform movement” during 
the horizontal propagation of flame in mixtures of acetylene and 
air have recently been made by Haward and Sastry (T., 1917, 
111, 841) in revision of earlier determinations by Le Cbatelier 
(Gompt. rend., 1895, 121, 1144). , 

The electrical method of measuring the speeds of the flames 
employed by Haward and Sastry was found by them to be unsatis¬ 
factory when the propagation took place in a tube of as large 
a diameter as 25 mm., the duration of the uniform movement 
being too short and its speed too great to allow of sufficiently 
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accurate records being obtained. For this reason, they reported 
only results procured by using a tube 12 mm. in diameter. The 
tube employed by Le Chatelier was 40 mm. in diameter. 

The- maximum speeds during the uniform movement- were found 
to be with, mixtures containing'from 8 to- 10 per cent, of acetylene, 
and were-: in a 12-nnn. tube (Hawavd and Sastry), 260 cm. per 
second; in a 40-mm. tube (Le Chatelier), about 600 cm. per second. 

From, the results obtained with inflammable gases other than 
acetylene (see-, for example, T., 1917, 111, 1044), one would not 
expect to find the speed of the uniform movement of flame so 
dependent on the diameter as these figures indicate. Means were 
therefore sought to compare the speeds in tubes of different 
diameters. From the appearance of the flames, it seemed prob¬ 
able that they would have sufficient actinic power to affect a sensi¬ 
tive photographic film during quite a short time of exposure, so 
that it should be possible to employ the photographic method of 
recording the speeds of flames devised by Mallard and Le Chate¬ 
lier (Ann. des Mines, 1883, [viix], 4, 312) for use with mixtures 
of carbon disulphide with oxygen or nitric oxide, the flames of 
which are highly actinic. On trial, it was found that over the 
whole range of inflammable mixtures of acetylene and air a 
'Sufficiently definite image of the flame was obtained on a highly 
sensitive photographic film moving at a rapid speed in a direction 
normal to the direction of propagation of flame. 

This method, described in detail in the experimental portion of 
this paper, was therefore adopted for the determinations of the 
speeds of the uniform movement of flame in mixtures of acetylene 
and air herein recorded, tubes 12-5, 25, 50, and 90 mm. in diameter 
being used. 

Apart from its value in enabling the mean speed of propagation 
of flame over a measured distance to be calculated, the photo¬ 
graphic method enables a detailed study to be made of the manner 
of movement of the flame. Such a study has been made, with 
particular reference to the phenomena resulting in and accompany¬ 
ing the detonation wave, by Dixon (Phil. Trans., 1903, [A], 200, 

315), who lias brought flame 1 c analysis ” by these means to the 
acme of perfection. 

Mallard and Le ChateHefs observations oil the mode of propaga¬ 
tion of flame, as revealed by photographs, have frequently been 
epitomised ; but it is desirable to recall them again, preferably in 
Le ChatelierV words;, which are as follow (“Le Carbone,” p. 273, 
Paris, 1908): 

“ On constate, dans eesconditions, lorsque Fin 11 animation a ete. 
raise du cote de Fextremite ouverte du tube, que la fiamme se 
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propage d'abord avec line vitesae sensibiement tmiforme; la courbe 
enregistree est alors une droite, plus ou moins incline© 3 il se 
dfSveloppe bientot des mouvements vihratoires dans la masse 
gmeuse qui preiment parfoia line violence extraordinaire, la courbe 
present© des undulations tree accentuees; enfin, dans certains cas,- 
la propagation de ^inflammation devient brusquement, en quelque 
sorte, instantanee, du moins tellement rapid© qu’il est bien 
difficile de reconnaitre Texistenee d’une vitesse definie.” 

This description is founded mainly on the results of experiments 
with mixtures of carbon disulphide and nitric oxide, for with no 
other inflammable gas was the flame sufficiently rich in actinic 
rays to affect satisfactorily the rapidly moving sensitised paper 
(gelatine-bromide, paper) which Mallard and Le Chatelier used. 
The description is, however, intended to apply to the propagation 
of flame in most gaseous mixtures ignited under the conditions 
"■specified 1 , . 

It will be understood that an advantage of this method of deter¬ 
mining the speed of uniform movement of flame, over such as 
involve the fusion of screen-wires at fixed positions along its path, 
lies in the assurance given by the photograph that no part of the 
“ vibratory movement,” during which the flame may momentarily 
attain a very rapid speed, is included in the measurement. 

In the present instance, the necessity of avoiding the develop¬ 
ment of the detonation wave, with consequent shattering of the 
glass apparatus, demanded that tubes of not much greater length 
than 150 cm. should be employed. With such short tubes, the 
uniform movement may give place to the vibratory movement at 
a distance of less than 20 cm. from the point of ignition (the open 
end of the tube). It is difficult to record accurately the times of 
fusion, by rapidly moving flames, of screen-wires placed so close 
together as this. 

There is little doubt but that the inadvertent inclusion of part 
of the vibratory movement of the flam.© in the measurement of 
the speed of the uniform movement has been responsible for some 
of the discrepant results reported by different experimenters. It 
would seem most probable that herein lies the explanation of the 
high velocities recorded by Le Chatelier for the uniform movement 
of flame in mixtures of acetylene and air in a tube of 40 mm, 
diameter; for whilst the photographic method of recording the 
speeds confirms the results obtained by Haward and Sastry when 
using a tube 3 2 mm. in diameter, neither in a 50 mm. nor even 
in a 90 mm. tube did the flames; attain during the uniform move¬ 
ment such high speeds as in Le Chatelier’s experiments. Th© maxi¬ 
mum speed of flame shown by the photographs during the uniform 
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movement was 335 cm. per second, for mixtures containing' between 
9 and 10 per cent, of acetylene (tube 90 mm. in diameter) ■ as 
compared with 600 cm. per second recorded by Le Chatelier for 
like mixtures (tube 40 mm. in diameter). 

In Fig. 1 the results obtained in the four tubes of different 
diameters are plotted as speed-percentage curves. The influence 
of the diameter of the tube on the speed of the uniform movement 
of flame in mixtures of acetylene and air is shown by this diagram 
to be of the same degree as with other inflammable gases. For 
example, the maximum speeds may be compared with those for 



Acetylene in air, per cent. 

mixtures of methane and air in tubes of the same diameters (T.» 
1917, 111, 1052), as follows: 


Speed of uniform movement of flame. 
Cm, per sec. 


Diameter of tube 

Methane-Air' 

Acetylene-Air 


in mm. 

(9-5 per cent. CH 4 ) 

(9*5 per cent C 2 H 2 ) 

Ratio. 

25 

67 

285 

4-2 

50 

93 

315 

3-4 

90 

105 

335 

3-2 


The mixture at the lower limit of inflammability, horizontal 
propagation of flame, contains 2-7 per cent, of acetylene. The 
upper limit is indeterminate* exothermic decomposition of ex cess : 
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of acetylene, with deposition of carbon, taking place after, a per¬ 
centage of acetylene of about 17 is exceeded. The speed at which 
flame travels in the latter mixtures is slow, but does not decrease 
much with increased acetylene content, as is shown in Fig. I. 
According to Le Ohatelier, propagation of dame can be obtained 
(in a tube 40 mm. in diameter) with mixtures containing up to 
64 per cent, of acetylene, the speed at the limit being about 5 cm. 
per second. 

Figs. 2—6 reproduce some characteristic appearances of the 
flames. Each, tube was partly covered with black paper, leaving a 
horizontal slit 5 mm. broad and 30 cm. long, which was focussed 
on the revolving film. A strip of paper 1 cm. broad divided the 
slit into two portions, each 14;5 cm. long; this strip appears as a 
black central line on the photographs. The slit began 10 cm. 
from the open end, where ignition was effected. 

In each instance the flame should be pictured as travelling 
horizontally from left to right over a measured distance, while the 
film is moving vertically at a known speed. A curve is thus 
traced, each point on which has for abscissa the distance travelled 
by the flame and for ordinate the time that has elapsed since its 
first appearance at the slit. 

Fig. 2 . C 2 H 2 , 5*40 per cent.—A mixture of the same com¬ 

position inflamed in tubes of 12*5, 25, and 50 mm. internal 
diameter and photographed on the same film, the peripheral speed 
of the drum to which it was attached being 57'6 cm. per second 
in each instance. The increase of speed of flame with increased 
diameter of tube is well illustrated by this photograph, and is.at 
once apparent from the angles of inclination of the images. The 
speeds are: 12-5 mm. tube (A), 120 cm. per see.; 25 mm. tube 
(B), 140 cm. per sec.; 50 mm. tube (C), 160 cm. per sec. 

Fig. 3. C 2 H 2 , 15*00 per cent—A mixture of the same com¬ 

position inflamed in tubes of 12*5, 25, and 50 mm. internal 
diameter. The speed of the film in each instance was 96 cm. per 
second. It will be seen that with each of the tubes of larger 
diameter the uniform movement gave place to the vibratory move¬ 
ment after the flame had traversed half the length of the slit, a 
distance of about 25 cm. from the open end of the tube. The 
increase in the mean speed of the flame when this transition takes 
place is well marked.* Only the left-hand halves of the curves 

* It u* necessary hero to note that a distinction, must be drawn between 
the vibrations of large amplitude, accompanied by enhanced mean speed of 
flame, and the undulations, which are without effect on the speed of the 
' flame, apparent during the “ uniform movement ” in the larger tubes. The 
cause of these undulations is explained later, 
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can be used for calculating the speeds of the uniform movement, 
which are: 12*5 mm. tube (-4), 70 cm. per sec.; 25 mm. tube (71), 
78 cin. per sec.; 50 mm. tube (unlettered), 85 cm. per sec 

Fig. 4.—Flame travelling in a tube 90 mm. in diameter, the 
mixture containing 9*45 per cent, of acetylene. Speed of film, 
96 cm. per sec. The speed of the uniform movement of this flame 
(335 cm. per sec.) is the fastest recorded for any mixture of 
acetylene and air during the course of this research. 

Fig. 5.—Flame travelling in a mixture^ containing 15-55 per 
cent, of acetylene photographed in a tube of 25 mm. internal 
diameter. Speed of film, 96 cm. per sec. This mixture contains 
a considerable excess of acetylene above that required for com¬ 
plete combustion of the oxygen. Secondary combustion took place, 
air being drawn in from the open end of the tube, whilst the 
initial flame was travelling* a distance of 27—-28 cm.; the vibratory 
movement, with enhanced mean speed of the flame, was then 
developed. 

A feature, common to all the photographs of the flames in the 
tubes of larger diameter, is the undulating character of the flame 
front during the uniform movement. The undulations are due 
to resonance induced in the tubes at the moment of ignition, in 
part by the compression wave or pulse produced when the suddenly 
ignited gases expand, and in part by the pulse or train of pulses 
arising from the source of ignition itself. This, in the majority 
of the experiments, was a series of secondary discharges across a 
3 nun. gap 3 cm. from the open end of each tube, obtained from 
a £ *' 6-inch ” induction coil with a current of 10 amperes in the 
primary circuit. A single such discharge produces a pulse of con¬ 
siderable intensify (see, for example, Topler, Ann. FJigs. Ghem., 
1867, [ii], 131, 33; 1868, 134, 194), and it is clear from Fig. 6 
that the series of discharges used to cause ignition of the mixtures 
was largely operative in producing the more pronounced undula¬ 
tions of the flame during the uniform movement. 

For this photograph (Fig. 6), a mixture containing 5*4 per cent, 
of acetylene was ignited in a tube 25 mm. in diameter (A) by means 
of a small hydrogen flame held at the mouth of the tube, and (B) 
by the secondary discharge at the spark-gap 3 cm. within. Both 
photographs were taken on the same film (speed 55 cm. per 
second), and the images were good enough to fall close together, 
so that comparison between them is facilitated. It ■will be seen 
that .1 exhibits but slight signs of an undulatory motion of the 
flame during the uniform movement, whilst in B the undulations 
are well defined and similar in general character to those appear¬ 
ing in the majority of the photographs. The mean speed of the 
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■flame (141 cm. per second) is not affected by the undula¬ 
tions. 

No rigid uniformity in the manner of ignition of the mixtures 
was attempted when determining the speeds recorded in Fig. 1; 
for, provided that the flame is allowed to- travel a sufficient distance 
before measurement of the speed of the uniform movement is 
made, the initial impetus given to the flame by the spark dies 
away. A tapping key was employed, the trembler of the induc¬ 
tion coil being allowed to function in the usual manner, and no 
doubt the discharge was maintained during a longer period in 
some instances than in others. Experiment showed that prolonged 
passage of the discharge after ignition had been effected sometimes 
resulted in the appearance in the photographs of the flames of 
small undulations superposed on the main undulations, but did 
not otherwise affect their character. 

There remain to be considered the faint undulations apparent 
in Fig. 6, A. These are evidently due to resonance set up in the 
column of gases in the tubes by the slight shock imparted to it 
at the moment of ignition, for if great care be taken to avoid any 
disturbance at the mouth of the tube when igniting the gases, no 
undulations of the flame appear. In Fig. 7 are reproduced the 
photographs of flames travelling in a mixture containing 5T5 per 
cent, of acetylene. For (A) ignition was by a small jet of burn¬ 
ing hydrogen introduced through a hole 4 cm. from the open end 
of the tube, whilst for (B) a large, flat flame of hydrogen, which 
more than covered the cross-section of the tube, was used, and this 
was held momentarily across the mouth of the tube in such a 
manner that ignition of the mixture took place there simultaneously 
over the whole surface. With the small source of ignition at a 
.point'4.cm. within the tube, an undulatory motion is imparted to 
the flame of a more pronounced character than when a similar 
small source of ignition is held at the mouth of the tube (Fig. 6, A). 
With the large source of ignition (B), the propagation of flame 
is initially absolutely uniform. The speed of the film for these 
photographs was 96 cm. per second. 

■ ■': Fig.' 8 shows the effect of varying the intensity of the com¬ 
pression wave or pulse produced on ignition by varying the volume 
of mixture contained between the point of ignition and the open 
end of the tube. The photographs record the progress of the flame 
from the point of ignition, which was 1 cm. within the tube for 
(A), 4 - 5 cm. within for (B), and 12 cm. within for (0). A mix¬ 
ture containing 5*8 per cent, of acetylene was used, and the tube 
was 25 mm. in diameter. The speed of the film was 100 cm. per 
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second. Ignition was by a single discharge across a 3 imn. gap 
produced by breaking a current of 6'6 amperes in the primary of 
a “10-inch” X-ray coil, the trembler of which was locked. 

The “uniform movement” of the flame lies towards the right- 
hand side of each photograph, that direction of travel being 
towards the closed end of the tube. Towards the open end the 
flames travel rapidly, and some of tne mixture is projected into 
the air and burns there. It is clear that the larger the volume of 
the mixture thus rapidly ignited, and the more intense in con¬ 
sequence the compression wave produced, the greater is the ampli¬ 
tude of the undulations produced in the uniform movement of the 
flame. When the point of ignition is 12 cm. within the tube, the 
motion of the flame cannot be regarded as “ uniform ” at all. (In 
this connexion, see T., 1917, 111, 1055.) 

It may be remarked that the undulatory motion of the flames, 
even when accentuated by the use of a powerful secondary dis¬ 
charge to ignite the mixtures, is not apparent from direct observa¬ 
tion. Its occurrence is rendered evident, however, not only by 
photographic means, but sometimes also by the appearance along 
the glass tubes of rings of moisture deposited at regular intervals 
after the flames have passed, hfeyreneiif ( Gompt . rend., 1880, 
91, 321) appears to have obtained similar effects in short tubes 
coated on the inside with paraffin wax. 

The proof that these undulations are indeed resonance effects 
lies in the close correspondence between their frequencies as deter¬ 
mined from the photographs and as calculated from the dimensions 
of the tubes. Each tube being closed at one end and open at the 
other, the mode of vibration*of the column of gases to give the 
fundamental tone results, according to Bernoulli’s theorem, in an 
approximate frequency n~u(U, u being the velocity of sound in 
the gases and l the length of the tube. This approximation 
assumes a loop, with no pressure variation, at the open end of the 
tube, a condition which does not obtain. An “end correction” 
must be applied, which with flanged pipes amounts to about 0*82 r, 
and with unflanged pipes to about 0‘60 r (see Rayleigh, “The 
Theory of Sound,” Vol. 2, p. 183. London, 1896). That is to 
say, the length of the tube must be increased by 0*82 r if 
flanged and by 0*60 r if unflanged before Bernouilli’s theorem is 
applied. 

Of the tubes used in the experiments, that of 50 mm. diameter 
alone was flanged. The observed frequencies of the undulations 
during the uniform movement of the flames, the dimensions of the 
tubes,, and the calculated frequencies for the fundamental tone 
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during' the longitudinal vibration of air in cylindrical pipes of 
those dimensions, are given in the table that follows: 





Calculated 

Frequency of undulations 
during uniform movement 

Dimensions of tube 

frequency of 
fundamental 



of flame. 

Length. 

Diameter. 

tone of tube. 

03 

130 cm. 

1-25 cm. 

63-5 

59 

141 

2-5 

58*4 

05 

126 

5-0 (flanged) 

64*8 

53 

140 

9-0 

58*1 


The value taken for the velocity of sound when calculating the 
frequencies of the fundamental tones of the tubes was 332 m. per 
second, the velocity in open air at 15°. The velocity in the mix¬ 
tures in the tubes would vary slightly with the composition of the 
mixture and the diameter of the tube, but not to a sufficient 
extent to affect seriously the calculated frequency. 


Experimental. 

The -only part of the experimental arrangements requiring 
further description is the camera. This consisted of a light-tight 
box furnished with a lens of quartz 13 cm. in diameter, and con* 
taming a drum for the reception of the film, which could be 
revolved at a high speed. 

The focal length of the lens was 17 cm., and its position was 
fixed once and for all in relation to (1) the tube to be photo¬ 
graphed, and (2) the film, so that the size of the image obtained 
was nearly one-quarter that of the object, the distance of the film 
from the lens being 20‘5 cm. 

The drum was 47 cm. in circumference and 10 cm. wide. Its 
spindle projected at either end through the sides of the camera, 
and carried at the one end a pulley to receive the drive of an 
electric motor and at the other end a reduction gearing. This 
gearing communicated with another drum, of the same diameter 
as that within the camera, used to receive, on a smoked paper 
chart, the record of a tuning-fork. The speeds of revolution of 
the two drums were as 1:32. 

All the records of speeds obtained by the photographic method 
are given in the table that follows. As a check on the method, a 
series of determinations was made in the 12 mm. tube, using the 
“ screen-wire ” method as employed by Haward and Sastry; these 
determinations are placed within brackets in the table. 
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Speed of uniform movement of flame. 


Diameter of tube in mm. 

12-5 

25 

50 

90 

Acetylene in air. Per cent. 
2-75 

_ 

__ 

_ 

40 

3-30 

(26) 

— 

— 

— 

3-45 

25 

41 

60 

— 

3-55 

— 

— 

— 

69 

4-00 

(55) 

— 

— 

115 

4-40 

— 

— 

— 

4-60 

82 

95 

115 

—. 

5-30 

(120) 

—- 

— 

—. 

5-40 

120 

140 

160 

— 

5-80 

— 

— 

— 

195 

6*00 

(155) 

— 

— 

— 

6*10 

158 

172 

205 

—. 

7*00 

— 

— 

— 

265 

7*05 

205 

225 

250 

— 

7*15 

(205) 

— 

— 

—. 

7*40 

220 

240 

270 

— 

7*95 

— 

— 

— 

310 

8*00 

(252) 

— 

— 

— 

8-15 

258 

270 

303 

— 

8*60 

(260) 

— 

— 

— ' 

8*90 

265 

282 

312 


9*00 

(268) 

— 

— 

— 

9*45 

(265) 

— 

— 

335 

9*90 

266 

280 

310 

■—. 

10*35 

260 (265) 

278 

304 

— 

10-55 

— 

— 

— , 

320 

10*65 

(255) 

— 

—■ 

—. 

11-00 

(235) 

■ — 

, 

, — 

11-60 

206 (210) 

245 

283 


11-85 

— 

— 

—. 

285 

12-30 

— 

—, 

— 

260 

12-40 

(160) 

— 

' __ , 

— 

12*50 

150 

191 

230 

. — 

13*25 

115 

145 

175 

220 

13*30 

(115) 

— 

— . 

— 

14-00 

90 

100 

115 

■ —. 

15-10 

70 

78 

85 

— 

15-30 

' — 

— 

— 

84 

15-60 

(65) 

■ — 

.— ' 

— 

16-00 

60 

68 

72 

— 

18-20 

— 

— ' 

60 

70 


The acetylene was obtained compressed in cylinders, without 
acetone as solvent, and was of a high degree of purity. The air 
mixtures were made in metal gas-holders over brine, and were 
analysed before, use., 

. Eskmeals, 

Cumberland. [Received, May 8th, 1919.] 
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nmil—Thc Preparation of Diacetonamine , 

By Arthur Ernest. Everest. 

The methods for the preparation of diacetonamine which are 
described in the literature are laborious and by no means satis¬ 
factory, and this applies whether the preparation is through mesityl 
oxide'or by the direct action of ammonia on acetone. 

Having need of considerable quantities of the compound, as the 
starting point for synthetic work, the author tried to find a method 
■which would be both simple in action and satisfactory in respect 
of yield. The process described below, which was the result of the 
work, is successful in both respects, and furthermore eliminates 
almost completely the laborious recovery of mixtures of alcohol 
and acetone which are formed in the usual process of preparation 
from acetone and ammonia (see the table below). It enables con¬ 
siderable quantities of diacetonamine to be prepared with ease 
and comparative rapidity, and thereby makes this product much 
more available as a starting point for synthetic work. 

One of the chief difficulties in the production of diacetonamine 
from acetone and ammonia is the comparatively small amount of 
ammonia which acetone will dissolve, a fact that necessitates 
several slow re-saturations being resorted to at intervals of five to 
seven days. Even when this course is adopted, a large proportion 
of the acetone remains unchanged. The author has made use of 
anhydrous calcium chloride to obviate this difficulty. By this 
means, the whole of the ammonia required can be passed into the 
reaction mixture in quite a short time, and, moreover, not only 
does the calcium chloride store up the requisite ammonia, but the 
water formed as the reaction proceeds is taken up by it, whereby 
a concentrated solution is formed which separates as a distinct 
layer and can be removed when the reaction is completed. 

Experimental. 

Acetone (1160 grams) and anhydrous calcium chloride (200 
grams) were introduced into a vessel fitted with a reflux, condenser 
(to prevent loss of acetone during the introduction of ammonia) 
and an inlet for ammonia. The vessel was then placed in cold 
water and ammonia (from a cylinder) blown into the mixture as 
rapidly as the liquid would absorb it (100 grams of ammonia were 
introduced in quite a short time without any appreciable loss). 
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Much heat was developed during the addition of the ammonia, but 
with an effective condenser no loss resulted from this. The intro¬ 
duction of ammonia was continued until the amount absorbed was 
equal to the weight of the calcium chloride used (200 grams). If 
it was found that the liquid became nearly saturated before the 
requisite amount of ammonia had been added (this was rarely the 
case), the addition of ammonia was stopped, the vessel allowed to 
remain some eight to ten hours (say overnight), and a further 
amount of ammonia then added. Before the whole of the ammonia 
had been introduced, water had usually commenced to separate, a 
fact that had no detrimental effect on the result. 

When 200 grams of ammonia had been blown in, the vessel was 
allowed to remain at the ordinary temperature for eight to nine 
days. It was found to be advantageous to shake well once a day 
during this period. As the reaction proceeded, the compound of 
calcium chloride and ammonia decomposed, and the products dis¬ 
solved in the water formed by the reaction, the calcium chloride 
solution thus produced forming the lower layer in the vessel. 
Towards the end of the reaction, the upper layer became quite 
viscous and developed a pale yellow colour, whilst the odour of the 
amine became noticeable alongside that of ammonia. 

When the reaction was completed, the layers were separated, 
care being taken that all the calcium chloride was removed, as 
when this was not done, considerable trouble was caused in the 
futrations later by the calcium oxalate formed in working up the 
product. The aqueous layer when'extracted with ether yielded 
a small additional quantity of amine, but in general it was not 
considered profitable to carry out this operation, and the yields 
stated below do not include such extractions. 

After separation, the amine layer (top) was placed in a vessel 
and dry air drawn rapidly through it for several hours, whereby 
a large proportion of the excess of ammonia was removed. The 
liquid thus obtained possessed a strong odour of the amine. The 
amount of oxalic acid required for the formation of the hydrogen 
oxalate was determined (by titration with standard oxalic acid), 
this was dissolved in alcohol, three times the volume of the reac¬ 
tion mixture being used, and the amine then poured slowly into 
the alcoholic solution, the whole being kept well agitated. 
Rectified spirit (B.P.) gave with this process as good results as 
absolute alcohol had given with other processes, this being due to 
the fact that the water produced'.in the reaction was removed, 
whilst in the older methods it remained in the reaction mixture. 

; . When all the amine had been added,, the product, without, filtra-/.■ 
tion, was placed in a distilling flask and distilled up ^to'.75°,' : duri33;g;';:: 
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which, process a small amount of a mixture of acetone and alcohol 
passed over (from 1160 grams of acetone, only about 45 grams 
remained unacted on and passed over in this mixture). At 75°, 
the distillation was discontinued, and the contents of the distilling 
flask were rapidly filtered hot. The filtrate, on cooling, deposited 
diacetonamine hydrogen oxalate in crystalline condition, which 
was collected, washed with alcohol, and dried. The solid residue 
from the hot filtration yielded a small additional quantity of the 
product when extracted with fresh hot alcohol. From the total 
mother liquors, a considerable further quantity of pure product 
was obtained by distilling them on a water-bath until nothing 
further passed over, allowing the residue to remain for about 
twenty-four hours in the cold, collecting the crystals which 
separated, and washing them with alcohol. A certain amount of 
syrup remained as a by-product, and in this a small amount of 
triacetonamine "was detected. 

By the above method, 800 grams of diacetonamine hydrogen 
oxalate (m. p. 125—127°), containing about 1 per cent, of 
ammonium hydrogen oxalate (see note at end of paper), could be 
regularly obtained. Of this yield, about 600 grams were obtained 
from the first deposition and about 200 grams from the liquors 
and by extraction of the solid residues. 

The following table gives comparative results as obtained with 
the method described, above (a), and by the direct action of 
ammonia on acetone withouii the use of calcium chloride (6). 


Acetone taken .. 

„ recovered.. 

} , used .. 

Acetone-alcohol mixture 
fractionated to recover 
acetone and alcohol ... 
Alcohol used 

„ recovered _..... 

Oxalic acid used 

Time of keeping ... 

..Number, of ...saturations 

with ammonia . 

Ammonia used (anhydrous) 

Yield : ............... 

By-product: ammonram 
hydrogen oxalate ___ 


(«•) 

1045 grams 
45 „ 
1000 „ 


100 c.c. 

3 litres {rectified spirit, 
B.P.) 

All ; somewhat diluted. 

1050 grams. 

SA—10 days. 

One. 

190 grams. 

724 „ 

,■ 340 „ 


( 5 .) 

2100 grams 
1100 „ 
1000 „ 


2250 c.c. 

litres (absolute). 

All; considerably di¬ 
luted. 

1060 grams. 
24—28 days. 

4, at intervals of 5—-7 
days. 

• 210 grams, ■ 

434 „ 

440 „ 


out in the chemical 


The work described above was carried 
laboratories of University College, Reading, in February, 1916, 
and the author desires to thank the Sectional Chemical Committee 
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of the Royal Society, at whose request the preparation of the 
diacetonamine was undertaken, for permission to publish the 
results. 


Appendix. 

Note on Diacetonamine Hydrogen Oxalate and Vmyldiacetonamine 
Oxalate. 

By Arthur Ernest Everest and Harold Rogersqn. 

In connexion with the work on the new process for the prepara¬ 
tion of diacetonamine described above, it was desirable that a 
ready means of checking* the purity of samples of diacetonamine 
hydrogen oxalate and of vinyldiaeetonamine oxalate should be 
available. It was further necessary to prove the identity of the 
products obtained. 

In view of the fact that no melting points have been recorded 
in the literature for these substances, previous workers have at 
times resorted to the expedient of converting either of the above 
compounds into a salt of vinyldiacetonalkamine, liberating the 
free base, and determining the melting point of this. The fact 
that this method is obviously unsatisfactory, and that time did not 
permit of ultimate analysis, led one of us (A. E. E.) to test pure 
specimens of the above compounds for melting point. It was found 
that both could be identified by this means. At the same time, the 
other (H. R.), who was also pfeparing quantities of these com¬ 
pounds, had quite independently observed that they had sharp 
melting points. The determinations were therefore -mutually con¬ 
firmed by exchange of specimens. 

Experimental. 

(a) Diacetonamine Hydrogen Oxalate. 

A pure specimen of diacetonamine hydrogen oxalate melts fairly 
sharply at 126—127° to a clear, colourless liquid which, on cool¬ 
ing, sets to a mass of crystals, which again melt at 126—127°. 
The presence of ammonium hydrogen oxalate in the product causes 
opalescence in the liquid that results on melting, but has little 
effect on the melting point. Thus : 

Pure diacetonamine hydrogen oxalate melts to a clear liquid at 
126—127°. 

Pure diacetonamine hydrogen oxalate +1 per cent, of ammonium 
hydrogen oxalate melts at 125*5—127°. 
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Pure diacetonamine hydrogen oxalate+ 5 per cent, of ammonium 
hydrogen oxalate softens then melts at 124’5—126°. 

Pure diacetonamine hydrogen oxalate + 10 per cent, of 
ammonium hydrogen oxalate softens more noticeably then melts 
at 124—125-5°. 

If much ammonium hydrogen oxalate is present in the sample, 
no melting point is observed, only a softening taking place. This 
may account for the fact that no melting point has been recorded 
previously. 

A rough approximation of the amount of ammonium hydrogen 
oxalate in a sample of diacetonamine hydrogen oxalate may be 
obtained by observation of the degree of opalescence shown when 
it melts, but for more accurate determinations an extraction of the 
diacetonamine salt from the sample by boiling absolute alcohol and 
weighing of the residue is recommended. 


(b) Vinyldiacetonamine Oxalate. 

When this compound is prepared from diacetonamine hydrogen 
oxalate which contains ammonium hydrogen oxalate, the latter 
passes through, into the product. The presence of ammonium 
hydrogen oxalate has the same effect on the melting point of vinyl- 
diacetonamine oxalate as it has on that of the diacetonamine salt. 
If sufficient of the ammonium salt is present, no melting point can 
be observed, mere shrinkage and change of colour taking place. 

Pure vinyldiaeetonaimne oxalate, prepared from pure di¬ 
acetonamine hydrogen oxalate and freed from the latter and from 
oxalic acid by twice boiling with a fairly large quantity of absolute 
alcohol, filtering hot, and finally washing with boiling absolute 
alcohol and drying in a vacuum over concentrated sulphuric acid, 
melts sharply at 184—185° with the evolution of gas and develop¬ 
ment of a yellow colour. The presence of diacetonamine hydrogen 
oxalate in the vinyl compound affects the melting point of the 
latter considerably and makes it less sharp. 

These observations were made at University College, Reading, 
and at Gruy’s Hospital Medical School, in February, 1916. 

[ Received , April 16 th, 1919.] 
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XLIX .—-The Constitution of Maltose. A New Example 
of Degradation in the Sugar Group*. 

By James Cqlquhoun Irvine and Jambs Scott Dick. 

In the following paper are described the principal results obtained 
in an investigation undertaken some years ago with the object of 
determining the constitution of maltose. The standard process 
was adopted of complete methylation of the disaccharide, followed 
by identification of the two alkylated sugars produced on hydro¬ 
lysis, and the series of reactions as originally planned may be 
represented by the following synopsis: 


Maltose —>- Methvlmaltoside —> 

Tefcramethyl glucose 

Heptamethyl metbylmaltoside 

Trimethyl glucose 

Although the above scheme has not been fully realised, it has 
been possible to confirm and supplement the earlier results of 
Purdie and Irvine (T., 1905, 87, 1022), who showed that the non¬ 
reducing glucose component of maltose possesses the butylene- 
oxide structure, and thus yields crystalline tetram ethyl glucose as 
one product of the above reactions. * 

This result establishes the constitution of one half of the di¬ 
saccharide molecule, but, owing to an unexpected degradation of 
maltose encountered in the course of the work, we have been 
unable to isolate the trimethyl glucose which should be formed as 
a second hydrolysis product from a fully methylated inaltoside. 
On the basis of the accepted constitution of maltose, the operation 
of the series of reactions should give, in addition to tetramethyl 
glucose, the butylene-oxide form of trimethyl glucose described by 
Purdie and Bridgett (T., 1903, 83, 1037). This is shown below : 


CH-[CH-bH] 2 'CH*CB(OH)-CH 2 -OH 
/ Non-reducing glucose component; 
r / should yield tefcramethyl glucose. 

\ ■■ 

' X CH 2 -OH(OH)»6H*[Oe%H] s *CH-OH 
Reducing glucose component; 
should yield trimethyl glucose. 
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The identification of the particular form of trimethyl glucose 
to be expected is, however, difficult in view of the failure of this 
sugar to give crystalline derivatives, and accordingly, as a neces¬ 
sary preliminary to the present research, we re-examined the com¬ 
pound and determined its physical constants as standards of com¬ 
parison. In addition, the constitution provisionally assigned to 
the sugar has been confirmed by a study of its decomposition pro¬ 
ducts. When oxidised drastically by means of nitric acid, the 
essential product proved to be the monolactone of trimethyl- 
saccharic acid, 

r-O--1 

C0 2 H-OH(OMe)*CH*[Ca-OMe] 3 -UO ’ 
a result which confirms the view that the primary alcohol group 
in the parent sugar is unsubstituted. 

The data thus accumulated proved, however, of little service in 
the present research, which developed an unexpected but interest¬ 
ing complexity. In preparing the necessary methylmaltoside, we 
adopted the method described by Mills (Chem. News, 1912, 106, 
165), in which hepta-acetyliodomaltose is converted into the corre¬ 
sponding acetylated methylmaltoside and the acyl groups are 
removed by hydrolysis. In the light of subsequent events, this 
proved to be an unfortunate decision. The various reactions 
appeared to proceed normally, but, on applying the silver oxide 
process to the “ j3-methylmaltoside,” we obtained, after three 
methylations followed by vacuum distillation, a colourless syrup 
which gave on analysis by ZeiseTs method figures agreeing closely 
with those required for a hexamethyl methylmaltoside . In the 
belief that the methylation was incomplete, further treatments 
with the alkylating mixture were carried out, but this had no 
effect on the composition. As a second preparation gave precisely 
the same result, although the silver oxide reaction was repeated 
five times, and this was followed by two further in ethylations, one 
by means of methyl sulphate and the other by diazomethane, we 
were forced reluctantly to the conclusion that steric hindrance had 
interfered completely with the methylation of one hydroxyl group 
of the maltose molecule. 

The results of combustions were indecisive, and the correct inter¬ 
pretation was forthcoming only when the supposed hexamethyl 
methylmaltoside was hydrolysed, and the two sugars thus produced 
were separated by distillation in the high vacuum of the Gaede 
pump. As already mentioned, crystalline tetramethyl glucose was 
readily obtained as the fraction of lower boiling point, but the 
remaining product distilled onlywith, the greatest difficulty under 
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a pressure of 0'1 mm., and could not be induced to crystallise. 
Examination showed this viscous syrup to be a reducing sugar and 
to possess the composition of a dimethyl pentose, so that clear 
evidence was thus obtained that, at some stage of the successive 
reactions, degradation of the maltose molecule had taken place to 
give derivatives of a sugar containing eleven, carbon atoms in the 
chain. Owing to the close coincidence in the calculated composi¬ 
tions of a highly methylated methylmaltoside and a hexamethyl 
methylglucopentoside, it was impossible to detect this degradation 
before hydrolysis, and, owing to the unexpected nature of the 
result, it was necessary to obtain confirmatory evidence. The 
dimethyl pentose was therefore converted successively into the 
corresponding dimethyl methylpentoside and trimethyl methyl- 
pentoside, and each compound gave on analysis figures which agree 
closely with the above explanation. Further, the values found 
for the specific rotations of these compounds agree with the idea 
that they are derivatives of arabinose, and the corresponding 
nomenclature is accordingly employed in the experimental part. 
There is little doubt that the degradation took place during the 
decomposition of maltose octa-acetate by means of hydrogen iodide, 
and is due to a species of reduction which is unusual in the sugar 
group. No doubt such a reaction, when once commenced, would 
be progressive, but in the twelve experiments conducted by us, the 
change was approximately arrested at a stage when the main pro¬ 
duct consisted of a derivative of a C n sugar. The maltose origin¬ 
ally used was of high purity, and the octa-acetate prepared from 
it also conformed to accepted standards. On the other hand, the 
supposed u hepta-acetyl methylmaltoside,’’ obtained after reaction 
with hydrogen iodide followed by treatment with methyl alcohol, 
was abnormal. Although apparently a definite chemical in¬ 
dividual, we were unable by any process of crystallisation to raise 
the melting point above 115—117°, whereas the recorded values are 
higher (Fischer and Armstrong, 121—122°, 125—126°; Kbnigs 
and Emorr, 128—129°). Fischer has, however, remarked on the 
difficulty in obtaining this compound pure, and as the method o| 
preparation adopted by us might lead to the production of non- 
separable.a- and j8-forms showing a lower melting point, there was 
no reason at the time to doubt the nature of the compound. 

The interruption of our collaboration, due to the War* has pre¬ 
vented us from studying the degradation of sugars by means of 
hydrogen iodide on more general lines, but the subject is evidently 
important, as the possibility is-opened but of degrading maltose 
in. an, acid system and comparing the results with those already 
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obtained by regulated oxidation in alkaline solution (Lewis and 
Buckborough, /. Amer, Ghem. Soc., 1914, 38, 2385). 

Meanwhile, in a separate research, the results of which will be 
communicated at an early date, the complete structure of maltose 
has been established by a method free from the complications now 
described. 


Experimental. 

Preparation of Maltose Octa~acetate. 

As the preparation of this compound in a pure condition pre¬ 
sents considerable difficulty, an account may be given of the method 
which in our experience proved the most satisfactory. 

Pure maltose was acetylated by means of acetic anhydride and 
sodium, acetate in the manner described by Herzfeld {Annalen, 
1883, 220, 200), but the reaction was continued for thirty minutes, 
after which the hot syrup was poured into cold water. On stirring 
vigorously, the product solidified, and the disintegrated solid was 
collected, dissolved in alcohol, and the solution neutralised with 
barium carbonate. The filtered solution was then poured into 
water, and the solid acetate which separated was collected on a 
filter and thereafter dried in a vacuum. On extracting the dry 
crystals repeatedly with a large excess of boiling ether, the impuri¬ 
ties remained undissolved, and on removal of the solvents from the 
united extracts, the acetate was obtained in good yield. One 
recrystallisation from hot alcohol was then sufficient to give the 
pure compound melting at 157°. 

Action of Hydrogen Iodide on Maltose Octa~acetate. 

Sixty grams of the acetate, in portions of 5.grams, were treated 
in methylene chloride solution with carefully purified hydrogen 
iodide, as described by Mills (loc. cit.). The excess of the gas and 
the solvent were removed in a high vacuum, and the residual syrup 
was'at once dissolved in dry methyl alcohol, and the solution shaken 
with silver carbonate until free from iodine. On concentration of 
the filtrate, the product crystallised readily, but even after re¬ 
peated crystallisation the melting point could not be raised above 
117°. 

AY The, yields obtained, in the twelve preparations varied; consider¬ 
ably, and were in no case more than 60 per cent, of the theoretical 
amount. Apparently an important factoristo minimise the time 
during which the acetate is in contact with hydrogen iodide to less 
than thirty minutes, and to remove the excess of the gas as rapidly 
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as possible. Otherwise the amount of syrup formed is increased 
and the proportion of crystalline product seriously diminished. 

The removal of the' acetyl groups from the supposed hepta-acetyl 
methylmaltoside was effected in the usual way by shaking with 
aqueous barium hydroxide, the ultimate product being a glucosidic 
syrup, which proved to be methylglucoarabinoside. Throughout all 
the above reactions, the customary precautions were taken to pre¬ 
vent molecular rupture, and the operations were thus extremely 
tedious. 


Methylation of Methylglvcoarahinoside. 

No details of this reaction need be given, as it was conducted 
precisely as described in earlier papers dealing with the methyl¬ 
ation of giucosides by means of silver oxide and methyl iodide. 
After two alkylations in methyl-alcoholic solution, the product was 
freely soluble in methyl iodide, and consequently no* extraneous 
solvent was required in the final methylations. The product, which 
was a clear, viscid syrup, was purified by fractionation in a high 
vacuum, and the following table shows that successive treatments 
did not increase the met-hoxyl content- above a fixed maximum. 

Number of 

methylations. B. p. n B . Methoxyl. 

4 188— X99 o /0-35 mm. 1-4692 50-34 per cent. 

5 19570-1 mm. 1-4688 50-66 

5 205—20870-4 mm. 1-4695 52-2, 50-79 per cent. 

6 200—20370-4 mm. 1-4689 50-45 „ 

In a second preparation, otherwise duplicate, the treatment was 
extended by one methylation by means of methyl sulphate and 
sodium hydroxide, and finally by diazomethane in ethereal solu¬ 
tion. but without alteration in the analytical figures or physical 
constants of the product. The mean of several consistent analyses 
gave: 

C = 52-ll; Bl = 8*21 ; OMe = 50*9 per cent, 

Heptamethyl methylmaltoside: 

requires 0=52*86; H = 8*37; OMe=54'63 per cent. 

Hexamethyl methylmaltoside: 

CjgHyPii requires C = 51*81; H=8*18; OMe = 49-3 per cent. 

Hexamethyl methylglucoarabinoside: 

CjgH^O^j requires C = 52*68; H = 8*29; OMe = 52*9 per cent. 

The results fail to discriminate between the alternatives, and 
the molecular weight, determined in benzene solution by the cryo- 
scopic method, was equally inconclusive. 

VOL. CXV 


A A 
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Found: 425. 

C 10 H 3 c,O n requires 440; C^H^Oyi requires 410. 

On the evidence yielded by hydrolysis, the compound was finally 
shown to he essentially hexamethyl methylglueoarabinoside 
(C 18 H 34 O 10 ). 

The new giucoside is a viscid, colourless syrup freely soluble in 
organic solvents generally, but less so in water. Presumably the 
specimen examined would consist of both a- and 3-forms, so that 
the specific rotations have only a qualitative significance, but, as 
is usually the case with methylated compounds possessing the 
glucose configuration, the activity was but little affected by the 
nature of the solvent. 


Solvent. 

c. 

M f ■ 

Water . 

4*875 

+78*S C 

Methyl alcohol .. 

5*609 

77-5 

Ethyl alcohol. 

5-316 

75-9 

Acetone ... 

5-103 

76*9 


Hydrolysis of Hexamethyl MetJiylghicoarabinoside, 

Preliminary experiments showed that the double hydrolytic 
change, of removing the glucosidie methyl group and liberating the 
two constituent aldoses was best effected by boiling a 5 per cent, 
solution of the above compound in 5 per cent, aqueous hydrochloric 
acid. This method was accordingly applied to 38 grams of the 
giucoside, boiling under reflux being continued until the rotation 
diminished to a constant value, which it did in thirty minutes. 
The acid was neutralised with barium carbonate, the filtered solu¬ 
tion evaporated to dryness under diminished pressure, and the resi¬ 
due extracted with boiling alcohol. After removal of the alcohol, 
the residual syrup was dissolved in hot acetone, the solution being 
again filtered and evaporated. The mixed sugars produced in the 
hydrolysis were obtained in this way as a pale yellow syrup, and 
were separated by fractionation at the Gaede pump. 

A definite first fraction, amounting to 40 per cent, of the total 
weight, was collected at 125°/0*5 mm. as a moderately mobile 
liquid, but the remainder of the material distilled only with the 
greatest difficulty, and presented the appearance of a glass. As 
much decomposition took place in the later stages of the distilla¬ 
tion, no attempt was made, after the first preliminary trial, to 
distil this product, heating being continued only until the first 
fraction had been removed. 

The more volatile sugar ^crystallised readily, and, after draining 
on porous porcelain and two recrystallisations from light petroleum, 
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was identified as butylene-oxidie tetramethyl glucose melting at 
85—87°. (Found : C = 50• 62; H = 8*41; OMe = 52 * 46. C 10 H 20 O G 
requires C = 50*85; H = S*47; OMe = 52*54 per cent.) 

Mutarotation in alcohol: Initial [a]|, 0 +104-9° —>■ Final 83-9°. 

Identification of Dimethyl Arabinose .—The less volatile sugar 
solidified on cooling to a glass, and no crystallising medium could 
be found for the compound, as it is very readily soluble in water 
or organic solvents, with the exception of light petroleum. It 
reduces Fehling's solution readily, and is thus a reducing sugar, 
but gave only syrupy products when treated with aniline, hydroxyl- 
amine, or with phenylhydrazine and acetic acid. In approximately 
5 per cent, solution, the compound was dextrorotatory: 


Solvent. [a]®”. 

Water . -1-57*7° 

Ethyl alcohol. 50*6 

Acetone.. 56*9 


Before determining the activity or the analytical composition, 
the compound was further purified from traces of tetramethyi 
glucose by solution in dry ether and the addition of light petroleum, 
after which the syrupy precipitate was dried in a high vacuum. 

The Jfiean of three consistent analyses showed that the sugar was 
neither the di- nor the tri-methyl glucose expected. 

Found: C = 47*63; H = 7*99; OMe = 35*28. 

Dimethyl arabinose: 

C 7 II I4 O f> requires 0 = 47-19; H = 7*86; OMe = 34*83 per cent. 

" Dimethyl glucose: 

C 8 H 16 Q 6 requires 0=46*13; H = 7-73; OMe = 29*8 per cent. 

Trimethyl glucose: 

C 0 H ls O 0 requires 0=48*63; H = 8*15; OMe=41-9 per cent. 

All the results, and more particularly the methoxyl content, 
point to the idea that the sugar is a dimethyl arabinose, but further 
identification was obtained by converting the compound into the 
corresponding methylpentoside by Fischer’s method. 

Dimethyl m.ethylarahinoside proved to be a colourless syrup 
(b, p. 120°Y0*1 mm., 1-4620) devoid of action on Fehling’s 
solutionUntil hydrolysed. 

Found: C = 50*38; H = 8*60; OMe = 48*9. 

C 8 H 1c 0 5 requires C = 5D*00; H = 8‘33; OMe = 48*5 per cent. 

Further confirmation of the composition of the parent sugar was 
obtained by subjecting the above pentoside to the silver oxide reac¬ 
tion, so as to produce trimethyl methylarabinoside, which was 

A A 2 
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isolated as a colourless; mobile liquid (b. p. 94—96°/0‘08 mm., 
1-4460). 

Found: C = 52*18; H = 8*S0; OMe = 60*l, 60-8. 

C g H ls 0 5 requires 0 = 52*42; H = 8*73; OMe=6Q*2 per cent. 

The whole series of analytical results thus consistently supports 
the view that all the compounds examined are derivatives of a 
pentose, and not of a hexose. Considering* their method of form¬ 
ation, they would consist of mixtures of a- and jS-forms, and con¬ 
sequently specific rotations need not be quoted, but the fact that 
in each case the compounds are strongly dextrorotatory justifies 
the opinion that they are derived from arabinose, and this is 
embodied in the nomenclature used. 


Trimethyl a-Methylglucoside and Trimethyl Glucme. 

The above compounds are already known, but were re-examined 
for reasons stated in the introduction. Both substances are viscid 
syrups and yield no crystalline derivatives, so that their identifica¬ 
tion rests chiefly on the determination of their specific rotations. 
Unfortunately, the values found by different observers show con¬ 
siderable variation, a fact which may be explained by the difficulty 
encountered in fractionating syrups of high boiling point under 
the vacua given by an ordinary water pump, and accordingly we 
conducted our final distillations under the highly diminished 
pressure of the Gaede pump. 

Fifty grams of a-methylglucoside were dissolved in methyl alcohol 
and methylated by means of silver oxide (150 grams) and methyl 
iodide (183 grams), exactly as described by Purdie and Bridgett 
(lac. cit.). After two alkylations, the product was isolated in the 
usual way and subjected to systematic fractionation, as a result of 
which 29*5 grams of pure material were obtained after six dis¬ 
tillations. The syrup boiled at 160—-161°/10 mm., showed 
% 1*4606, and gave [a]|f +134*6° in absolute alcohol, a value which 
is not far removed from the specific rotation quoted by Purdie and 
Irvine (T., 1903, S3, 1021). 

On hydrolysis with aqueous hydrochloric acid, the glucoside was 
converted into trimethyl glucose, the sugar being isolated in the 
'".customary manner, and purified by repeated' distillations, which 
were' 1 continued. after ■ : . satisfactory' analytical' figures ., ; . .were 
obtained. The final boiling point recorded was 152—155°/ 
0*02 imp., but the refractive indices and specific rotations shown 
by the product of different preparations fluctuated widely, although 
the parent glucoside employed was apparently identical. The 
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extent of this variation is shown in the two extreme cases quoted 
below. 

In the first preparation, the trimethyl methylglucoside used 
showed n D 1-4606 and [a]^ +134*6°' in methyl alcohol, whilst in 
the second the corresponding values were 1-4596 and 132*4. The 
trimethyl glucose obtained from these two sources showed: 

Preparation I. Preparation II. 

n t . 1-4780 1-4768 

[a]?, 0 " in water . -j-48-6° +60-7° 

[a]t. in methyl alcohol 48-3 65-3 

[a] u in acetone . 46*2 38-8 

In view of these results, there can be little doubt that the sugar 
and the glucoside from which it was prepared were mixtures of 
isomerides, and the identification of jSyg-trimethyl glucose must in 
the meantime depend on oxidation processes. 


Oxidation of Trimethyl Glucose. 

3*5 Grams of the sugar were dissolved in 50 c.c. of nitric acid 
(D 1*7)^ and the solution was heated to 80° in order to start the 
oxidation. Thereafter, the mixture was kept at 65° for three 
hours, then diluted with water, and evaporated to a syrup under 
diminished pressure. The process of dilution with water and sub¬ 
sequent evaporation was repeated four times, and was followed by 
three similar treatments, in which alcohol was used as the diluent. 
As the syrupy product darkened rapidly at 120°, no attempt was 
made to distil the compound, which was prepared for analysis by 
heating at 60°/0*3 mm. until constant in weight. Analysis showed 
the substance to be the monolactone of trimethylsaccharic acid. 

Found: 0 = 46*07.; H = 6*33; 0Me=37*2. 

C g H 14 0 7 requires 0=46*13; H = 6*02; OMe = 39*7 per cent. 

When dissolved in alcohol and rapidly titrated with A/TO-sodium 
hydroxide, the first neutralisation corresponded with the presence 
of one carboxyl group, and thereafter the compound behaved as 
a typical lactone on further titration. The lactonic structure was 
confirmed by. the fact that in absolute alcohol the specific rotation 
remained practically constant, but diminished to a permanent value 
when aqueous alcohol was used as solvent. 


Solvent. Initial Final [a],,. 

Absolute alcohol .. -f 41 * 5 ° .-j-43-0° in 48 hoars. 

50 per cent, alcohol.. 43-2 -> 24-0 
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L.—■ Catalytic Racemisation of Ethyl l-Mandelate. 

By Alex. McKenzie and Henry Wren. 

The work described in the present communication was suggested 
by the following observations which have been recorded in the 
literature dealing with the phenomenon of racemisation. 

(1) When an optically active ester is hydrolysed by alkali, it 
has frequently been found that the product is partly racexnised; 
for example, the specific rotatory power of the barium salt obtained 
by the action of aqueous barium hydroxide on ethyl Lphenyl- 
ethoxyacetate was only about one-half that of the optically pure 
salt (McKenzie, T., 1899, 75 , 759). Occasionally, the racemisa¬ 
tion is even complete; thus, when 7-mandelic acid was alkylated 
by a mixture of w-propyl iodide and silver oxide, the phenyiprop- 
oxyacetic acid isolated from the resulting ester was, contrary to 
expectation, optically inactive, a result which may now be 
attributed, in part at least, to the- action of the alcoholic alkali 
employed for the hydrolysis of the ester.* Another example is 
afforded by the more recent observation of Rupe and Kerkovius 
(Ber., 1912, 45, 1398), who obtained optically inactive ajS-diphenvl- 
propionic acid as a consequence of the action of alcoholic alkali on 
7-menthyl 7- ccjS-diphenylpropionat e. Moreover, McKenzie and Miss 
Widdows showed that the acid isolated from the product of the 
action of a very slight excess of dilute alcoholic potassium hydr¬ 
oxide on ethyl dbphenyl-p-tolylacetate was quite inactive. 

(2) The gradual racemisation of Z-mandelic acid when heated 

* References on the partial racemisation occurring during the action of 
alcoholic alkali on optically active esters are the following: McKenzie, T., 
1904, 85, 378, 1249 ; McKenzie and Thompson, T., 1905, 87, 1004, T., 1907, 
91, 789 ; McKenzie and Muller, T., 1907, 91, 1814 ; McKenzie and Humphries, 
T., 1909, 95, 1105 ; McKenzie and Widdows, T., 1915, 107, 702 ; Wren and 
Still, T\, 1915, 107, 1449 ; Wren and Williams, T., 1916, 109, 573 ; Wren, 
T., ISIS, 118, 210. 
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with alkali was first observed by Holleman (Bee. trav. t'him., 1898, 
17, 323), whose observations were extended by McKenzie (T., 
1904, 85, 385) and by McKenzie and Thomj^son (T., 1905, 87, 
1020). The contrast between the action of aqueous- and ethyl- 
alcoholic alkali on an optically active acid was studied by McKenzie 
and Bate (T., 1915, 107, 1681) in the case of Z-phenylanilinoacetic 
acid; the effect of the ethyl-alcoholic sodium hydroxide as com¬ 
pared with that of the aqueous alkali was very pronounced, the 
recovered acids having the values [a] D —4° and —109° respectively, 
whilst the pure acid used had [a] D —117 9° in acetone. 

(3) The contrast between the behaviour of Z-menthyl Z-mandelate 
towards aqueous- and ethyl-alcoholic alkali, respectively, as ex¬ 
amined by one of us (T., 1904, 85, 1256) is highly significant. 
The inandelic acid recovered when the hydrolysis was carried out 
at 100° with the calculated quantity of aqueous alkali gave the 
value [oc] D —126*4° in aqueous solution, whereas with the calcu¬ 
lated quantity of alcoholic potassium hydroxide at 25° the 
recovered acid had a much lower value, namely, [a] D — 3G'3°. It 
was clear from these results, and also from others (for example, in 
the case of phenyl-p-tolylacetic acid), that there is more liability 
for racemisation occurring during the hydrolysis of. esters by 
alcoholic alkali than by the action of alkali of the free acid. The 
important inference may be drawn that the active agent in pro¬ 
moting racemisation during the hydrolysis of an optically active 
ester by alcoholic alkali is the alkyloxide rather than the hydroxide. 

(4) In the course of their examination of the action of alkali on 
the diastereoisomerie Z-menthyl phenyl-p-tolylacetates, McKenzie 
and Miss Widdows have pointed out that, when the ester of the 
fZ-acid was boiled for more than an hour with a slight excess of 
alcoholic potassium hydroxide, the hydrolysis was incomplete. The 
ester recovered from this action had, however, the value [a] p -54*7° 
in acetone, whereas the pure ester with which the experiment was 
conducted had [a] D — 53°. Small as is the difference between these 
values, the conclusion that the original ester had undergone partial 
racemisation was justified. Here the racemisation causes an eleva¬ 
tion of the optical rotatory power, inasmuch as the nienthyl group 
in the ester is optically stable towards alkali. This observation 
is, so far as we are aware, the first example recorded of the catalytic 
racemisation of an optically active ester by alcoholic alkali. The 
partial conversion of Z-menthyl Z-diphenykmccinate into Z-menthyl 
Mesodiphenylsuecinate, as observed by Wren and Still, has also a 
bearing on the same problem. 

Extending the observations of Wren and Still (T., 1917, 111, 
1019) on the formation of ethyl mesodiphenylsuccinate during the 
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action of aqueous-alcoholic potassium hydroxide on ethyl 
r-diphenylsuccinate. Wren (T., 1918, 118, 210) hydrolysed ethyl 
/'/-dipheiiylsuccinate with a deficiency of aqueous ethyl-alcoholic 
potassium hydroxide, and found that the non-hydrolysed portion 
consisted practically entirely of the ?tie$o-e ster. The following 
result was described in the same paper. Methyl rZ-phenylsuccinate 
was treated with potassium hydroxide dissolved in slightly aqueous 
methyl alcohol in quantity insufficient for complete hydrolysis, 
and the non-hydrolysed portion was separated; this was found to 
be almost completely raeemised. Wren’s suggestion .that the 
racemisation of methyl dhphenylsuccinate by sodium methoxide 
may be du© to the formation of an unstable intermediate complex 
involves the substitution of a hydrogeu atom by a sodium atom, 
thus:. 


CO a Me 0<° C0 2 Me C0 2 M© 

Ph-A-H -» Ph ^ X ° Na ^±Ph-C-H + H-C-Ph 

CH 9 *C0 2 Me CH 2 *C0 2 Me CH g »CO g Me UH 2 -CQ 2 Me 

(Active.) (Inactive.) (Inactive.) 

On the other hand, the interpretation of the mechanism of the 
racemisation of phenyl-p-tolylacetic acid by alkali, as suggested 
by McKenzie and Miss Widdows, is different from the above, 
inasmuch as it is implied that the change, 


c w h 5>c< h 

c 7 ha^co 2 h 


O c H 

c 7 h 


5 >c:c< 


OH 

OH’ 


is not the first phase of the action, but that, in virtue of the 
reactivity of the carbonyl group, addition of the alkali first takes 
place, and the molecular rearrangement then occurs in the additive 
compound so formed, thus: 


c « H 5>c<r H 

C 7 eA^C0 9 H 


C-H. 


(Active.) 


.^"^C-OH 

■ ■ IV 

o 

A 

KOH 

(Active.) 


C 6 H 6 v> 0 . r<r OH 

KOH 

(Inactive.) 


Aw >C< C0 K +H ! 


o 7 h 7 - 


(Inactive.) 


This speculation, which implies that an additive compound is 
produced during the neutralisation of an organic acid by an alkali. 
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Ordinary Scientific Meeting, Thursday, June 5th, 1919, at 
8 p.m., Sir James J. Dobbie, D.Sc., F.E.S., President, in the 
Chair. 

The President referred to the loss sustained by the Society 
through the death of the following Fellows: 

Elected . 

Thomas Fairley ... May 18th, 1865 

James Baird MacLachlan.. May 4th, 1916. 

Sir Boverton Redwood, Bart. Jan. 18th, 1866 

Messrs. 8. J. Hopkins, G-. A. B. Kon, F. T. Stevenson, N. Singer, 
and H. G. Tribley were formally admitted as Fellows of the 
Chemical Society. 


Died. 
Feb. 21st. 
May 25th. 
June 4th. 


Certificates for election were read for the first time in favour of : 


William Barnes, 29, Conway Road, Luton. 

Frank Leslie Barrett, 46, Grantham Road, Horton, Bradford. 

Harold Ward Dudley, 10, Lanark Mansions, Maida Vale, W.0. 

Herbert William Gorbold, 45, Falmouth Avenue, Highams Park, E.4. 
Sampson Manson Hing, Y.M.C.A., Tottenham Court Road, W.l. 

Clive Newcomb, B.A„ M.B., B.Ch., 48, Leigham Court Road, Streatham, 
S.W.16. 

Isaac SHar, 29, Clark Street, Stepney, E„L " 

Cohn Everett Spearing, Winslade, Eversfield Road, Reigate.' 

Ernest Edward Wallen, 8, Glade Street. Bolton. 

Arthur' Charles .Vincent Weston, 24, Beisize Park Gardens, Hampstead, 


Harold Bishop, Williams, 6, Hamlet Road, Upper Norwood, S.E.19- 
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The following papers were read: 

“ An isotonic (isosmotic) apparatus for comparing molecular 
weights. Part I.” By P. Blackman. 

The ‘ active substance' 1 in the iodination of phenols. By Y. 
Cofman. 

“ The chemistry of the glutaconic acids. Part XT. The occur¬ 
rence of 1:3-addition to the normal form.” By J. F. Thorpe. 
“The formation and reactions of imino-compounds. Part XIX. 
The chemistry of the cyanoacetamide and Guaresehi condensa¬ 
tions.” By G. A. It. Kon and J. F. Thorpe. 


Ordinary Scientific Meeting, Thursday, June 19th, 1919, at 
8 p.rn., Sir James J. Dobbie, D.Sc., F.R.S., President, in the 
Chair. 

The President referred to the loss sustained by the Society, 
through death, of the following Fellows: 

Elected. Died. 

Samuel Godfrey Hall .. Feb. 16th, 3S99. June 9th. 

Walter Parker.. Feb. 5th, 1917. April 15th, 

James Fleming Stark. Dec. loth, 1870. June 13th. 

It was announced that a communication had been received from 
the Committee of the Van’t Hofi Fund for the endowment of 
research in pure and applied chemistry. The amount from this 
fund available for distribution during 1920 is about .£140. 

A Committee, consisting of Professor A. F. Holleman (Presi¬ 
dent), Professor S. Hoogewerff, Professor A. Smits, and Professor 
E, H, Buchner (Secretary), has been appointed to award grants. 
Applications should he sent before November 1st, 1919, by regis¬ 
tered post, to “ Piet Bestuur der Koninkhlyke Akademie van 
'Wetenschappen: bestemd voor deCommissie van bet ‘Van’t II off- 
fends 1 Trippenhuis, Kloveniersburgwal, te Amsterdam.” Every 
.applicant is requested to submit a detailed account of the manner 
in which he proposes to expend the grant and to state the reasons 
for which he makes his application. 

Papers embodying the results of the research may be published 
in any journal, but acknowledgment must be made of the source 
of the grant. Copies of papers containing the results of the 
research must be forwarded to the Coihmittee. 
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Certificates were read for the first time in favour of: 

Lawrence Eversley Campbell, B.Sc., 5, St. Matthew’s Avenue, Surbiton. 
Alan Ernest Gardiner, 21, Chestnut Road, W. Norwood, S.E.27. 

Robert Grant, 24, Edward Street, Woollalua. 

John Knaggs, B.Sc., South Street, Bridlington. ■ 

Charles Rose, B.Sc., 603, Chorley New Road, Horwieh. 


Certificates have been authorised by the Council for presentation 
to ballot under Bye-law I (3) in favour of: 

Douglas Coghill, Kuala Lumpur, F.M.S. 

Charles Edward Simithraaratchy, B.So., Trinity College, Kandy, Ceylon. 


Messrs. H. E. Annett and A. J. Chapman were elected 
Scrutators, and a ballot for the election of Fellows was held. The 
following were subsequently declared duly elected as Fellows: 


Donald Bagley. 

Edgar Beard, B.Sc. 

Wilfrid Andrews Bell. 

Allred Randolph Campbell. 
Algernon George Crossley, 

Ananda Kishore Das, M.A., B.So. 
Manik Lai Dey, M.Sc. 

Philip Drinker, B.S. 

John Mouson Errington. 

Archibald Wooster Frame. 

John William Gardom. 

Robert Stephen Glennie. 

Cecil Godfrey. 

Sidney Herbert Hadfield. 

Harry Harper, B.Sc. 

Herbert Hollings Jacques, B.Sc. 
Louis Charles Kemp. 

Herbert Joseph Seymour King, B.Sc. 
Cyril Henry Stanley Kipping, M.A. 
Morvan Lapworth, B.Sc. 

Alexander Douglas MaeaUum, B.A. 
Ernest Neil Macallum. 


Denis Madden. 

Owen Leonard Maund. 

Brian Mead. 

Rustom Jeejeebhoy Mistri. 

Charles Jean Stanislas Van Over- 
straeten. , 

Arthur Pinkerton. 

Sidney Owen Rawling, B.Sc. 

John David Smith. 

Sidney Albert Lewis Smith. 

Cyril Richard William Stephenson, 
M.Sc. 

Arnold Teichfeld. 

Harold Toms. 

Dudley Cloete Vining. 

Edward John Wall. 

William Wardlaw, M.Sc. 

Ernest Edward Whale, B.Sc. 

David Wingate. 

Arthur Samuel Wood, B.Sc. 

Thomas Thorne Wood. 

George Ernest Yarrow, B.Sc. 


The meeting was then .adjourned and the Informal Meeting 
declared open.,; . 
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THE LIBRARY. 

The Library will be closed for Stocktaking from Monday, 
August 11th, until Saturday, August 23rd, 1919, inclusive. 


LIST OP FELLOWS, 1919. 

The List of Fellows for 1919 is now in active preparation, and 
changes of address received after July 31st cannot be included 
in it. 

In order that the new list may be as complete as possible, those 
Fellows whose degrees and Christian names do not appear in full are 
requested to communicate them to the Assistant Secretary. 


ADDITIONS TO THE LIBRARY. 

I. Donations. 

Attack, Frederick William, and Whin yates, Leonard 
[Editors]. The Chemists’Year Book, 1918—19. 2 vols. London 

1919. pp. 1146. 15s.net. ( Reference.) 

From the Publishers: Messrs. Sherratt and Hughes. 

Findlay, Alexander. Osmotic pressure. 2nd edition. London 
1919. pp. xi + 116. ill. 6s. net. (Reed, 3/6/19.) 

From the Publishers: Messrs. Longmans. Green and Co. 

Richardson, Clifford. Papers on asphalt and asphalt pave¬ 
ments. (Together with one by E. C. Pailler on The differentia¬ 
tion of natural and oil asphalt.) 1912—1917. ( Reference.) 

From the Author.. 

Benter, George. Outlines of physical chemistry. 7th edition. 
London 1919. pp. xx+432. ill. 6s.net. (Reed. 13/6/19.) 

From the Author. 

——A text-book of inorganic chemistry. 5th edition. London 
1919. pp. x+621. ill. 7s. 6^. net. (Reed. 13/6/19.) 

From the Author. 

II. By Purchase. 

Abraham, Herbert. Asphalts and allied substances: their 
occurrence, modes of production, uses in the arts and methods of 
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testing. New York 1918. pp. xxv + 606. ill. 25.?. net. (Reed. 
27/5/19.) 

Beilstein’s Handsuch der Organischen Chemie. Heraus- 
gegeben von der Deutschen Chemischen Gesellschaft, bearbeitet 
von Bernhard Prager und Paul Jacobsen. Vol. I. Acyclische 
Kohlenwasserstoffe, Oxy- und Oxo-Verbindungen. 4th. edition. 
Berlin 1918. pp. xxxv + 983. (Two copies.) 

Brachvogel, John K. Industrial alcohol, its manufacture and 
uses. Based on Dr. Max Maercker’s “Introduction to distilla¬ 
tion.” With special chapters by Charles J. Thatcher. New 
York 1907. pp. xii + 516. ill. 18a. net. (Reed. 21/5/19.) 

Lewes, Vivian Beam. The carbonisation of coal. A scientific 
review of the formation, composition and destructive distillation of 
coal for gas, coke and by-products. With au addition on recent 
developments by Alfred Broadhead Searle. London 1918. pp. 
xiv + 287. ill. 12s. Qd. net. (Reed, 6/6/19.) 

Oil, Paint and Drug Reporter. Vol. 95, etc. New York 
1919+. (Reference.) 

Parry, Ernest John. The chemistry of essential oils and 
artificial perfumes. Vol. 2. 3rd edition. London 1919. pp. 
[viii] + 344, ill. 17s. 6d, net, (Reed. 16/6/19.) 

Smith, G. Carlton. Trinitrotoluenes and mono- and di-nitro- 
toluenes: their manufacture and properties. London 1918. pp. 
vii + 133. 8s. 6d. net. (Reed. 15/5/19.) 

Trotman, Samuel Russell, and Thorp, E. L. The principles 
of bleaching and finishing of cotton. 2nd edition, revised. 
London 1918. pp. xii + 347. ill. 21s. net. (Reed. 14/5/19.) 

Van Nostrand’s Chemical Annual. A handbook of useful data 
for analytical, manufacturing, and investigating chemists, chemical 
engineers, and students. Fourth issue, 1918. Edited by John 
C. Olsen and Maximilian P. Matthias. London 1918. pp. 
xviii + 778. 15s. net. (Reference.) 

III. Pamphlets. 

Reilly, Joseph. Industrial alcohol. Lecture delivered before 
the Royal Dublin Society, 19th Feb., 1919. Dublin 1919. pp. 36. 

Scientific and Industrial Research, Department of. First 
report of the Mine Rescue Research Committee. London 1918. 
pp, '55. , ill* ■' 

Stans field, Alfred, The commercial feasibility of the electric 
smelting of iron ores in B.C. (Bull. No, 2, Brit. Columbia, Dept, 
of Mines.) Victoria 1919, pp. 95. ■■ 

Stewart, Alan West. ' The Crismer test for the' detection of 
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foreign fat in butter, lard, &e. (From the J. State Med,, 1918, 
26.) 

Stores, Marie C., and Wheeler, Richard Vernon. Mono¬ 
graph. on the constitution of coal. (Based on a paper read before 
the London section of the Society of Chemical Industry.) London 
1918. pp. 58. ill. 

Tilben, Sir William Augustus. Books on chemistry. (Bir¬ 
mingham Reference Library Lectures,) London [1887]. pp. 
55+ii. 

Washington, Henry S. Italian leucitic lavas as a source of 
potash. (From Met. and Ghem. Engineering , 1918, 18.) 

White, Alfred H., and Rue, John D. Methyl alcohol and 
acetone as by-products of the soda pulp industry. (From Paper, 
1917, 19.) 

Williamson, E. D. The effect of strain on heterogeneous equil¬ 
ibrium. (From the Physical Rev., 1917, 10.) 
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lias an augmented interest when viewed in relationship with the 
recent work of Delm and Miss Merling (J. Amer. Chew. Soc., 
1917, 39, 2646). Those authors claim to have prepared a number 
of compounds of potassium hydroxide with various organic acids, 
the addition having been conducted in the presence of anhydrous 
ether. Thus with benzoic acid a compound was isolated which, on 
analysis, gave figures corresponding with the formula 
(C g H 5 *CO,H) 2 ,KOH, 

the scheme adduced being the following: 

2C,E-CO.H + 2KOH C,H,*G—0~C*C«H r —> 

’ /\ IS J 

OH OH O 

0 6 H 8 *C-0-0-C 6 H, 2C 6 H 5 -C0 2 K + 2H 2 0 

OH^H OH^OK 

According to the same authors, compounds of potassium hydr¬ 
oxide with various esters can exist as definite entities, for example, 
the description of a compound consisting of molecular quantities 
of ethyl salicylate and potassium hydroxide is cited. 

With those data at our disposal, we considered it desirable that 
an examination should be made in some detail of the behaviour 
on hydrolysis of an ester of an optically active monobasic acid of 
the type R*CH(0H)*C0 2 H, possessing a simple structure and with 
a high optical rotatory power. For this purpose, ethyl /-mandelate, 
which has [a] B — 200'2° in carbon disulphide solution, was selected. 

First of all, the behaviour of Z-mandelic acid towards potassium 
hydroxide in aqueous- and ethyl-alcoholic solutions, respectively, 
was examined under varied conditions of concentration and 
temperature. From the results recorded in table I (see experi¬ 
mental part), it was clear that aqueous alkali in the concentrations 
employed had only a very slight racemising action, even if used 
in considerable excess and at elevated temperature; moreover, 
alcoholic alkali caused racemisation, which was only slight at the 
ordinary temperature, but was pronounced when the alkali was in 
considerable excess at 70*5°. 

The complete hydrolysis of ethyl f-mandelate was next studied, 
the great difference in the extent of the racemisation when effected 
by alcoholic alkali as contrasted with aqueous alkali being clearly 
indicated (see table II). 

The partial hydrolysis of the ester was next examined, and the 
rotation taken of the nan-hydrolysed ester and of the mandelic acid 
resulting from the potassium salt formed. It appeared that the 
racemisation of the ester was more pronounced than that of the 

A A* 
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acid, and the conclusion was reached that the ester was catalytic- 
ally raeemised. The specific rotatory power of the pure ester used 
was, as already stated, [o] D —200'2° in carbon disulphide solution. 
In four separate experiments conducted with alcoholic alkali under 
different conditions, the ester which had escaped hydrolysis and 
was recovered gave the values [a] D — 122T°, —105-7°, —91*5°, and 
— 79'5° respectively. Moreover, the effect was more noticeable at 
higher than at lower temperatures, and it was more extensive in 
alcoholic than in aqueous solutions; curiously enough, it was more 
marked with dilute than with concentrated alkali (see table III). 
The latter observation is interesting and worthy of further in¬ 
vestigation; a satisfactory interpretation would doubtless be 
arrived at by a comparison of the velocity of hydrolysis with the 
velocity of racemisation in alcoholic solutions of varying con¬ 
centrations. 

Finally, ethyl f-mandelate was hydrolysed by a moderate excess 
of alcoholic alkali, and the optical rotatory power of the non- 
hydrolysed ester and of the mandelic acid obtained from the 
potassium salt was examined at different stages of the hydrolysis. 
The recovered ester gave the values [a] D —162*8°, —120-2°, and 
-69*6° respectively in carbon disulphide. As we anticipated, the 
first portions of the ester to be hydrolysed gave a highly active 
acid, and the activity of the non-hydrolysed ester always lagged 
behind that of the acid formed (see table V). 

The fact is accordingly established that the action of aqueous 
alkali on ethyl Z-mandelate under the conditions quoted in the 
experimental part is accompanied with very slight racemisation, 
whereas with alcoholic alkali under similar conditions the race¬ 
misation is pronounced. The mechanism of these two actions must 
obviously be different, and we suggest that with aqueous alkali 
the following stages may occur: 

OH OH OH 

' Pk T H ( + KOH) (-EtOH) Ph T H 

O-OEt C-OEt UO.K 

II /\ 

O OK OH 

; (Lsbvo.J (Lsevo.) ■ (Lscvo.) 

Ir the additive compound depicted is formed as an intermediate 
phase, its existence is presumably only transient, the velocity of 
its formation being measurably: slow as compared with the velocity 
of its decomposition, which we would suppose to be immeasurably 
fast. There does not appear to be anything in such an assumption 
which is opposed either to the bimolecular nature of ester-hydro- 
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lysis or to the view held by some chemists that ionisation is the 
final effect instead of the initial cause of chemical reactions, and 
that association may precede ionisation even in aqueous solutions. 
A simple interpretation of this kind is not novel, recalling as it 
does the views advanced, for example, by H. E. Armstrong and 
Watson (Proc. Roy. Soc ., 1907, [A], 79, 579) with reference to 
the hydrolysis of methyl acetate by hydrochloric acid and nitric 
acid in the presence of certain salts. Whilst it is admitted by 
these authors that the hydrated acid is the effective hydrolyst, the 
assumption is made that water acts alone and attaches itself to the 
carbonyl group of the ester, thus: 

CHg'O’O'CHg + OH, —> CH 3 -OOCH 3 —^ CH.-CO.H + CH 3 *OH. 

!! ' /\ 

O OH OH 

On the basis of their results on the retarding effects of the 
inorganic salts on the velocity of hydrolysis, the same authors go 
so far as to assume that the salts actually enter into association 
with the ester, and consequently hinder to some extent the associa¬ 
tion of ester and hydrolyst. 

Now, on the representation suggested above, ethyl alcohol 
separates from the additive compound in such a manner that the 
asymmetry of the molecule is still preserved, the elimination being 
effected from groups which are not directly attached to the asym¬ 
metric carbon atom. If the change proceeded entirely according 
to this scheme, the mandelic acid resulting from the potassium 
salt should be the pure kevorotatory enantiomorph. In practice, 
however, the product is always racemised, although only slightly, 
and this is to be attributed mainly to the presence of a trace of 
potassium ethoxide formed from the alcohol eliminated. Although 
the equilibrated condition, KOH -j- C»II 5 *OH ^ KO*C 2 H 5 + H a O, 
does not appear to have received the attention which its import* 
ance deserves, it is nevertheless certain that the quantity of 
ethoxide present during the hydrolysis of ethyl Z-mandelate by 
aqueous alkali under the conditions examined by us can only be 
extremely small, sufficient, however, to induce the slight racemisa- 
tion which is invariably observed. If it were feasible to select 
experimental conditions, of such an order that the ethyl alcohol 
would at the moment of its formation be removed from the sphere 
of action without being acted on by the potassium hydroxide, it 
should be- possible to obtain the pure 7-mandelic acid quite un- 
racemised as the product of the action of the calculated ainount of 
aqueous alkali on the ester. It has, however, to be recognised that 
under certain conditions racemisation can occur even when alcohol 
is absent. .• » 


A A* 2 
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On the other hand, since alcoholic potassium hydroxide contains 
potassium ethoxide, the more pronounced racemisation effects noted 
with alcoholic alkali are to be attributed to this factor. Here we 
suppose that the first phase of the action is an additive one, and 
that the formation of an unsaturated, unstable complex, occurs 
after the additive compound has been formed thus: 


OH 

Ph-U-H 

(J-OEt 

!! 

o 

(Loevo.) 


(+ EtOK) 


OH 

Ph-U-H , 

! t ' 
OOEt 

OK^OEfc 

(Laevo.) 


EtOH.) 


OH 

Ph-0 

ii 

0 

/\ 

OK OEt 

(Inactive.) 


(+H.O) • 


OH 

■ Ph-U-H (- 
C-OH 

OK^OEt 

(Inactive.) 


KGH) 


OH OH 

Ph-U-H + H-C-Ph 


C-OEt 

H 

0 

(Inactive.) 


U~OEt 

i.i 

O 


According to this picture, the asymmetry of the molecule is 
destroyed at the stage where the alcohol is eliminated, the ethoxide 
accordingly causing complete racemisation. A logical deduction 
would be that it should be possible to effect the complete racemisa- 
tion of ethyl 1-mandelate with potassium ethoxide if the experi¬ 
mental conditions could be so adjusted as to prevent the admission 
of potassium hydroxide into the system. 

Wren’s observations (T., 1918, 113, 215) on the action of 
aqueous-alcoholic alkali on methyl tf-phenylsuccinate are in 
harmony with the above views. With the gradual addition of 
water to alcoholic alkali, the amount of hydroxide will increase, 
whilst the amount of alkyloxide will diminish. Wren’s results 
show clearly that the addition of water tends to check racemisation 
to a remarkable extent. 

The fact that, when ethyl 7-mandelate is hydrolysed by a 
quantity of alcoholic potassium hydroxide insufficient for complete 
hydrolysis the residual ester is partly racemised, would accordingly 
be interpreted in the following fashion. A portion of the pure 
ester is unattacked, whilst another portion is completely racemised 
by the potassium ethoxide; the ester which escapes being hydro¬ 
lysed would, therefore, consist of a mixture of d- and /-esters con¬ 
taining an excess of the latter. 

On the other hand, the. following distinct reactions appear to 
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take place in the hydrolysis of ethyl Z-mandelate by the calculated 
amount of alcoholic potassium hydroxide: 

(1) The action of the aqueous potassium hydroxide present, lead¬ 
ing to the formation of potassium /-mandelate practically un- 
racemised. 

(2) The catalytic total raeemisation of the /-ester by potassium 
ethoxide, leading to the formation of r/Z- ester. 

(3) The hydrolysis of this d/-ester by potassium hydroxide, lead¬ 
ing to the formation of potassium dZ-mandelate. 

The resulting mandelic acid would therefore consist of a mixture 
of the r- and /-acids. 

The results recorded in this paper are possibly of some import¬ 
ance as having a bearing oil the general question of the mechanism 
of the hydrolysis of esters by alcoholic alkali. Let the case be 
considered where an ester like ethyl acetate, which does not possess 
an asymmetric carbon atom, is hydrolysed by an amount of 
alcoholic alkali insufficient for its complete hydrolysis. The non- 
hydrolysed ester could easily be removed, and found to be identical 
in every particular with the original ester. In the light of our 
experience, however, the conclusion would not be justified that this 
recovered ester was really entirely unattached while the hydrolysis 
was actually in progress. 

Experimental. 

Action- of - Potam-mn- Hydroxide on l-Mandtlic. Acid. 

The acid was prepared from amygdalin, and had [«] D •— 154*4° 
for c== 3*3215 in aqueous solution. It was heated under various 
conditions with an excess of potassium, hydroxide dissolved in water 
or in ethyl alcohol. The product was finally poured into an excess 
of water, acidified by mineral acid, and extracted with ether. The 
specific rotatory power of the acid recovered from each solution 
was determined with water as the solvent. 

Table I. 

0*38 Gram of acid was taken in each experiment. 

Alkali. Conditions. [a],* of recovered acid - 


30 c.c 

. aqueous (0*93A) 

..... 7 days at ord. temp. 

-151-0° 

(c — l*14) 

, 

„ „ 

.... 13 hours at 70*5° 

.127*4 

(e —1*42) 

30 c.c 

. alcoholic (G-93A) . 

.... . 7 days at ord. temp. 

: 146*8 

(c ~ 0- 80) 



.... 13 horn's at 70-5° 

5t*2 

(c —1*70) 

30 c.c 

. aqueous (01105A) 

... 15 days at ord. temp. 

l ■ 152*3 

(r —1*3) 


■ „ 

.... 20 hours at 70-5° . 

• • 148*6 

(c--1-70) 

30 cA 

, alcoholic (0-1105A) 

... 15 days at ord. temp, 

,,, 20 hours at 70*5° 

■ 151*7 

(c=~ 1*52) 

»> 

14-5*5 

{c=l*19) 
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For the neutralisation of 0-38 gram of acid, 22'6 e.c. of 
0T105iT-alkali arg required. When a slight excess of alkali of this 
concentration was employed, there was still racemisation; the effect 
of raising the temperature is, however, clearly indicated, as also 
is the greater racemising effect of the alcoholic as contrasted with 
the aqueous alkali. The effects of the jnore concentrated alkali 
(0- 33T) were more pronounced. Although the value —146'6° 
obtained from the third experiment quoted in the above table is 
not far removed from that of the optically pure /-mandelic acid, 
the racemisation which occurred when the alcoholic solution was 
kept at the ordinary temperature and submitted to polarimetric 
examination at intervals was observed quite clearly, the a D falling 
from —1-21° to —TQ8° (Z = l) after seven days. At 70*5°, the 
initial value for was —2-42° (Z = 2); after one hour % was 
— 2T5°, and after three hours —1*92°, whilst the acid recovered 
after the action had proceeded for thirteen hours had a value so 
low as [a] D —61-2°. It must, of course, be noted that the alkali 
in this experiment was present in considerable excess. On the 
other hand, with aqueous alkali (0*93iV), the initial value for a D 
was — 2*89° (J~‘2) ; after three hours &t 70-5°, the value had fallen 
to — 2*80°, and after thirteen hours to — 2*45°, whilst the recovered 
acid had [a] 0 —127*4° after the action had been in progress for 
thirteen, hours. ' 

With regard to the conditions, the experiments quoted in the 
fable are strictly comparable, as they were performed 
simultaneously. 

Comjdete Hydrolysis of Ethyl 1 -Mamlelate by "Hotamum 
Hydroxide . 

The ester was prepared by esterifying the acid with ethyl alcohol 
and sulphuric acid. Its rotation was determined in carbon 
disulphide:' 

1 = 2, e = 2*0155, — S’07°, [a]»-200*2°. 

This value is higher than that quoted by Walden (Zcitsch. physikal. 
Chew., 1895, 17, 708), who gives [a] D -180° in carbon disulphide 
for c=2*5. 
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Table II. 


Ester, 


Alkali 


[«],. of 

grams. 

Alkali. 

required. 

Conditions. 

recovered acid. 

0-697 

35-5 c.c. alcoholic 

35-0 c.c. 

3 days at ord. temp. 

-86*0° (c = l*9) 


(O-IIOSA). 


0-697 

35-5 e.c. alcoholic 


6 hours at 70? 

74-5 (s= 2*32) 


(0-1105JV). 



0-7S9 

80 c.c. alcoholic 

39-6 

5 days at ord. temp. 

93*7 (c = 2*05) 


(Q*.11051V). 


0-789 

SO c.c. alcoholic 


6 horns at 70® 

80*6 (c = 2-62) 


(O-llOoiV). 



1-0639 

0-6 c.c. alcoholic 
(0-93A7). 

6-35 

20 hours at ord. temp. 

112-4 (c —3-16) 

1-0639 

6-6 c.c. alcoholic 


3 hours at 70° 

105-1 (c = 3-07) 


(0-93IV). 



0*721 

10 c.c. alcoholic 

4-3 

2 days at ord, temp. 

118-4 (c— 2-05) 


(0-93JV). 


2-0516 

10 c.c. alcoholic 

5*2 

hours at ord. temp. 

124-1 (c = 2-14) 


(2-18AT). 


0*5192 

27 c.c. aqueous 
(0*1105^). 

26*1 

4 days at ord. temp. 

149*4 (c= 1-8) 

0*5893 

30-5 c.c. aqueous 

29*6 

6 hours at 70° 

152*2 (c =1*93} 


(0-11051V). 



0-9408 

6 e.c. aqueous 

5*6 

1 day at ord, temp. 

147*3 (c —2-99) 


(0-93A). 


0*9008 

5*8 c.c. aqueous 

5*4 

4 hours at 70° 

146*5 (c = 3*24) 


(0-931V). 



0-6785 

8-1 c.c. aqueous 

4*0 

2| hours at 70° 

144*8 (c —2*06) 


(0-93 N). 




Experiments with excess of hot concentrated alcoholic alkali 
were not performed, since the product w T ould have been appreciably 
racemised by the alkali after the completion of the hydrolysis, and 
the value for the specific rotation would have varied according to 
the duration of heating. 

Our thanks are due to Mr. Henry Wood, who in 1906 carried 
out the following experiments with the methyl and propyl esters 
of J-mandelic acid. A mixture of 3 grams of methyl 7-mandelate 
and 50 c.c. of an aqueous solution of potassium hydroxide (IT 14 
grams, calculated 1'014 grams) was maintained at the ordinary 
temperature for seven days. The add obtained gave the value 
[aJjj —153*9° for c — T99. An experiment conducted under similar 
conditions with 3 grams of the. ester and 48*5 c.c. of alcoholic 
potassium hydroxide (1*016 grams) gave an acid with [a] D —115‘9°. 
These results showed the difference between the behaviour of 
aqueous and alcoholic alkali. When propyl-7-mandelate was 
hydrolysed with a slight excess of aqueous alkali at the ordinary 
temperature, the acid recovered gave the value [a]^ —149*4 °; the 
behaviour of this ester towards alcoholic alkali was not examined 
at the time. 
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Partial Hydrolysis of Ethyl \-Mand elate. 

(1) With Ethyl-alcoholic Potassium Hydroxide (0T105j.V).— 

Ester, 3-7273 grams; 94 c.c. of alkali (calculated 187*3 c.c.). The 
solution was divided into two equal parts: (a) At the ordinary 
temperature for forty-eight hours. —The alcohol was removed from 
the neutral solution by evaporation, the residue added to water, 
and the non-hydrolysed ester extracted with ether and dried; its 
rotation determined in carbon disulphide solution was [a] D —105‘7° 
for c = 2-19. The inandelic acid was obtained from the potassium 
salt in the usual manner, and its rotation determined in aqueous 
solution was [a] D —119'9° for e = 3*03. (b) At 70° for four hours.— 
Recovered ester, [a] D —79'5° for c = 4*69; acid, [a] D —110*9° for 
c —3-57. " ' ' ' " 

(2) With Ethyl-alcoholic Potassium Hydroxide (O' 937V).—Ester, 

3*4.658 grams; 10 c.c. of alkali (calculated 20*7 c.c.). The solu¬ 
tion was divided into two equal parts: (a) At the ordinary 
temperature for twenty-four hours. —Recovered ester, [a] D —122-1° 
for c=3*15; acid, [ajj, — 13T3° for c=3*37. (b) At 70° for six 

hours. —Recovered ester, [a] D — 91-5° for c—2T3; acid, 
[*] D -122-1° for c = 2-31. ’ 

(3) With Aqueous Potassium Hydroxide (0-937V).—Ester, 
3-4156 grams; 10 c.c. of alkali (calculated 20*4 c.c.). At the 
ordinary temperature for three days.— Recovered ester, 
[a] B -181 - 8° for c = 4-82; acid, [a] D —152*2° for c = 2*Q2. 

These results are contrasted in the following table. 


Table III. 


Alkali. 

t: 

Ester 
hydro¬ 
lysed, 
per cent. 

[«]<> of 
residual 
ester. 

[«3,>. of 
acid. 

Race- 
misation 
of ester, 
per cent. 

Race* 
misation 
of acid, 
per cent. 

Alcoholic 0’11057V 

Ord. 

50-2 

-105-7° 

-119-9° 

47-2 

22-3 

Alcoholic 0-93JV 

70° 

M ' 

79-5 

110-9 

60-3 

28-2 

Ord. 

48-3 

123-1 

131-3 

39-0 

15-0 


70° 

■ 

91-5 

122-1 

54-3 

20-9 

Aqueous, 0-93iV .. 

Ord. 

49-0 

181-8 

152-2 

9-2 

1-4 


Examination at Different Stages during the Complete Hydrolysis 
of Ethyl \-Mandelate by Alcoholic Alkali. 

The ethyl-alcoholic potassium hydroxide used was 0‘2027V. Six 
grams of the ester were dissolved rapidly at the ordinary tempera¬ 
ture by shaking with 205 c.c. of alkali (calculated 165 c.c.). At 
intervals, 50 c.c, of the solution were withdrawn and rim into a 
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slight excess of standard sulphuric acid, the solution being then 
titrated with, standard alkali. In each case, the alcohol was 
removed by heating, and the ester and mandelic acid in the residue 
were separated as usual. 


Interval. 

Solution 

withdrawn. 

Table IY. 

Sulphuric acid, 
<>•998AD 

0-202A 7 -alkali required 
for excess of acid. 

7 minutes 

50 c.c. 

10 c.c. 

11*0 c.c. 

25 „ 

,, 


23-0 „ 

65 ,, 

,, 


33*9 

1269 

„ 

„ 

40*1 ., 


In table V, the specific rotatory power of the mandelic acid was 
determined in ethyl-alcoholic solution, the acid from which the 
ethyl bmandelate was prepared having [a] D -152° for c~ 1-671 in 
ethyl alcohol. 


Table V. 


Ester 

hydro¬ 

Mo of 


Ester 

Acid 

lysed, 

ester 

racemised, 

racemised, 

Fraction, per cent. 

recovered. 

[a] D of acid. 

per cent. 

per cent. 

1 28 

~162*8°(c = 2*45) 

— 138*2°(c = M) 

18*7 

9*1 

2 58 

120*2 (c=l*46) 

119*0 (c== 1*02) 

40*0 

21*7 

3 84 

69-6 (c=0*52) 

104*3 (c~ 2*85) 

65-2 

31*4 

4 100 

. . — ■. 

96*3 (c=2*69) 

■ 

36*6 


University' "College, Dundee, ■ 

University op St. .Andrews, 

Municipal Technical Institute, 

Belpast. [ Received , May 8 th , 1919.] 


LI .—The Potential of a Nitrogen Electrode . 

By Francis La wry U sher and Bamavenkatasubbier 

V ENKATE S WAR AN. 

The decomposition potential of a normal solution of hydrazodc acid 
has been found, by Le Blanc to be 1'29 volts, and this acid therefore 
resembles the halogen acids (except hydrofluoric) in furnishing at 
the anode an electrornotively active substance the potential , of 
which is lower than that of oxygen. The substance in question 
has been presumed to be ordinary nitrogen, so that it should be 
possible to construct a nitrogen electrode similar to a chlorine or 
a hydrogen electrode, ' and to measure its potential in a solution 
containing Nb ions. An attempt which, we have made to do this 
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lias led to some interesting results, which leave little doubt that 
the substance set free at the anode in the electrolysis of azide 
solutions is not ordinary nitrogen, but an active form of it. Some 
purely chemical evidence in support of this conclusion was obtained 
by one of us in 1914, and it is proposed to resume these experi¬ 
ments as soon as circumstances permit; they are at present too 
incomplete for publication. 


Experiment a l. 

The E.M.F. of the combination JV / 10-calomel ] X /1 QO-KCI j 
X j 100-NaXg {NJPt was measured at 30°, the nitrogen employed 
being carefully freed from oxygen and oxides. The nitrogen 
electrode was about 0‘4 volt negative to the calomel, and therefore 
slightly negative to hydrogen, a result which is clearly incompatible 
with the assumption that the nitrogen furnishes ions 

reversibly. It was. in fact, proved that the observed potential was 
unaffected by the presence of nitrogen. The attempt was repeated 
with several different hinds of electrode, but always with the same 
negative result. 

Since the nitrogen liberated at the anode during the electrolysis 
of azide solutions is electromotively active, as shown by the exist¬ 
ence of a definite decomposition voltage, it appeared probable that 
at the moment of its liberation it was different from, but was very 
rapidly converted into, ordinary nitrogen. It was therefore decided 
to polarise a platinum wire anodically in an azide solution with 
a definite E.M.F. in slight excess of the decomposition voltage, and 
to measure its potential, which would be slightly higher than the 
true potential corresponding with the reversible change N A S mr 
active nitrogen. The electrolytic cell was made of paraffined teak- 
wood divided into three compartments by parchment paper 
diaphragms, the three compartments containing J'-sodium azide, 
with some hydrazoic acid added to the middle compartment in 
order to neutralise any ammonia formed by reduction at the 
cathode. The potential of the anode was measured against a 
JV/10-calomel electrode at the ordinary temperature (25—26°). 
The results read from the smoothed curves are shown in the follow- 
dug table. In Series I, about 5 cm. of platinum wire 0*5 mm. 
thick were used, in Series II about 2 mm. of the same wire, and in 
Series III a short point of very fine wire, the metal being well 
platinised in every case. 
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Potential of anode against N! 10-calomel. 
Applied E.M.F ,— ------ % 


Volts. 

I. 

II. 

III. 

1-20 

0-690 

0-760 

0-788 

1-30 

0-698 

0-770 

o-soo 

1-40 

0-704 

0-782 

0-813 

1-50 

0-712 

0-797 

0-829 

1-60 

0-722 

0-812 

0-843 

1-70 

0-732 

0-830 

0-861 

I-S0 

0-743 

0-848 

0-880 

1-90 

0*754 

0-873 

0-904 


Although the combination, was so arranged that* the potentials 
at the liquid junctions could be calculated after determining the 
transport number for sodium azide, it was unnecessary to do this, 
because, as is evident from the above table, a constant value for 
the potential of the nitrogen electrode was not obtained at any 
applied voltage. Its behaviour appears to be normal so far as the 
effect of increasing voltage is concerned, but depends on the size 
of the anode, that is, on the current density. The current flowing 
in the primary circuit was at all times sufficient to cause a brisk 
evolution of gas, so that the results cannot be attributed to want 
of saturation. With a view to* investigate the relation between 
the potential and the current density, a series of measurements 
was made with varying but known current densities at a constant 
decomposing voltage.* The arrangement shown diagrammaticaliy 
in the accompanying figure was used. The solution of A-sodium 
azide, slightly acidified with hydrazoic acid, was contained in a 
tall U-tube with a side branch for the calomel electrode (E). The 
electrodes (AC) consisted of platinised platinum disks sealed into 
glass tubes which passed through corks, and could be moved up or 
down. The U-tube was tilted when in use in order to prevent an 
accumulation of gas under the disks, The electrolysing current was 
furnished by a battery ( B ), and passed through an adjustable low 
resistance (IF), a resistance box (R), and the solution in the U-tube. 
SS are two paraffin block switches of which the terminals d and g 
were connected to a potentiometer (P), the other connexions being 
as shown in-the diagram. In taking a series of readings, the circuit 
was first closed* e was connected to y, and a to d. Plugs were then 
taken out of the resistance box until the potential difference across 
th© U-tub© was approximately 1’31 volts (chosen as being slightly 
in excess of the decomposition voltage), and the rheostat (IF) was 
then adjusted so that that figure was exactly attained. The second 
measurement was, that of the fall of potential across the resistance 
box, and the third gave the E.M.F. of the combination nitrogen- 

* Keys, standard eeU, and a buffer solution between the U-tube and 
calomel electrode are not shown. 
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calomel. The current flowing through the solution was known from 
the second measurement, which gave the fall of potential across a 
known resistance, and from this the current density was calculated, 
the area of the anode being always the same, namely, 0-65 sq. cm. 
By altering the position .of the electrodes, the resistance of the solu¬ 
tion could be varied, and therefore also the current density. 

It was noticed that when the platinised electrodes were immersed 
in the solution, a slow evolution of nitrogen occurred even when no 
current was passed. This could not have been due to occluded 



chlorine derived from the platinising liquid, since it took place after 
soaking the electrodes in ferrous sulphate solution and washing 
them thoroughly, hut was probably due to catalytic decomposition 
by the platinum black. Shortly after this observation was made, 
we found that the phenomenon had already been studied by 
01 iveri-Mandal a ( Gazzetta , 1916, 48 , ii, 137). The platinum 
apparently became ‘poisoned*’ after the evolution had proceeded 
for some time, and nitrogen ceased to he given off after the first 
series of readings had been taken. The following table shows the 
results obtained. The current density at the anode (C.D.) is given 
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in microamperes per sq. cm., and the E.M.F. of the- combination in 
volts. 


I. II. III. IV. 


C.D. 

E.M.F. 

C.D. 

E.M.F. 

C.D. 

E.M.F. 

C.D. 

E.M.F. 

4707 

0-446 

4070 

0-493 

3659 

0-50S 

3768 

0-494 

4838 

0-468 

4244 

0-506 

3738 

0-524 

3810 

0-518 

4975 

0-482 

4285 

0-516 

3831 

0-542 

3847 

0-545 

5130 

0-497 

4377 

0-528 

3893 

0-558 

3893 

0*561 

5444 

0-520 

4541 

0-540 

4019 

0-577 

3988 

0-587 

5741 

0-541 

4670 

0-552 

4112 

0-593 

4051 

0-617 

0131 

0-564 

4868 

0-561 

4237 

0-608 

4144 

0-652 



4992 

0-581 

4364 

0-629 





5157 

0-590 







5362 

0-615 







5546 

0-635 





If the 

above figures 

are plotted 

on a 

curve, it 

is seen 

that, 


one would expect, the rate of increase of potential with current 
density diminishes as the latter increases. Since the potential is 
a measure of the concentration of the electromotively active sub¬ 
stance in the electrode (assuming the solution to remain unaltered), 
it is evident that the latter is unsaturated even when nitrogen is 
being evolved freely, and one can only explain this behaviour by 
assuming that the N ; 3 ions furnish an active form of nitrogen on 
discharge, and that this is rapidly converted into ordinary nitrogen, 
probably catalytically by the platinum. 

It has been shown in other instances that the velocity of reaction 
between a gas and a solid is proportional to the partial pressure 
of the gas. In the present case, the rate of formation of active 
nitrogen must be proportional to the current density, and its rate 
of decomposition may be considered proportional to its partial 
pressure, that is, to its concentration, of which the potential is a 
known function. If, therefore, the measurements correspond with 
a state of equilibrium (which they probably do, since the potential 
shows no variation so long as the current density remains constant),* 
we obtain the relation : rate of formation of active nitrogen = Jc x D = 
rate of decomposition = k 2 C, where D is the current density and C 
the concentration of active nitrogen. If P is the measured E.M.F., 
we get f P — a + h logZ>, where a and h are constants. The 
following table shows the experimental values of the ■E.M.F. Vim 
Series II, the values read from a smoothed curve drawn through 

* In the four series of readings given, the actual values of the potential 
in the different series are not the same for a given current density. This 
variation is due to differences in the solutions, and is not observed in a 
solution of definite'composition. / 

t By substituting <7=^D/^g in the expression P—Jc + blogc , and collecting 
the constant terms. 
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the figures enclosed in brackets, and the values calculated by means 
of this expression: 

E.M.F. 


CD. 

Measured.. 

Bead from 
smoothed curve. 

Calculated. 

(4070) 

(0*493) 

(0*493) 

(0*493) 

4244 

0*506 

0*512 

0*512 

4285 

0*516 

0*516 

0-516 

4377 

0 52B 

0*526 

0*625 

4541 

0*540 

0*542 

0-542 

4670 

0*552 

0*554 

0-554 

4818 

0*561 

0*568 

0-568 

4992 

0*5 81 

0*584 

0-584 

5157 

0*590 

0*598 

0*598 

(5362) 

(0*615) 

(0*615) 

(0-615) 

5546 

d-635 

0-630 

0*630 


The agreement between the observed and calculated figures is 
satisfactory, and probably indicates that the assumptions made are 
in the main correct. It is interesting to note that the above ex¬ 
pression. does not fit the curve obtained in Series I, where the solu¬ 
tion was being decomposed catalytic ally during the observations, 
but that if a third constant (representing a constant additional 
supply of active nitrogen) is introduced, the agreement becomes 
good. 

An attempt was made to obtain some idea of the rate, at which 
the active nitrogen is decomposed in contact with the electrode. 
An azide solution was electrolysed in such a way that the gas 
accumulated in bubbles under the anode. On breaking the decom¬ 
posing current, the potential fell at first so rapidly that it could 
not be followed, and dwindled, to zero in about thirty seconds. A 
similar experiment with chlorine showed that the potential fell by 
0*2 volt in twenty minutes, and a hydrogen electrode by 0*06 volt 
in the same time, so that the result with nitrogen cannot be 
explained by diffusion. ■ 

The only reference to any peculiarity in the chemical properties 
of the nitrogen obtained by electrolysing an azide appears to be 
in a paper by Browne and Lundell (/. Airier. Ghem. Soc., 1909, 81, 
435), who electrolysed a solution of potassium azide in anhydrous 
azoimide at —78°, .and, on the occasions when'their apparatus was 
not shattered, observed that the gas "evolved at the anode attacked 
mercury. Apparently, therefore, the active nitrogen is much less 
rapidly decomposed at a low temperature, ri 

Central College, 

Bangalore, S. India. 
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LII.— A■ Chemical Investigation of Banded Bituminous 
Coal. Studies m the Composition of Coal.® 

By Frederick Vincent Tideswell and Richard Vernon 
Wheeler. 

It is, and lias been since pit-coal -first became an article of daily 
use, a matter of common observation that any lump of bituminous 
coal taken haphazard is almost certain to exhibit, in a more or 
less marked degree, differences in the texture of its surface which 
give it a banded appearance, the bands being alternately dull and 
bright. 

The subject of the banded appearance of bituminous coal has 
recently been treated in a more exact manner than heretofore by 
Slopes ( Proc. Boy. Soc. 3 1910, [5], 90, 470), whose, observations 
can be briefly summarised as follows. 

She distinguishes, not merely “dull” and “bright” bands, but 
four distinctive portions forming the mass of an ordinary 
bituminous coal. The four portions can be recognised and 
separated from each other both macroscopically and microscopic¬ 
ally in thin sections. These four ingredients were provisionally 
named by Slopes: 

(i) Fusain. The equivalent of “ mother-of-coal,” “ mineral-charcoal,” 

etc., of various authors. 

(ii) Durain. The equivalent of “dull” hard coal of various authors; 

the “ Mafctkohlo ” of the Germans. 

(iii) Clarain. ] Together the equivalent of “ bright” or ”glance” coal of 

(iv) Vitrain. j" various authors? the “ Glanzekohle” of the Germans. 

These show various differences, in character, and, in particular, 
markedly distinct microscopical features. 

Microscopical and pakeobotanieal study has thus been able to 
distinguish between four visible ingredients in banded bituminous 
coal, and to ascribe to- each & character essentially different from 
the others as regards the appearance and probable nature of the 
materials of which it is composed. As a corollary to this work, 
we have undertaken to determine to what extent, or if at all, the 
four ingredients differ amongst themselves, in their chemical nature 
as ascertained by ordinary methods. ; 

So far as we are aware, the only previous detailed attempt to 
relate the texture with the chemical composition of a coal is that 

* The work by Dr. M. C. Sfcopes^ the reference to which is given below, 
forms No. 1 of this series of researches. 
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by Grout {Emu, (real., 1911, 6, 449), who made a careful study 
of selected parts of a black lignite or sub-bituminous coal from 
Gorham Mine, Marshall, Colorado. Several references are to be 
found, it is true, to t-lie difference in composition between a sample 
of " mother-of-coal ” (fusain) and the coal with which it was 
associated ; and there has been a tendency on the part of some 
writers to confuse fusain, which may occur in bauds or layers, hut 
is just as often present in coal in numerous very small pockets, 
with "dull” or "matt” coal (durain) (see, for example, Stratum 
and Pollard, Mem. Geol. Surr. Engl. Wales, 1915, 6, 91). 

We do not propose to discuss the reason for the gross difference 
that undoubtedly exists between the chemical composition of fusain 
and that of coal, but to reserve such a discussion for a future 
memoir, since it belongs more properly to a disquisition on the 
mode of formation of the coal conglomerate. Our immediate con¬ 
cern is with the more subtle differences in composition that can 
be presumed to be correlated with the characteristic appearances 
of vitrain, clarain, and durain, 

The coal chosen for this research was, for obvious reasons, one 
of those used by Dr. Marie Stopes for her investigations, namely, 
the. Thick Coal, Hamstead Colliery. We are indebted to her for 
volunteering the task—a laborious one requiring much care—of 
providing supplies of each macroscopieally distinct ingredient, free 
from the others, sufficient for chemical examination. The total 
supply was obtained from blocks of coal collected within a few cm. 
of each other in the same portion of the seam. 

The fusain was obtained as a powder by scraping lightly with 
a knife at such cleavage surfaces as had wedges of the material 
on them. The durain was obtained as small blocks or broken 
bands by splitting off from it all bright streaks. To obtain the 
durain reasonably pure, it was necessary to split the coal con¬ 
siderably; although preponderating^ dull in appearance, a few 
bright streaks of hair-like fineness remained in it. In contrast to 
the brittle, powdery fusain, the durain is firm and hard. 

Clarain preponderated in the sample. It is throughout banded 
finely with rather brighter and rather duller portions, but in 
general it has a subdued surface lustre when viewed broken at 
right angles to the bedding plane, which is distinct from the matt 
surface of the durain. 

Vitrain is a conspicuous feature in a block of this coal. It was 
separated as small splints and cubes through the ready breaking 
up of its layers. The vitrain runs in horizontally extended bands 
varying from 1 to 6 mm. in thickness. Unlike the clarain, a single 
band does not show handing within itself, but the face at right 
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angles to the bedding plane is uniformly and brilliantly glossy, 
and instead of the usual cleavage the fracture tends to be 
conchoidal. 

The methods of chemical investigation employed for each of the 
four ingredients have been: proximate and ultimate analysis ; the 
action of solvents and of reagents; and destructive distillation in 
a vacuum, with examination of the gaseous and liquid products. 
A tabulation of the results obtained, so far as they admit of tabula¬ 
tion, is given later. Some description is first required of the 
different operations, further details of which are given in the 
experimental portion of the paper. 

The Action of Solvents .—Extractions were made in Soxhlet fat- 
extraction apparatus, using from 1 to 10 grams of material ground 
so as to pass through a 200 x 200 mesh sieve. 

( 1 ) Pyridine: 

Vitrain. Clarain. Durain. Fusain. 

Extract, per cent, on ash¬ 


free, dry coal . 34*4 27*2 21-6 10*1 

Colour of solution .....Dark red. Dark red. Brownish-red. Brown. 


(2) Chloroform Extraction of Pyridine Extract. —One gram of 
each of the dried extracts of vitrain, clarain, and durain was ex¬ 
tracted with chloroform during two days. Extraction appeared to 
be complete after twelve hours. The percentage of the pyridine 
extract soluble in chloroform was with vitrain 27, with clarain 30, 
and with durain 40. 

From these results, the percentages of a-, A, and ■'/-compounds 
present in the coal (see Stopes and Wheeler, “Monograph on the 
Constitution of Coal,” 1918) can be calculated as follows: 

Vitrain. Clarain. Durain. 

a-Compounds (insoluble in pyridine)... 65*8 72*8 78-4 

Compounds (soluble in pyridine, 

but insoluble in ehloroform) . 25-0 10-0 IS O 

^-Compounds (soluble in both pyridine 
and chloroform) .. 9*2 8*2 8*0 

Samples of vitrain and durain were extracted direct with chloro¬ 
form and with ethyl alcohol; the. percentages extracted are 
recorded in table V. . 

The Action of' 'Reagents. (1) Alcoholic Potassium Hydroxide .—>• 
This reagent has been used by previous workers to determine the 
quantity of ulmin compounds present in a coal. The substances 
removed are no doubt ulmin compounds, but all such compounds 
are not necessarily soluble in aqueous or alcoholic potassium hydr¬ 
oxide (Stopes ■ and. Wheeler, he cit.) ; it is better, therefore, simply 
to record the fact that a certain portion of a coal is; soluble in the 
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reagent, without attempting to draw any conclusion therefrom as 
to the total percentage of iilmin. compounds present , 

A modification of Hart’s method of treatment ( Ghent . Zeit., 
1907, 31, 640), in which the reagent is maintained at 80°, was 
used in the first instance, the results being: 

Vitrain. Clarain. Durain. 

Soluble in hot alcoholic potassium hydroxide; 
per cent, on ash-free, dry coal . ... 6-1 5-4 3-S 

Slopes had observed that in the cold this reagent seemed to 
have a peculiar effect on vitrain, causing small lumps to “ acquire 
the consistency of hard cheese or soap,” so that thin flakes could 
be cut from it with a razor, whilst in untreated coal vitrain 
is hard and resistant to a cutting edge. It seemed desirable, there¬ 
fore, to determine whether prolonged treatment of the powdered 
coals in the cold would result in greater quantities passing into 
solution. The percentages removed after eight weeks of such 
treatment were: 

Vitrain. Clarain. Durain. 

5-7 5-2 3-6 

The softening or loosening action of the alkali observed by 
Slopes would thus appear to be caused by the removal of some 
binding material from the coal conglomerate; the ulmin com¬ 
pounds have been credited with a binding or cementing action. 

(2) Iodine .—The absorption of iodine by coal may be regarded 
as giving an approximate measure of the proportion of unsaturated 
compounds present. 

Before treating the four ingredients of banded coal, preliminary 
trials were made with other coals to determine the conditions of 
test most likely to yield accurate comparative results These trials 
showed that iodine absorption by coal is very slow and may con¬ 
tinue for a long-time. It was, in fact-, found to he impracticable 
to determine the maximum amount of iodine that can be absorbed 
by coal, for the absorption varied with the conditions, and more 
particularly with the length of duration of test. .For example, 
Wijs’ solution (iodine chlorideAn solution in glacial acetic acid), 
although causing about four times the absorption given by aqueous 
iodine, yet did not appear to be within measurable distance of 
giving a final value after twelve hours. 

In recording the results that: follow, it is necessary to distinguish 
between “ permanent ” and “ temporary ” absorption of iodine (see 
p. 635), The results given are strictly comparative, each of the 
four components of banded coal being treated under identical 
conditions. 




INVESTIGATION OF BANDED BITSJMENO US COAL. 


Ci2 3 


Table I. 

Iodine Absorbed per cent, by Weight on Ash-free , Dry Coal. 

Duration Temporary. 

of (Released on keeping.) Permanent. 

treatment. .—■————-'——“-- -•—— --™~——— 

Hours. Vitrain. Clarain. Durain. Fusain. Vitrain. Clarain. Durain. Fusain. 


1 . 

64 

7-6 

4-1 

0-7 

8-6 

6*9 

6*8 

2-1 

3* 

7-9 

8-3 

5-5 

0*7 

14-3 

11-S 

12-3 

3*6 

6. 

9-3 

9-7 

6-8 

1-4 

16-5 

16-0 

13*0 

2*9 

24. 

10-7 

10-4 

8-9 

2-1 

22-S 

23-6 

17*8 

4*3 


These results were obtained with aqueous iodine (if/10 in 
potassium iodide solution). With Wijs J solution, the following 
quantities of iodine, calculated as percentages on the ash-free, dry 
coals, were absorbed during six hours: 

Temporary. Permanent. 

Vitrain. Clarain. Durain. Fusain. Vitrain. Clarain. Durain. Fusain. 

18-6 208 17-1 8-6 67-9 63-2 51-3 4-3 

Destructive Distillation. Gaseous Products .—The procedure 
adopted for the examination of the gaseous products was that of 
fractional distillation in a vacuum. In this manner, the ranges 
of temperature over which decompositions occurred, with the pro¬ 
duction of one or other of the usual constituents of coal-gas in 
predominant quantity, became manifest. With each of the four 
ingredients of banded coal, decomposition, as evinced by the evolu¬ 
tion of gases in any quantity, did not become marked until a 
temperature of about 350° was reached, although slight decom¬ 
position occurred with each at a temperature of 300°. At 200°, 
with all except fusain, a trace of gas was evolved, together with a 
little liquid having an odour of light petroleum. 

The tabulated results of the distillations are as follow : 

Table II. 

Vitrain . 

Temperature. 0-300 300-350 350-400 400-450 450-500 500-550 550-600° 


Vol. of gas at 
N.T.P. evolved 
per gram of coal, 


e.c. ~.. 


5-0 

6*2 

22-5 25-9 

37-4 

49-S 

52-0 

Analysis, per cent. 

c,h 6 +c„r». 

8-3 

12-0 

8-8 2-2 

0-7 

nil 

nil 

CCtk-fH„S .... 


58-3 

20-4 

7-3 3-3 

2*3 

1-1 

1*1 

O., .. 


0-5 

0*4 

nil nil 

nil 

nil 

nil 

C,H, . 


1-S 

4-8 

4-8 1*9 

04 

nil 

nil 

CO .. 


21-7 

20-8 

14*8 15-1 

15*0 

11*3 

12-1 

H„ . 


— - ' 

2-8 

9*7 35-2 

59*8 

80-1 

82-2 

GbBWo '. 


8*0 

38-8 

55-1 42-3 

21-8 

7-5 

4*0 

Ratio . CjA 
explosion 
■ paraffins'" ■■■.. 

■; on 
/' for. 

, 1-50 

1-56 

1-80 1-S5 

1-95 

2-00 

2*( 
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Table II. ( continued ). 

Clarain. 

Temperature . 0-300 300-350 350-400 400-450 450-500 500-550 550-600° 

Vol. of gas at 


ISf.T.P. evolved 
per gram oi coal. 

e.c. 

4*5 

5*4 

19*8 

23*0 

35-0 

35*7 

50*0 

Analysis, percent. 

C jJ H,+C»H 2 „ . 

9-0 

10*0 

9*0 

2*3 

0*9 

nil 

nil 

ebo-f n 2 s. 

58*5 

24*5 

10*6 

6-3 

4*0 

1*4 

1*3 

o. .. 

0*5 

0-3 

trace 

nil 

nil 

nil 

nil 

CoH 4 . 

1*5 

4*2 

4*6 

2*0 

0*3 

nil 

nil 

cb .. 

21-0 

21*6 

14*4 

14*5 

14*0 

11-9 

12-3 

Ha . 

— 

3*0 

9*3 

33*0 

58-5 

76*0 

80-0 

C-Hnn+o . 

7*5 

34*4 

52*1 

41*9 

22-3 

10-0 

6*4 

Ratio CjA on 
explosion for 

paraffins . 

1*52 

1*60 

1*71 

Bit rain. 

1*80 

1*90 

2*00 

2*00 


Temperature. 0-300 300-350 350-400 400-450 450-500 500-550 550-600° 


Vol. of gas at 

N.T.P. evolved 
per gram of coal, 

e.c. . 

3*55 

5*4 

15*4 

18*9 

31*0 

30-0 

35*8 

Analysis, per cent. 

CgHj+CjJELrt...... 

11*6 

14*4 

11-7 

2*5 

1*8 

nil 

nil 

CO.,+H.,S . 

58*7 

28*3 

13*8 

9*2 

6*7 

6*2 

2*0 

o„ .... ■ . .. 

0*6 

0*4 

0*1 

nil 

nil 

nil 

nil 

C.,H,... 

1*0 

3*3 

4*3 

2*1 

0*3 

nil 

nil 

CO . 

19*3 

19-1 

12*4 

13*5 

35-0 

16*4 

12-6 

H, . 

nil 

3*0 

7-7 

32*1 

56*0 

62*7 

77*0 

.....» 

Ratio C[A on 

7*3 

29*8 

50*0 

40*6 

19*6 

14*7 

8*4 

explosion for 

paraffins .. 

1*40 

1*45 

1*70 

1*85 

1*95 

2*00 

2*00 


Fumin. 

Temperature...... 0-300 300-350 350-400 400-450 450-500 500-550 550-600° 


Vol. of gas at 
N.T.P. evolved 
per gram of coal, 

' C.Ci; ................ 

1*8 

2*0 

'7*5 ■' 

12*0 

17*5 

22-0 

35*0 

Analysis, per. cent. 
C a H.-fC M EL, H .. 

11*5 

8-9 

. 7-5 

2*8 

1*8 

0-7 

nil 

CO.,-4-HoS .... 


56*4 

38*0 

20*0 

11*4 

8*2 

6*4 

3-8 



nil 

nil 

nil 

nil 

nil 

nil 

nil 


2*3 

3*5 

3*0 

2*2 

0*7 

0-2 

nil 

CO ... 


20*8 

20*1 

16*0 

15-8 

18*1 

17*2 

13*3 

O&M, . 


nil 

2*4 

10*6 

22*6 

38*4 

56*7 

73*9 


3*0 

23*0 

42*3 

45*2 

32*8 

18-5 . 

9-0 

Ratio C/A 
explosion, 
paraffins . 

on 

for 

1*25 

1*42 

1*60 

1*82 

1*90 

2*00 

2*00 
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In Figs. 1 and 2 are shown the volumes of individual gases 
plotted against the temperatures at which they were evolved. The 


Fig. 1. 



100° 200° 300° 400° -500° 600° 

Temperature • 


curves thus obtained show clearly the various stages of decomposi¬ 
tion of the coal. 

Destructive Distillation. Primary Liquid Products .—Only 
vitrain and durain were submitted to destructive distillation with 
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a view bo examine the primary liquid products. Of fusain, an 
insufficient quantity was obtainable, whilst it seemed probable that 
the behaviour of clarain could be deduced from that of the other 
two components of banded coal, which would, at all events, afford 
the maximum degree of contrast. The records of the distillations 
are as follow. 

Yitrain. May 31.s*£, 1918.—The apparatus (see p. 636) having 
been exhausted of air, heating was begun at 2.0 p.m., the tempera¬ 
ture being raised slowly to 100°. This temperature was main- 


Fig. 


2 . 



tabled until noon on June 3rd. Water collected in the cooled 
receivers. June 3rrf .~The temperature was raised gradually to 
300°. Water and a little gas were evolved as the temperature 
increased. Oils began to appear at 300°. June Uh. —Increase of 
temperature was continued very slowly from 300° in order to deter-- 
mine the point at which active decomposition began. This was 
found to lie between 350° and 360°, over which range there was 
a rapid evolution of gas, water, and oils. Throughout the day the 
temperature was raised slowly to 400°. Viscid red oils began to 
appear at 390°, and their quantity increased with increased 
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temperature up to 455° (June 3th). June 5th — 7th .—-The 
temperature was raised, in stages of 25°, up to 550°. A rapid 
evolution of gas occurred at each successive increment of tempera¬ 
ture, but there was no further appreciable production of oil or 
tar above 460°. 

Durain. June 14 th .—Heating begun, the temperature being- 
raised slowly to 100°, and the water that was driven off collected. 
The temperature was maintained at 100° overnight. June 
loth —17 th .—Temperature raised to 150°; very little more water 
was collected. Temperature raised slowly from 150° on the morn¬ 
ing of June 17th; at 11.45 a.m., the temperature being 250°, 
water made a reappearance in quantity in the distillates; at 
12.45 p.m., temperature 300°, oils began to collect in the receivers, 
but the evolution of gases was small. The rate of production of oils 
increased steadily with increased temperature without a correspond¬ 
ing increase in the quantity of gases; between 350° and 360°, the 
rate of evolution of gases increases slightly, but there was no 
marked decomposition point until the range 370—-380° was reached. 
June 18 th —24£/n—The sequence of events as the temperature was 
raised gradually to 550° was the same as with vitrain, except that 
a notable evolution of water occurred at 450°. As with vitrain, 
there was but little production of oil or tar above 480°. 

The main products of the distillations, calculated as percentages, 
by weight, on the ash-free, dry coals, may be tabulated as follows : 


Table III. 



Vitrain. 

Durain. 

Residue (ash-free) . . 

79-0 

79-0 

Water of decomposition ... 

6-7 

5*8 

Tar and oils.. 

5-6 

S-0 

Gas (by difference) ........ 

8-7 

7*2 

Prom the tar and oils there were 

obtained on 

distillation 

Oils ---- 

3*6 

4*0 

The oils were composed of: ■. 

.Phenols....... . 

2-2 

1*6 - 

Neutral oils, .4.. 

1*4 

2* 4 


The residue remaining in the retort in each instance consisted 
of loose particles little different in appearance from the original 
materials. With durain there were-slight indications of coherence 
of some of the particles; no coherence could be observed with 
vitrain. . With the,latter there was a shrinkage in volume amount¬ 
ing to about 25 per cent, of that of the original coal; with the 
former, the shnnkage was only about 10 per cent. 
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Examination of the Liquid Distillates .— Owing to the small 
quantities obtained, it was not possible to make a complete ex¬ 
amination of the fractions collected at different temperatures. Up 
to 150°, with both vitrain and durain, the distillates consisted of 
water; both were neutral and colourless and free from oils and 
organic or mineral salts. 

The distillates obtained between 150° and 300° were aqueous, 
with traces only of hydrocarbon oils. They fumed strongly in air, 
and were found to be concentrated solutions of hydrochloric acid. 
There was evidence of the presence of compounds of the polyphenol 
type in traces. 

The aqueous portions separated from the distillates between 
300° and 500° were also strongly acid (hydrochloric acid). On 
adding excess of potassium hydroxide, the vitrain distillate evolved 
an inflammable gas, strongly alkaline and with an odour like that 
of methylamine, whilst the durain distillate evolved a strongly 
alkaline gas, not unlike pyridine in odour. No ammonia could be 
detected In either distillate. Colour reactions for polyhydric 
phenols were again noted. 

The method of examination of the tar and oils was, for both 
vitrain and durain, to mix together the fractions obtained at 
different temperatures and distil them under reduced pressure. 
The oils obtained were treated with solutions of sodium carbonate 
and potassium hydroxide to remove phenols, with hydrochloric 
acid to remove traces of bases, and finally with water. The phenols 
were liberated from their alkaline solution and distilled, as were 
the neutral oils. The results are best shown in parallel columns. 


Table IV. 


. Vitrain. ■ 

Below 250° (40 mm.) 64 per cent, 
of the tar distilled without de¬ 
composition. At 250° decomposition 
began.' . The oils that passed .over at 
that temperature began to solidify -on 
codling, 1 


Examination of the oils showed: 


Soluble in dilute Na 2 C0 3 solution 
Soluble in 15 per cent. KOH solution 

Soluble in HC1 .... 

Neutral oils .... 


Durain. 

Below 300° (25 mm.) 60 per cent, 
of the tar distilled without decom¬ 
position. Above 260° the oils coming 
over began to solidify on cooling. 
At 300° decomposition began with 
evolution of HCL 
The oils were poured off from the 
solid distillate. 


'.-.'Vitrain.' Durain. 

10 per cent.) _. . 

r ■ ■■■ > 40 per cent. 

traces . traces. 

40 per cent.,;: 60;. per cent. : 
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Table IY. (continued). 
Examination of the phenols showed: 


Yitrain. 

The sodium carbonate solution con¬ 
tained polyphenols (o-dihydroxy). 
The phenols liberated from the 
potassium hydroxide solution gave 
on distillation: 

(1) 50 per cent. boiling at 

200 - 212 °. 

(2) 25 per cent. boiling at 

260-280°. 

(3) 25 per cent, residue. 

Fraction (1): C = 76«96; H = 7-7G. 

DS 1 - 026 - 

Fraction (2): C = 78-12; H=7*70. 
Very viscous. 


Durain. 

The total phenols on distillation 
gave: 

(1) 25 per cent, boiling at 200-220°. 
{2} 25 per cent, boiling at 240-280°. 
(3) 50 per cent, residue. 

Fraction (1): C = 7S’49; H = 8*G7. 

Fraction (2): C = SG-86; H=7-91. 
Very viscous. 


Examination of the neutral.oils showed: 

Yitrain. Durain. 

Distilled almost completely at Distilled almost completely at 
160-320°. 160-340°. 

0=85-86; H-9-91 (C+H=95*8). C=85-44; H=10-39 (C+H—95-8). 

Charring with cold sulphuric acid 
left only about 10 per cent, of 
saturated hydrocarbons. 


It will be noticed that the phenols derived from both coals fall 
into two well-defined groups, the first distilling at 200—220°, the 
second at 240—280°. The first group, in their constants and 
analyses, in their colour reactions with ferric chloride and other 
salts (aqueous and alcoholic), and in their phthalic*anhydride con¬ 
densations, agreed with the lower simple phenols, and were pre¬ 
sumably cresols and xylenols. There ■ was evidence also: of the 
presence of some more complex phenol, or phenol ether, perhaps 
guaiacol. The second group gave pronounced colour reactions of 
the polyhydric phenols, and more particularly of the o-dihydroxy- 
benzenes, but probably consisted mainly of condensed products. 
Protocatechuic acid, or a similar compound, was present in the wash¬ 
ings from the phenols before their final distillation. This decom¬ 
poses normally at about 200°, "blit may easily have escaped decom¬ 
position under the conditions of the distillations. Durain gave a 
more complex mixture of phenols than vitrain. 

The distilled neutral oils from both coals were very similar, 
yellowish-brown oils. They did not consist exclusively of hydro¬ 
carbons, and the proportion of saturated hydrocarbons was low. 

YOB. CXV. B B 
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Paraffin wax was obtained in quantity from the higher boiling 
fractions of each tar. 

The general analytic results can be summarised as follows: 


Table V. 


Vitrain. Clarain. Durain. Fusain. 


Density ...... 

1-290 

1-280 

1-395 

— 

Ultimate analysis. —Per cent, on 
ash-free, dry coal: 

Carbon . 

78*5 

79-1 

80-8 

84-7 

Hydrogen ... 

5-15 

5*2 

5*1 

3*9 

Oxygen .. 

13-9 

13-4 

11*8 

9*7 

Nitrogen... 

1-33 

1-28 

1*3 

1*05 

Sulphur .. 

1-12 

1-02 

1*0 

0*60 

Proximate analysis: 

Moisture, per cent... 

12-6 

10-2 

6*5 

3*9 

Ash, per cent. .... 

1-2 

1*45 

3*0 

10*0 

Volatile matter, per cent, on ash¬ 
free, dry coal . 

38-6 

40*8 

39*4 

22*6 

Extractions. —Per cent, on ash-free, 
dry coal: 

By pyridine ... 

34-4 


21*0 

10- 

By alcohol..... 

0.G 

5-7 

3-1 


By chlorofarm .. 

2-S5 

__ 

2*4 

— ■ 

Pyridine extract soluble in chloro¬ 
form, per cent. ... 

27-0 

30-0 

40-0 

_ 

Percentages of a-, and 7 -com¬ 

pounds in the coal: 
a-Compounds .*.... 

65-8 

72-8 

78*4 


3- „ ■ ' ... 

25-0 

19-0 

13-0 

— 

■ 7- "» ' .. ..' 

9-2 

8-2 

8*0 

— 

Action of reagents. —Per cent, on ash¬ 
free, dry coal: 

Solubility in alcoholic potass¬ 
ium hydroxide: 

(1) Plot .. 

6-1 

5-4 

3*8 


(2) Cold...... 

5-7 

5-2 

3*0 

— ■ 

Iodine absorption (permanent): 
-V/lO-aqueous iodine, in 24 
hours ... ■ 

22-8' ■ 

23*6 

17*8 

4*3 

WijsVsolution, in 6 hours ...... 

07-9 

63-2 

51*3 

4*8 


. \ The general impression' created' by...an. examination of the results 
recorded in this table is of a gradation of properties as we pass 
from vitrain to durain. Fusain, as already noted, stands apart in 
its character from the other three ingredients of banded coal. The 
ultimate analyses show a steady rise-in carbon and fall in oxygen 
content in the order (1) vitrain, (2) clarain, and (3) durain, and 
this order is maintained with :practically■ every property investi- 

ga - 
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Thus there is a regular reduction in moisture content and increase 
in ash content. The marked retention of moisture by vitrain most 
probably results from its colloidal nature, indicated by the 
conchoidal fracture and the absence of any recognisable structure. 
The ash content may to a certain extent affect the surface lustre of 
the coal. . Indeed, from chemical examination alone, one might be 
tempted to say that durain is clurain because it is rich in ash; but 
it is clear from the work of Stopes that the decisive factor 
affecting the lustre is the presence or absence of plant structure. 
No doubt there is a direct connexion between the ash content of 
a coal and the presence of plant remains therein. 

The results of extractions both by organic solvents and by 
alcoholic potassium hydroxide exhibit well the gradation in proper¬ 
ties from vitrain to durain; they also suggest a lack of homogeneity 
in vitrain not evident from microscopical examination. The fact 
that both vitrain and durain (and, it may be assumed, clarain also) 
contain nearly the same proportions of y-compounds is striking. 
The chief difference between the ingredients of banded coal, as 
revealed by the action of pyridine and chloroform, lies, therefore, 
in. the amounts of a- and /3-compounds present. If, as has been 
suggested, the action of pyridine is mainly a mechanical loosening 
of the structure of the coal conglomerate, the a- and jB-eompouncls 
may actually be, as from their chemical behaviour they appear to 
be, essentially similar in character. From this point of view, the 
main difference between vitrain and durain would be a physical 
one, and would lie in the ease with which their (colloidal f) struc¬ 
tures are disintegrated. The fact that the action of chloroform 
direct on the coals is to* remove much smaller proportions of soluble 
matter than when an attack is first- made with pyridine is in agree¬ 
ment with this suggestion. 

Alcohol appears to dissolve a portion of the coal conglomerate 
unaffected by chloroform—possibly the resins,” using the word 
in its strictest sense. It is noteworthy that the proportions dis¬ 
solved are higher than is usual with bituminous coals, 

Perhaps the most striking evidence of gradation in properties 
of the four ingredients is afforded by the destructive distillations 
with examination of the gaseous products (see table III and; Figs. 
1 and 2), The volume-temperature curves obtained for the 
individual gases run nearly parallel, each to each, there being a 
rapid evolution: of paraffins beginning at 350° and of hydrogen 
beginning at 400°. 

The quantities of each gas (carbon dioxide excepted) evolved 
over equal temperature ranges are greatest with vitrain and least 
with fusain, clarain and durain occupying intermediate positions. 

B B 2 
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Th.e analyses of the gases evolved from each at any given tempera¬ 
ture interval are very similar; it is their quantity that differs. 
The difference between the coals—between vitrain and durain, for 
example—is therefore not such as exists between a + jS- and 
-/-compounds, which yield distinctive gaseous -mixtures on destruc¬ 
tive distillation, the former being rich in hydrogen and the latter 
rich in paraffins (Clark and Wheeler, T., 1913, 103, 1704). The 
parallel volume-temperature curves show that for each of the four 
components of banded coal the relative production of hydrogen 
and paraffins is approximately the same, indicating that each con- 
l ains similar proportionate amounts of the two characteristic 
ingredients of coal, namely, a- and j8-compounds (regarded together 
as being similar in their behaviour on destructive distillation) and 
-/-compounds. 

For carbon dioxide, the same order is preserved up to 400°, but 
is reversed at higher temperatures. With fusain, the evolution 
of carbon dioxide is constant for each interval of 50° between 
.350° and 600°. 

On comparing the records of the distillations conducted on a 
larger scale with vitrain and durain, it will be seen that in general 
durain required higher temperatures to resolve it. Vitrain had 
a well-defined decomposition point at 350—360°, with a rapid 
evolution of gas and oil, whilst the decomposition point of durain 
was less well marked at 370—380°. Moreover, all the tar obtain¬ 
able from vitrain had distilled over before a temperature of 460° 
was passed, whereas with durain tar was still produced at 480°. 

Vitrain yielded less tar than durain, the same amount of residue, 
but more water of decomposition and more gas. The tar from 
vitrain yielded less pitch than that from durain, the quantity of 
oils finally obtained from the two coals being nearly the same. A 
difference between the distillates further appears in the character of 
the oils. 

The high proportion of phenols in the tar oils, and the 
oxygenated character of the neutral oils, which contained but little 
saturated hydrocarbons, is noteworthy. Jones and Wheeler (T., 
1914, 10-5, 140) found from 12—15 per cent, of phenols in the tar 
oils from a Durham bituminous coal, and later (T., 1915, 107, 
1318) showed, that these were produced- exclusively from the 
"' f cellulosic ” (a- and j3-compounds) portion of the coal. The large 
proportion of phenols in the tar oils from the Hamstead coal used 
in the present research (50 per cent.) is due to the nature of the 
coal, which is highly oxygenated (10—13 per cent, of oxygen), a 
fact which also accounts for the oxygenation of the neutral oils. 

It is not possible in the present state of ignorance of the chemical 
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composition of coal to draw precise conclusions regarding any 
difference in constitution that may exist between vitrain, clarain, 
and durain. The chemical data obtained point to the differences 
that might he expected to accompany the obvious difference in 
physical character being of degree rather than of kind. No 
characteristic reaction or behaviour for any one of the components 
•of banded coal, such as might be expected were there a funda¬ 
mental difference in the chemical composition of the coals, was 
disclosed. 

The analytical results indicate for clarain a composition 
approximately one-third the way between vitrain and durain. It 
is interesting to find, therefore, that as we pass from vitrain to 
durain, the “ reactivity ” of the coal (that is to say, the extent of 
its susceptibility towards solvents and reagents) diminishes in the 
ratio vitrain: clarain: durain = 1: 0* 9: 0*7. This relationship applies 
also to the results of destructive distillation (except as regards the 
proportions of carbon dioxide evolved). 

Such a relationship can be explained on the assumption that the 
coals are composed of a “ reactive ” group of compounds, together 
with a relatively “ inert ” material. The former alone is attacked 
by solvents, responds to reagents, and yields the main bnlk of the 
gases and tars on distillation. The latter is chiefly responsible for 
the evolution at the higher temperatures of carbon dioxide on 
destructive distillation, and perhaps also for the neutral oils. It 
is clear, also, that the “ reactive ” group of compounds must con¬ 
tain more oxygen and less carbon than the “inert.” 

On this assumption, vitrain, clarain, and durain are similar as 
regards the composition of the “reactive” material they contain, 
as is shown by the approximate constancy of the ratios of 
“reactivity,” hut differ in the proportions of “reactive.” and 
“inert” constituents they contain; it is conceivable, also, that the 
character of the latter varies, though a consideration of the ultimate 
and proximate analyses of the three ingredients does not point to 
this being so. . 


Summary. 

In the banded Hamstead coal investigated, the ingredients 
(leaving out of account fusain) show differences which grade them 
in the' sequence vitrain,. .clarain, and durain.' This' sequence .is 
evidenced in the fall in the moisture- and rise in ash-content; in 
the.increase of carbon- and decrease of oxygen-content; and in the 
diminishing “reactivity” towards 'solvents, reagents, and' heat 
treatment.'. 

•'.''".'•Whilst making; clear interesting differences which' would scarcely 
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have been expected from portions of coal so immediately adjacent 
in the same seam, the work has not revealed the presence of 
essentially distinct- types of chemical compounds peculiar to any 
on© of the ingredients of banded coal. 

That portion of each ingredient responsible for the reactions 
observed appears to be of nearly constant composition. It is 
suggested that the difference between the ingredients lies in the 
proportion of “ inert ” or unresponsive material with which this 
reactive” portion is associated. If a given weight of vitrain be 
assumed to contain x parts by weight of “ reactive ” material, the 
same weight of elarain would contain 0’9,r and of durain 0*7^: 
parts. 

Correlation of the microscopical with the chemical and other 
data available respecting banded bituminous coal is reserved for a 
future communication. 


Experimental. 

The various operations were conducted throughout under con¬ 
ditions strictly comparative for the four ingredients of the banded 
coal. 

Analyses ,—For' the proximate analyses, the methods recom¬ 
mended by the American Chemical Society were employed. The 
ultimate analyses were made in the usual manner, sulphur being 
determined by Eschka’s and nitrogen by Kjeldahl’s method. For 
the estimation of carbon and hydrogen, the combustion tub© was 
packed with copper oxide and lead chromate. The four ingredients 
differed considerably in their behaviour during combustion, fusain 
burning with difficulty in oxygen, whilst the combustion of vitrain 
became uncontrollable, showers of sparks being produced. With 
the latter, it was found necessary to start the combustion very 
slowly in a stream of air, and only to use oxygen towards the end 
of the operation. In each instance, the result recorded is the 
mean of several concordant determinations. 

Each sample used for combustion analysis was dried in air during 
one hour at 105°. Experiments at present in progress on the rates 
of oxidation of the coals show that such drying would hay© the 
effect of raising their oxygen content and lowering their carbon 
content by less than OT per cent.; moreover, the amount of alter¬ 
ation is approximately the same for each ingredient of the banded 
coal, ■ 

The Action of Solvents .—The extractions with organic solvents 
were made in all-glass Soxhlet apparatus, the coals being enclosed 
in thimbles of filter paper or alundum and held in place by plugs 



INVESTIGATION OF BANDED BITUMINOUS COAL. 


635 


of glass wool. Extraction was continued until the solvent passed 
over colourless, and generally for as long again. The coals were 
stirred at intervals, and fresh charges of solvent used from time 
to time. The solution obtained was filtered and distilled, and the 
extract freed from the last traces of. solvent by evaporation on a 
watch-glass in a vacuum or in a stream of nitrogen, being finally 
allowed to remain during several weeks in a vacuum over sulphuric 
acid. 

The coals were air-dried (at 105°) for the pyridine (1 gram), 
dried at 105° in the absence of air for the pyridine-chloroform 
(10 grains), and undried for the alcohol and chloroform (5 grains) 
extractions. The solvents were dry and redistilled. 

The Action - of Reagents. —Extractions with alcoholic potassium 
hydroxide were made thus: (1) One gram of coal was heated with 
25 c.c. of 0*7i\ 7 -potassium hydroxide in absolute alcohol at 80° 
during eight hours. The solution was diluted with water and 
filtered, arid the alcohol evaporated. The “ulmin compounds” 
were then precipitated by concentrated hydrochloric acid, filtered 
from the solution, washed with distilled water, dried at 105°, and 
weighed, (2) For extraction in the cold, 1 gram of coal was 
allowed to remain during eight weeks in contact with 25 c.c. of 
4xY-potassium hydroxide in 75 per cent, alcohol, with frequent 
shaking. The amount of extracted matter was determined as 
in (1). 

Iodine absorptions were determined by two methods. (1) The 
coal, weighing 0T gram, was placed in a 250 c.c. stoppered bottle 
with 25 c.c. of Nf 10-iodine in aqueous potassium iodide solution. 
The bottle was then shaken mechanically during the required time. 
The residual iodine was titrated with Nj 10-sodium thiosulphate 
solution (leaving the coal in suspension), using starch as indicator. 
(2) Iodine chloride in solution in glacial acetic acid was employed 
in place of aqueous iodine, using 10 c.c. of N /5-solution with 0T 
gram of coal. 

Preliminary work with different coals showed that a considerable 
proportion of the iodine removed from solution by the coal was 
evolved on keeping in contact with sodium thiosulphate solution. 
This evolution was not affected to an appreciable extent by the 
acidity of the solution, and appeared to be of iodine merely 
adsorbed by the coal. The adsorbed iodine was determined by 
adding definite volumes of sodium thiosulphate solution in excess 
at intervals until no further evolution could be detected, the final 
titration being made at the end of twenty-four hours. 

' Destructive / Distillation. Gaseous Products,-—The method . of, 
experiment and apparatus were as described by Burges? and 
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Wheeler (?., 1911, 99, 639), except that 1 gram only of coal was 
employed without admixture with sand. 

Liquid Products .—The general arrangement of apparatus and 
method of carrying out- the distillations were similar to those 
employed hy Jones and Wheeler (T., 1914, 105, 140). In the 
place of the spherical retort used by them, a cylindrical vessel of 
Jena glass, 4 cm. in diameter and 14 cm. long., was employed. 
This form of retort allowed of a more rapid equalisation of 
temperature throughout the mass of the coal than the spherical 
form, and permitted, in consequence, more rapid distillation. The 
coal (about 200 grams in weight) with which the retort was com¬ 
pletely filled was undried, and was sieved so as to pass through a 
10 and remain on a 60 mesh sieve. It was held in position, when 
the retort was inverted during the distillation, by a plug of glass 
wool. 

Home Office Experimental Station, 

Esemeals. [Received, April 30th, 1819.] 


LI1L- — The Rotation-dispersion of Butyl , Heptyl, and 
Octyl Tartrates. 

By Percy Faraday Frankland and Frederic Horace Garner. 

Anomalous rotation-dispersion is exhibited by comparatively few 
optically active compounds in tbe homogeneous state; sucb com¬ 
pounds may be conveniently classified into (1) those containing 
one asymmetric carbon atom, (2) those containing more than one 
asymmetric carbon atom, and (3) those having an absorption band 
in the visible part of the spectrum. 

The first two of these classes and certain members of the last 
class exhibit a remarkable similarity in the influence which 
temperature and solution have on their rotation-dispersion. By 
examination of the circumstances in which these compounds exhibit 
anomalous rotation-dispersion, it is seen that in all cases the com¬ 
pound 'becomes, or tends to become , normal in its rotation-dis¬ 
persion the farther its rotation is removed from the line of zero- 
rotation by the effects of temperature or dilution in solution; that 
is. in all cases the anomaly occurs relatively^ near to the line of 
zero-rotation. ;v- 

* A high temperature-coefficient or dilution-coefficient is thus essential 
to the occurrence of the anomaly. 
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' Much use has been made in recent years of the so-called charac¬ 
teristic diagram'" of Armstrong and Walker ( Proc . Boy. Soc. s 1913, 
[A], 88, 388) for representing the phenomena of rotation-dispersion.. 
Such a diagram for a-butyl tartrate is drawn in Fig. 1a, in which, 
are set out the specific rotations for different temperatures for the 
wave-lengths 4861, 5461, 5893, and 6708. It may he pointed out 
that in such a diagram a line is drawn at 45° to the line of zero- 
rotation, and on this line the rotation values for wave-length 5461 
(mercury-green) are set out-. Thus, for any given temperature, the 
position of the rotation value for A 5461 is found on this line, and 
on a vertical ordinate through this point are marked the rotations 
at the same temperature for the other •wave-lengths. After pro¬ 
ceeding in the same way for observations made at other tempera¬ 
tures, the points representing the specific rotations for each wave¬ 
length are Joined up by lines, which are found to be approximately 
straight and to intersect either in a single point or in a series 
of points near the line of zero-rotation. 

In the above case of butyl tartrate, it will be seen that the 
points representing the rotations at the higher temperatures do 
not fall on their respective wave-length lines. This divergence is 
due to the maximal values for specific rotation being reached at 
different temperatures for different wave-lengths. The points for 
each wave-length thus cease to lie on a straight line when the 
neighbourhood of the maximum rotation is reached. Thus, in 
Fig. 1a ©specially is this the case for A 5893 and 6708. Of course, 
all values for A 5461 (mercury-green) He by definition on the line 
drawn at 45° to the zero-line. 

It is obvious that the same diagram may be used for similarly 
recording changes in rotatory dispersion brought about by solution 
and other influences, besides that of temperature. 

The characteristic diagram, which thus serves to correlate the 
rotatory powers of many derivatives of similar constitution or of 
the same parent substance, has been successfully used by Pickard 
and Kenyon (T., 1914, 105, 843). to predict the conditions under 
which j3-oetyl acetate "would exhibit anomalous rotation-dispersion. 

For most, if not all, of the substances described by Pickard and 
Kenyon, the characteristic, diagram represents.dines, (for [a] 4359 , 
[“Issasj an< * in. some cases [a] merTOry; yenow) which do not intersect 
on the line of zero-rotation, but at some distance either above or 
below this line. If, therefore, the characteristic diagram is really 
indicative of the optical properties of the compounds of which the 
rotation values are plotted, then, obviously, all these compounds 
must have anomalous rotation-dispersion when the rotation, assumes 
a value falling between zero and the value of the rotation at the 
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point of intersection of these lines. Pickard and Kenyon, adopt 
mg the hypothesis of Armstrong and Walker that anomalous rota¬ 
tion-dispersion is always due to the presence of dynamic isomerides, 
ascribe the anomaly in the rotation-dispersion of some of the com¬ 
pounds studied by them to the fact that “ the esters at low tempera¬ 
tures, and methyl-a-naphthylcarbinol at high temperatures, are, or 
tend to become, really homogeneous, as the conditions of tempera¬ 
ture favour the existence of one only of the two isomeric forms, 
which have been assumed to be present” (T., 1914, 105, 1119). 
As.a corollary of this, it would therefore follow that when optically 
active compounds assume rotation values between zero and that of 
the intersection point on the characteristic diagram, two dynamic 
isomerides are present. 

As already pointed out by Patterson (Trans. Faraday Sac., 1914, 
10, 74), however, the values of the rotation in the characteristic 
diagram “do not necessarily have anything whatever to do with 
the presence or absence of dynamic isomerides ”; the characteristic 
diagram is, in fact, a convenient method of plotting the rotation 
values for different wave-lengths against the rotation value for a 
particular wave-length. It thus affords a test as to whether the 
dispersion-coefficient A[a]xj/A[a]x 2 * (Winther, Zeitsch. physikal , 
Chem., 1903, 45, 373) is constant during the variation of the 
rotation, which may be brought about by (1) changes in the con¬ 
centration of the active compound in solution, (2) changes of 
temperature, (3) changes of solvent, (4) changes caused by the 
combination of the active compound, and (5) changes caused by 
the substitution of one member of a series, for another (really a 
special ease of No. 4). By means of this method, in fact, a number 
of isolated observations, made under varied conditions, may be 
co-ordinated in one diagram. 

The “rational zero/'’ advocated by Patterson (T., 1916, 109, 
1176), when used for calculating the dispersion-coefficient gives 
much more constant values than if the zero of rotation is used for 
this purpose. Moreover, the main features of the characteristic 
diagram are actually summarised by the values of the rational 
zeros and the rational dispersion-coefficients. 

In the case of a single optically active compound, the character¬ 
istic diagram, in part, eliminates the accidental condition of the 
compound. On the same diagram may be co-ordinated the rotation 
values for different wave-lengths for a compound at different 
temperatures, in various concentrations, in different solvents, and 

* A[«].v, and are the corresponding changes produced in the 

rotation for the wave-lengths A, and A, respectively, by varying Ahe;.. con¬ 
dition of the active compound. 
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even in some eases in different states of combination ; thus the 
characteristic diagram does seem to justify its name. 

Compounds, the characteristic diagram of which approach the 
ideal represented by the lines for different wave-lengths crossing 
at the same point, have always normal rotation-dispersion; in such 
eases, the rotation value is generally little influenced by solution, 
change of temperature, and substitution. In such compounds, 
for example, menthol and its derivatives, owing to the limited 
range of accessible rotation values, the rotation-dispersion cannot 
readily be investigated under conditions in which the characteristic 
diagram indicates that it would be anomalous. 

At the other extreme, there are compounds of which the 
characteristic diagram represents lines crossing in a series of points 
some distance from the line of zero-rotation. In these compounds, 
for example, tartaric acid and its esters, the rotation is generally 
markedly changed by the factors of temperature, solution, and 
substitution; in this case, it is comparatively easy to bring the 
rotation to such a value that the rotation-dispersion becomes 
anomalous. Between these two extreme types of compounds there 
are, of course, intermediate types. Whilst the characteristic 
diagram does not represent accurately the rotation-dispersion of 
a compound under all conditions (see Patterson, T., 1916, 109, 
1202), it nevertheless presents some advantages over previous 
methods of representation. 

There are many facts which are difficult to explain on the hypo¬ 
thesis that anomalous rotation-dispersion is an indication of 
dynamic isomerism as postulated by Lowry and others. 

Patterson (T., 1916, 109, 1204) has shown the absurdity and 
incompatibility of many of the hypotheses adopted in constructing 
formulae to explain dynamic isomerism. 

Pickard and Kenyon (T., 1915, 107, 42) have observed instances 
of complex rotation-dispersion with certain menthyl esters; if this 
is assumed to be due to the presence of dynamic isomerides, the 
existence of a /-menthyl ester having dextrorotatory power is 
postulated (since to produce anomalous dispersion, two substances 
of opposite rotatory power must be present; see Armstrong and 
Walker. Trans. Faraday Soc 1914, 10, 88). The great improba¬ 
bility of this conclusion is evident from the fact that, at present, 
there appears to be no record of a dextrorotatory /-menthyl ester. 

Again, compounds of similar constitution are in the one ease 
(a) anomalous at high temperatures and normal at low tempera¬ 
tures, and (b) normal at high temperatures and anomalous at low 
temperatures (but in each case only when the temperature-rotation 
curve approaches zero); dimethyl acetylchloromalate is an example 
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of tdh.© first and diethyl acetylchloromalate of the second (Walden,, 
Zeitsch . physikal. Ghent., 1906, 55, 42); methyl- and hexyl~«~ 
uaphthylcarbinol are examples of the second case, whilst acftetra- 
liydronaphthylcarbinol "belongs to the first category (Pickard and 
Kenyon, T., 1914, 105, 1115, 2644, 2677). 

A striking confirmation of the above views is found in the results 
obtained by Pickard and Kenyon (T., 1915, 107,. 115). The 
1-naphthoate ■ of j8-hexyl-, j8-heptyl-, /3-octyl-, /3-decyl-, and 
/3-imdecyl-carbinols are simple ” * at high temperatures and 
“complex” at low temperatures, the 1-naphthoate of y-nonyl- 
carbinol is “simple” at low temperatures and “complex” at high 
temperatures, whilst the 1-naphthoate of benzylmethylcarbinol is 
“simple” at all temperatures- In all these cases, if the compound 
exhibits “complex” rotation-dispersion, this occurs as the tempera¬ 
ture-rotation curve approaches zero; it is particularly noteworthy 
that, of the above compounds, the only one that is “ simple “ at 
all temperatures has a temperature-rotation curve which never 
approaches zero closely. 

The test for “simple” and “complex” rotation-dispersion is 
unfortunately not definite in cases where a compound is “simple” 
at one temperature and “'complex” at another temperature; at 
intermediate temperatures, it becomes impossible definitely to 
classify the rotation-dispersion according to these groups. In 
order to illustrate this distinction between “simple” and “com¬ 
plex” rotation-dispersion, we have drawn a diagram (Fig. 1 b) for 
A-butyl tartrate in which 1/a is plotted against A. 2 . It will be seen 
that whilst the low-temperature lines are curved, this curvature 
diminishes with rise of temperature, and at 165° the line becomes 
almost perfectly straight. This signifies that the rotation-dis¬ 
persion of n-butyl tartrate is “ complex ” at low, but almost 
“simple” at high, temperatures. 

It should be pointed out, again, that a substance of which the 
rotation-dispersion can be represented by the formula 
[«] = K/A 2 ~A 0 2 , 

within the limits of experimental error, that is, is “ simple,” may 

■.The terms “ simple ” and “ complex ” are here used instead of normal 
and anomalous because the rotation can be more easily classified into simple 
and complex; on plotting the values for 1/a against X 2 , if a straight line 
...results, then, the .rotation-dispersion, is simple ; if a curve then, the rotation- 
dispersion is oomplex. It seems advisable to retain the use of both sets of 
terras; thus a compound is anomalous if a maximum occurs in its rotation- 
dispersion curve, or is normal if no maximum is present. An anomalous 
compound is thus always complex, whilst a normal compound is simple or 
complex according to its behaviour when subjected to the above-mentioned 
... teat. 1 ; r W 
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not necessarily conform to this equation with more accurate deter¬ 
minations of the rotation ■ for, as Lowry points out (Frans. 
Faraday Soc., 1914, 10, 57), quartz, of which the rotation-dis¬ 
persion, when most accurately measured, requires three such terms, 
that is, is u complex,” can be represented within the same limits 
of accuracy as are employed in the case of optically active organic 
compounds by the “simple’'' formula. It is, in fact, highly prob¬ 
able that the rotation-dispersion of optically active compounds can 
only be represented accurately by a series of such terms. In 
general, however, the constants in these terms (E (n) and A 0 „.} are 
sufficiently close together for one term to suffice to express accu¬ 
rately enough the rotation-dispersion. When a compound, by a 
variation of temperature or concentration in solution, becomes 
“ complex ” in its rotation-dispersion, these constants (E {n] and A 0W ) 
(constants for the rotation-dispersion under one condition, but 
varying from one condition to another) have assumed such values 
in the several terms that these terms can no longer be united in a 
single term. 

In the present investigation, the rotation-dispersion of n-butyl, 
n-heptyl, and w-octyl tartrates has been observed over a wide 
range of temperature and for a number of wave-lengths of light. 

The polarimeter used was a Schmidt and Haentsch with triple 
held and fitted with their dispersion attachment, the iliuminant 
being a Nernst lamp. The prism of the dispersion apparatus was 
calibrated by using the spectrum, lines of hydrogen, mercury, and 
sodium; the constants of the prism for the Hartmann formula 
were calculated from these measurements, and hence the reading 
of the scale corresponding with any desired wave-length could be 
found. Rotations were also measured with sodium light, and these 
were compared with the readings obtained with the dispersion 
apparatus when the scale was set at the point corresponding with 
the mean of the sodium lines; in all cases, these readings were 
equal within the limits of experimental error. 

The experimental error is much greater in the violet and extreme 
red than in the middle part of the spectrum, owing to the difficulty 
in measurement and. also-to the reduction in luminosity. 

The rotation-dispersion .of., methyl, ethyl,. and propyl tartrates 
has already been investigated for a wide range of temperatures by 
Winther .and Walden. Winther ’ (Zeitsch. physihal. Chem., 1902', 
41, 161) has' recorded observations, from, about. : 20°'to. 100°, whilst 
Walden (Ber. } 1905, 38 , 366) measured rotations from —65° to 
.170°. We have investigated the rotation-dispersion of butyl 
tartrate from,. 9° to 170°, and of heptyl and octyl tartrates from 
their melting points up to about 170°; it was found that the com- 
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pounds decomposed slightly at the higher temperatures, but by 
again taking readings at a lower temperature, it was shown that 
no appreciable change in the rotation had occurred. The readings 
of both Wiother and Walden were taken with coloured lights 
obtained by means of light filters; more recently, Lowry and others 
have determined the rotation-dispersion of methyl and ethyl 


Tig. 1. 



tartrates-at two or three temperatures for different wave-lengths of 
light obtained from the mercury and cadmium arcs (T., 1915, 107, 
1173, 1187). The temperature-rotation curves of all these esters 
exhibit maxima, and for comparison, in fig. 1, the temperature- 
rotation curves for sodium light for butyl, heptyl, and octyl 
tartratevs are given, together with those obtained by Patterson (T,, 
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1904, 35, 765; 1913, 103. 173) for methyl, ethyl, and propyl 
tartrates. 

In the following table, the temperatures at which a maximum 
observed rotation for different wave-lengths is obtained, are 
recorded for the several members of the series. 

Table I. 


Maxima in Observed Rotation. 


Methyl tartrate .. 

Bed. 

A = 665 

.. 160° 

Yellow, Green. 
589 533 

— 180° 

Blue. 

4S8 

Violet. 

448 

Ethyl 

. 140 

150° 

155 

170° 

180° 

Propyl ,, 

. 115 

120 

125 

125 

134 

Butyl „ 

120 

125 

130 

135 

— 

Heptyl ,, 

. 125 

130 

135 

140 

— 

Octyl „ 

. 125 

130 

135 

140 

“ 


Fig. 1a. 



The values for the first three members of the series are taken 
from Walden ( loc. cit.) and from Patterson (T., 1913, 103, 149, 
165). 

In the temperature-rotation curves for butyl, heptyl, and octyl 
tartrates (Figs. 2, 3, and 4 respectively), the maxima in the 
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specific rotation for all wave-lengths lie at temperatures above 
150°. 

The rotation-dispersion curves for butyl, heptyl, and octyl 
tartrates (Figs.5, 6, and 7 respectively) exhibit a maximum rota¬ 
tion at the lower temperatures only. 

The following figures show the effect of ascending the series on 
the rotation of the tartrates. 


Fig. 1b. 



p i 2 3 4 


Wave-length square (A 2 ). 

Table II. 

Methyl.* Ethyl.* Propyl.* Butyl. Heptyl. Octyl. 


a 1 ;' 1 '... 7-73° „ 15-30° . 18-25° 15-40° 10-88° 10*16° 

ia] 1 *'” .. 6-18 13-70 17-20 15*00 11*44 10-84 

[Ml« a .. 11-00 28*21 40-10 39-34 39-57 39*55 


* Patterson (lac, cit.)* 

Thus in the observed and specific rotations there is a maximum 
at the propyl member of the series but in the paolecular rotation 
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In Fig. 8, the molecular rotations for various coloured lights 
are shown for the several members of-the series for a temperature 
of 100°; the molecular rotation for all colour■$ remains approxim¬ 
ately constant after tha propyl member is reached. 

Butyl, heptyl, and octyl tartrates are “anomalous ” at low 



temperatures, and tend to become '/normal” at high tempera¬ 
tures; this is readily seen by reference to Figs. 2, 3, and 4, in 
which the curves for the shorter wave-lengths cross the curves for 
the longer wave-lengths at low temperatures; the ratio, therefore, 
of any rotation for any wave-length to that for mercury-green 
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(a= 5461) varies considerably at low temperatures. Afc higher 
temperatures, the figures in the following table show that the ratio 
tends to become constant. 



4100 5100 6100 0100 

Wave-length. 


Table III. 



A= 6708 

5893 

(Mercury 

Green.) 

5461 

6086 

Butyl tartrate at 21-5° 

. 0-773 

0-928 

1-0 

1-028 

», „ 41-5 

.. 0*758 

0-911 

1*0 

1-070 

98 

.. 0-723 

0-892 

1*0 

1-098 

„ „ 128 

.. 0*707 

0-888 

1-0 

1-119 

„ „ 165 

Heptyl tartrate at 168° 

. 0-709 

0-888 

1-0 

1-113 

.. 0-707 

0-886 

1*0 

1*116 

G'etyl:' tartrate; at 165° : ' 

........ 0-707 

0-888 

1-0 

1*114 


The ratios for butyl, heptyl, and octyl tartrates for the same 
wave-lengths are approximately equal at the higher temperatures 
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whilst these ratios are rather high, they are net sufficiently high 
to indicate that the esters are abnormal in their rotation-dispersion. 
On applying the test for “simple” and “complex” rotatory dis¬ 
persion (see footnote, p. G40), however, it is found that at all 
temperatures the rotation-dispersion is complex, but the farther 
the rotation is removed from the zero line by raising the tempera- 


Fig. 6, 



ture, the more simple (or less complex) does the rotation become; 
thus at high temperatures the curve 1/a against A 2 has only a very 
slight curvature, for example, see Fig. 1b. 

Experimental. 

The esters were prepared by a modification of the usual hydro¬ 
chloric acid; method of esterification; four molecular proportions of 
alcohol : and one of acid were mixedand saturated' with dry;; 




650 FRANKLAND AND GARNER : THE ROT AT ION "DISPERSION OF 

hydrogen chloride while the mixture was heated on a water-bath. 
After leaving the mixture for a few weeks, it was again saturated 
with hydrogen chloride, this time in the cold; the hydrochloric 
acid, water, and excess of alcohol were distilled off, and the residual 
ester was then distilled in a partial vacuum of 12 mm. (in the case 
of heptyl and octyl tartrates, recrystallisation from light petroleum 


Fig. 7. 



Wave-length. 


was also adopted for the purification of the residual ester). By 
this method of esterification, an almost theoretical yield of ester 
{calculated on the acid used) was obtained. 

In the case of heptyl tartrate, specimens were also prepared in 
the following- ways: 

(1) The mixture of acid and alcohol was-saturated with hydrogen 
chloride in the cold, the hydrochloric acid being removed, after 
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pevoral weeks, by keeping in a desiccator; the ester crystallised out, 
and was recrystallised from light petroleum. 

The heptyl tartrate obtained in this way had al> 00 10-90°. 

(2) Patterson and Dickinson’s method (T., 1901, 79, 280) was 
employed, commencing with ethyl tartrate. The product had 
a L 00 10-85°. 

The heptyl tartrate prepared by the method given above had 
a™ 0 10'88 o , and thus no appreciable racemisation is produced by 
this method of esterification. 



rUtkyl tlhyl Propyl bulyl (Amyl) (H«2*5|£) Heptyt C>clyV 


n-Butyl tartrate was prepared from butyl alcohol boiling at 
115 * 5 —117°/752 mm. (The boiling point of pure w-butyl alcohol 
is 116*5—117-2°/760 mm.) After six distillations in a vacuum of 
12 mm,, the butyl tartrate had a s £ s 22'25° (/==2-dcm.); this rota¬ 
tion is slightly less than that recorded by Freundler (Ann. Ghim. 
Phys., 1893, [vii], 3, 446), namely, a™ 22‘51° (£ = 2-dcm.), A speci¬ 
men of butyl tartrate prepared from a slightly impure alcohol (b. p. 
115—117°), however, we found to. have af* 24"64° (?—2-dcm,). 
Butyl tartrate melts at 22° (Freundler, Bull. Soc. chim., 1894, [iii], 
11, 309, gives 21—22°) and boils at 178°/12 mm. (Freundler gives 
208°/12 mm.). It exhibits a maximum in its rotation-dispersion 
within the wave-lengths recorded at temperatures below 70°. 

■ ■ Densities. 

Temperature 18° 61-0° 101*2° 182-5° 169*5° 

D; .. 1-0968 1-0600 1-0246 0-9986 0-9654 











Butyl Tartrate. 
TemjJeraiure 9 °. Density 1 * 1044 . 
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Temperature 128°. Density 1-0011. 
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n ilrpti/J tartrate , C 5S H 34 0 (; , which lias not previously been 
described, was prepared from heptyl alcohol boiling' at 175—176° 
(pure heptyl alcohol boils at 175'5°), It melts at 35—35*5° and 
boils at 228°/12 mm. and 235°/14 mm. It has 21*76° 

(l =-2-dern.). Its rotation-dispersion curves exhibit maxima 
between the wave-lengths recorded for temperatures below 70°. It 
was found impossible to supercool heptyl and octyl tartrates below 
more than 5° of their melting points without- crystallisation 
occurring. 

■ Densities. .■•■■■ 

Temperature 


41 0° 
0-9983 


07- 

0-9770 


105*3° 

0*9473 


131*1° 

0-9283 















Heptyl Tartrate. 
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II -Octyl tartrate, CboHggO,-,, was prepared from octyl alcohol boil¬ 
ing at 194—195*5° (pure n-octyl alcohol boils at 195°). It melts 
at 41—42° and boils at 252°'/16 mm. It has a 1 ^ 20*32° 

(Z==2-dcin,). 

A maximum is present in the rotation-dispersion curve at 45°. 
Densities. 


Temperature...... 54-1° 73-5° 100-3° 135T C 

D{ . 0-D746 0-9601 0-9380 0-9112 



.. 5461 5323 5219 5154 5086 5004 4861 4662 

(£==2-dcm.) ... 22-28 22-96 23-74 24-06 24-33 24-74 20-39 26-1 

H .. 11-76 12-12 12-53 12-70 12-84 13-06 13-40 13-8 

tfl .. 44-06 45-42 46-95 47-58 48-II 48-92 50-22 51-7 





















Temperature 112°. Density O' 9292, 
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CiiOOrJ< 0004 

3 *^ 8**3 



















Temperature 145°. Density 0'9035. 
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LI V,— The Tannin of the Canadian Hemlock 
(Tauga Canadensis, Carr.). 

By Rodger James Manning and Maximilian Nierenstein. 

Although the chemistry of the pyrogallol tannins, of which gal io¬ 
ta main is the best known representative, has progressed during 
the last fifteen years, little or nothing' has been published on the 
catechol (phlobaphen-producing) tannins, to which group nearly 
all the technically important vegetable tanning materials belong. 
We have investigated hemlock tannin, a representative of this 
group, in view of its colonial importance,; and have accumulated 
observations during the three and a-half years this work has been 
in progress which we describe in this paper, without, however, 
attempting' to draw any conclusions as to the probable constitu¬ 
tion of hemlock tannin. Those who are acquainted with the litera¬ 
ture on gallotannin (compare Dekker, ‘'De Looistoffen,” 1906; 
Nierenstein, Chemie der Gerbstoffe/’ 1910; Dekker, "' Die 
G-erbstoffe,” 1913; Perkin and Everest, “ The Natural Organic 
Colouring Matters/ 5 19,18) will be struck by the numerous formulae 
which have been suggested for gallotannin, and the contradictory 
results that have been obtained. This is due to the amorphous 
character of gallotannin in particular and the tannins in general, 
and it is for this reason that we give our results on hemlock tannin 
without committing ourselves at this juncture to any theoretical 
discussion on the subject. 


lioftiiii/er's Bramo-hentlock Tannin, 

Bottinger (Ber., 1884, 17, 1041) examined the action of bromine 
on tannin extracts, and determined the percentage of bromine 
contained in the precipitated bromo-eompounds, On the basis of 
the bromo-eompounds obtained from mangrove, hemlock, 
quebracho, mimosa, chestnut, Term japonim, and spruce, he pro¬ 
posed formulae for these tannins which are more or less generally 
accepted. Bottinger’s formula for hemlock tannin is C 20 H ls O l0 ; 
he deduced this from his bromo-derivative, C 2(} H 34 O 10 Br 4 , from 
which he also prepared the acetyl derivative, C 20 H 9 O 10 Br 4 Ac r> . 
We have made a careful re-investigation of Bottingers work on 
hemlock tannin, with, the following" results: 

(1) Botiingers bromination method does not always yield the 
same product, O 2[) H 14 O 10 Br 4 , which requires Br = 43"60 per cent., 



CANADIAN HEMLOCK (TSTTGA CAN ADEN SIS, CAKE,). 063 

but a series of compounds in which the bromine content varies 
from 40 to 49 per cent. Tlie analyses of eleven preparations gave: 
Br = 41*28, 47-56, 43-88, 40*12, 43*20, 47-29, 44*56, 41*74, 48*48, 
41*56, and 43*26 per cent. 

(2) If Bottinger's product is obtained, it can be fractionated 
into a number of compounds in which the bromine content varies 
from 40 to 48 per cent. The fractionation method employed by 
us consisted in dissolving* the bromo-compound in acetone and 
fractionally precipitating by the addition of chloroform. Three 
such experiments were made, and the results were: 

Experiment 1 .—Bromine content of product, 43-12 per cent. 

Fractions: I. II. III. IV. V. 

Br =* 43-50 45-63 46-82 46*96 48-09 per cent. 

Experiment 11 .—Bromine content of product, 43*88 per cent. 

Fractions; I. II. HI. IV. V. 

Br = 40-22 42-S4 44*22 47*86 48-56 per cent. 

Experiment ///.—Bromine content of product, 43*98 per cent 

Fractions: I. II. III. 

Br = 41-98 44-56 46-22 per cent. 

(3) If hemlock tannin is prepared and fractionated by the 
method described later, and the different fractions are brominated 
separately, a series of bromo-compounds is obtained in which the 
bromine content increases as the phlobaphen content decreases. 






Brom i tutted 

Hem 

lock 

■Brom 

mated 

Phlobaphen*. 


Tannin, 


Frac¬ 



Frac¬ 




tions : 

I. 

II. 

tions 

: I. 

HI. 

V. • 

Br = 

38*59 

42*33% 

Br 

= 43-56 

46-82 

47-40% 

Br = 

39-14 

41-56% 

Br 

;ts' - 

46-77 

48*09% 

Bi- = 

40-H 

42-82% 

Br 

’ = 

46*96 

48-22% 

Br « 

: ■ 


Br 


— : 

49*50% 


Our results suggest that Bottinger’s formula for hemlock tannin 
and bromo-hemlock tannin must be disregarded, which conclusion, 
probably, also applies to the other bromo-tannins mentioned. 


..""■Alkali Mt/drolysh of : Bromo-hemlock Tannin. 

During his investigations on bromo-quehraeho tannin, Nieren- 
stein (Collegium, 1905, 69) obtained on hydrolysis with alcoholic 
potassium hydroxide (1) /.s-ovanillic acid, and (2) a substance, 
C s H 7 0 4 Br, to which he assigned provisionally the name monobromo- 
quebrachilic acid- • The latter crystallised from chloroform in small 
needles melting at 119—120°. We have extended these investi- 
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gallons to bromo-liemlock tannin, but were only able to isolate a 
substance, C 8 H 7 0 4 Br, which apparently is closely allied to rnono- 
bromoquebrachilic acid, and is provisionally called monobrnnio 
isugin-io acid. For comparison, the melting points of these two 
substances and of their derivatives are tabulated. 


Mono b romoqu e b ra chilic A cid . 

Free acid ... in. p. 119—120° 
Methyl ester m. p. 96— 98° 
Ethyl ester... m. p. 93— 94° 


Moaohromotsuginic A cid. 

Free acid ... in. p. 143—145° 
Methyl ester m. p. 108—111 0 
Ethyl ester m. p. TOO—102° 


Nierensfcein (Joe. cit.) obtained from monobromoquebrachilic 
acid on further hydrolysis monobromoresorcinol, but we have 
failed to isolate any definite disintegration product from mono- 
bromotsuginic acid. 

Alkali Hydrolysis. —About 10 grams of bromo-hemlock tannin 
containing 44*56 per cent, of bromine were heated under reflux 
on a water-bath with 100 e.c. of 20 per cent, alcoholic potassium 
hydroxide for six hours, and the solution was filtered after dilu¬ 
tion with water. The filtrate was evaporated to dryness and 
extracted with acidified boiling alcohol. After several days, a 
crop of needles (about 0-1 gram) was obtained, which was collected 
and recrystallised from alcohol and benzene. Bepetifcion of the 
hydrolysis gave amounts of crude monobromotsuginic acid vary¬ 
ing from 0*7 to 1-2 per cent, of the weight of bromo-heralock 
tannin. 

Monobromotsuginic acid crystallises from alcohol and benzene 
in small, sharp needles which melt at 143—145°, carbon dioxide 
being evolved. 

Found: C = 38*75;■ H = 3*42; Br = 31*62. M.W. = 251. 

C 8 H 7 0 4 Br requires 0=38*87; H = 2‘87;Br = 32*39 per cent. 

M.W. = 247. 

The methyl ester, prepared by the hydrochloric acid method, 
crystallises from chloroform in silky needles melting at 108—111°. 

Found: 0=41*95; H = 3'67. 

C a H 9 0 4 Br requires 0 = 41*38; H = 3*44 per cent. 

The ethyl ester crystallises from alcohol in needles melting at 
100 — 102 °. 

Found: C = 43*22; H = 4*58. 

C^HiiO.jBr requires 0 = 43*63; H=4‘00 per cent. 

The acetyl derivative is prepared by digesting monobromo- 
tsuginic acid with acetic anhydride for several hours, the excess of 
acetic anhydride being removed in a vacuum. It separates from 
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alcohol in small, cubic crystals melting at 124—126°, carbon 
dioxlle being evolved. 

Found: 0 = 41*22; H = 3*64. 

C 1(j H 9 0 5 Br requires C = 41*52; H = 3T2 per cent. 

Attempts to prepare carbethoxy- and benzoyl derivatives failed, 
as the products did not crystallise. 

So far as it is possible to deduce from the above data, mono- 
bromotsuginic acid may be regarded as having the constitution 
C0 2 H-C 7 H 5 0Br-0H. 

Much work, however, is still required before it will be possible 
to decide on a definite constitution for this fission product, which 
in time may prove of importance to the chemistry of hemlock 
tannin in particular and the catechol tannins in general. 


Preparation of Hemlock Tannin . 

The finely sieved hemlock bark (about 8 kilos, were used each 
time) was extracted repeatedly with acetone. The extraction must 
always be carried out in the cold, on account of the ease with 
which hemlock tannin is oxidised to phlobaphens. The united 
acetone solutions were evaporated to one-third of their bulk under 
diminished pressure at about 55°. In this and in the succeeding 
operations, great care must be taken to beep the temperature as 
low as possible, as otherwise a considerable loss of hemlock tannin 
occurs through the formation of phlobaphen. 

In order to precipitate the phlobaphens, the concentrated acetone 
solution was poured into twice its bulk of water and allowed to 
remain overnight. The phlobaphens, which appeared as a bulky, 
dark red mass, were collected, washed, and dried in a desiccator. 
The filtrate, which contained the hemlock tannin and always a 
certain amount of unprecipitated phlobaphens, was evaporated to 
a viscid mass in a vacuum at a temperature not exceeding 55°. 
This was dissolved in 570 c.c. of alcohol, and if still rich in 
phlobaphens gave a further precipitation if diluted with an equal 
amount of water. Usually, only a small portion of the alcoholic 
solution was tested, so as to avoid loss through oxidation. If, 
then, on adding water to a test portion little or no precipitation 
of phlobaphens took place, the whole alcoholic solution was 
evaporated to dryness under diminished pressure, at 55°. On the 
other hand, if mueh phlobaphen was precipitated, the solution was 
diluted with an equal amount of water, and the preceding opera¬ 
tions were repeated. The resultant mass (about 300 grams) was 
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carefully dried, and appeared then as a dark red, brittle sub¬ 
stance, evidently still rich in phlobaphens. 

The crude hemlock tannin (100 grams) was extracted with 
750 c.c. of carefully dried acetone. The acetone was added in 
several portions and filtered before each fresh addition. The 
residue insoluble in acetone appeared, when carefully washed with 
light petroleum and dried in a vacuum at 70°, as a pale brown 
powder, which weighed about 5 grams. The dark red acetone 
solution was treated with portions of 50, 100, and 400 c.c. of 
chloroform, as used by bfierenstein in the purification of gallo- 
tannln ( Annular, 1912, 383, 243). The first two fractions were 
dark and inclined to be viscid. The third fraction was pink. 
When washed with light petroleum and dried in a vacuum, they 
weighed respectively 8, 12, and 35 grams. The filtrate from 
fraction III was evaporated to dryness under diminished pressure 
at 55°, and the residue dissolved in 150 c.c. of ethyl acetate, which 
when poured into 200 c.c. of chloroform yielded 26 grams of a 
light-coloured precipitate. The filtrate was again evaporated to 
dryness, the residue dissolved in 100 c.c. of ethyl acetate, and 
fractions V and VI were precipitated by successive addition of 
100 c.c. of chloroform. Fraction V (10 grams) was faintly pink, 
whilst fraction VI (2 grams) was creamy-white. 

Found: 

Fraction III.—0 = 61*58, 61-86;. 11 = 5-05, 5*29. 

Fraction IV.—0=63*52, 63-30; H=5*31, 5*33. 

Fraction V.™0= 64-09; H = 5*41. 

Fraction VI.—0=64-24, 64-06, 64*33; H = 4-88, 5*08, 5-23 
per cent. 

The amorphous character of the products and also the varia¬ 
tions in the composition of the different fractions show how un¬ 
desirable it is to calculate an empirical formula for hemlock tannin, 
as is also the case with gallotannin (compare Nierenstem, Annalen , 
1912, 388, 243). In addition to this, hemlock tannin also contains 
traces of a inethoxy-compouiid, from which we have not succeeded 
in freeing it. We found that even the purest fraction (VI) con¬ 
tained 0Me= 0*80, whilst some of the other fractions gave as much 
as 3*56 per cent, of methoxyl.* 

* Boring these investigations, experiments were; also made to see if some 
of the methoxylin the, hemlock tannin showed resistance towards hydriodie 
acid, and we therefore re-heated the Perkin-Zeisel apparatus on the following 
day after the methoxy-ostimations had been carried out, as described by 
Herzig {Monaish., 1905, 25, 003; 190b, 29. 263} during his investigation of 
ellagic acid. We were thus able to observe an increase in the inethoxy - 
content which, however, could be accounted for by the formation of a 
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Purified hemlock tannin is a pink, amorphous powder which 
does not melt when heated above 300°, but- begins to decompose 
at about 260—275°. It is soluble in alcohol, acetone, ethyl 
acetate, or water, in which it forms deep red solutions. When 
hydrolysed according to Fischer and Freudenberg’s method ( Ber ., 
1912, 45, 915) for the estimation of sugar in gallotannin, it was 
found that- hemlock tannin does not contain any kind of sugar. 
With iron chloride it gives a deep green coloration, especially in 
alcoholic solution. Hemlock tannin is px’ecipitated by gelatin or 
alkaloids, and is quantitatively absorbed by caseinogen (compare 
Korner and Nierenstein, Chem. Zeit., 1911, 36, 31; Nierenstein, 
Annalen, 1912, 383, 224; Spiers, J. Af/ric. 8ci.< 1919, 6, 77). 

Alkali 11yd redysis of Hemlock Tannin. 

(1) Alcoholic Potassium Hydroxide. —The only, definite fission 
product obtained by this method was protocateehuic acid, crystal¬ 
lising from water in small needles melting at 191—194°, carbon 
dioxide being evolved. When mixed with protocateehuic acid, no 
depression (in. p. 193—-194°) was observed. 

(2) Alcoholic Barium, Hydroxide. —We originally used aqueous 
barium hydroxide with some success, but later employed the 
methyl-alcoholic solution (compare Muller, T., 1915, 107, 874). 
This hydrolysis yielded protocateehuic acid, 2:3-dihydroxybenzoic 
acid, and a new substance, C I0 H s O 3 , which was apparently an 
aldehyde. 

The hydrolysis was carried out by heating about 10 grams of 
hemlock tannin with an excess of methyl-alcoholic barium hydr¬ 
oxide for eight to ten hours under reflux. The alcohol was then 
removed on the water-bath, and the residue diluted with water 
and acidified with dilute sulphuric acid. The liquid, and also the 
barium sulphate precipitate, were extracted several times with 
ether, and the ethereal solution (solution it) treated with sodium 
hydrogen carbonate solution saturated with carbon dioxide. The 
aqueous part thus obtained was acidified and extracted with ether 
(solution B), and both ethereal solutions were investigated 
separately. 

Ethereal Solution A.—The solution left, on evaporation, a tarry 

precipitate of silver iodide when hydriodic acid and acetic anhydride are left 
for twenty-four hours and then heated (Manning and Nierenstein, Ber,, 1913, 
46, 3983. Critics of this note (compare Or. Goldschmiodt, Ber. , 1914,47, 389; 
A. G-, Perkin and Oesch, T., 1914, 105, 2352) appear to have overlooked the 
necessity of allowing the mixture to remain, for at least a day before any 
precipitation of silver iodide can be obtained. 
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mass, which became solid on rubbing and kneading with light 
petroleum. The dry solid was then extracted in a Soxhlet 
apparatus with benzene, when the greater part of the product dis¬ 
solved, leaving a tarry residue in the thimble. The benzene was 
evaporated to dryness, and the residue (about 0*8 gram) crystal¬ 
lised from alcohol and benzene, from which it separated in small, 
silky plates melting* at 125—126°. It is also soluble in alcohol 
or much benzene or toluene, from which solutions it crystallises in 
needles (m. p. 125—126°) after strong concentration of the 
solvents. 

Found: C = *68*45; H = 4*83. M.W.=160, 166. 

C 10 H 8 O 3 requires C = 68*18; II = 4*54 per cent, M.W. = 176. 

With phenylhydrazine it forms a plienylhydrazone y which 
crystallises from glacial acetic acid in dark brown needles melting 
and decomposing at 19l°. 

Found: N = 17*91, 17*49. 

C jc H 9 0. : ,N 2 requires N =17*27 per cent. 

When oxidised on the water-bath with potassium permanganate 
in alkaline suspension, it yields the acid, C 9 H 7 0 2 'G0.»H, which 
crystallises from water in long, prismatic needles melting at 
214—216°, carbon dioxide being evolved. 

Found: C = 62*42; II = 4*60. 

C IU H s 0.j requires C — 62*50; H = 4*20 per cent. 

The sodium and potassium' salts were prepared and crystallised 
from water. 

Found : FTa = 11*12; K = 20*86. 

Calculated: Na = 10*74; K = 20 , 40 per cent. 

Diazoniethane yields the methyl ester, which crystallises from 
benzene in silky needles melting at 152—153°. 

Found: 0 = 64* 24 ; II=4*82. 

0 n H K1 O 4 requires 0 = 64*18 ; H—4*62 per cent. 

Ethereal Solution i?.—The residue which was left on evapor¬ 
ation of the ether crystallised from water in small needles melting 
indefinitely between 145° and 168°, although the product was 
recrystallised several times from that solvent. The only definite 
colour reactions obtained were those of protocatechuic acid, and 
the analytical data also agreed for a dihydroxybenzoic- acid. 
(Found: C = 54T2; 11=4*22. C 7 H 0 O 4 requires C=54*52; H = 3*94 
per cent.) Attempts were made to separate the mixture by frac¬ 
tional crystallisation, but no fraction of a definite melting point 
was obtained. The product when heated with soda-lime only gave, 
so far as could be ascertained, catechol (small needles from 
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benzene, m. p. 102—103°), from which we concluded that the 
mixture consisted probably of protocatechuic acid (m. p. 
198—199°) and 2:3-dihydroxybenzoic acid (m. p. 204°) (compare 
Praxmarer, Monatsh., 1906, 27, 1199 ; also abstract of this paper, 
A., 1907, 92, i, 216, where the melting point is wrongly given as 
240°). The product was therefore treated in ethereal solution 
with diazomethane and converted into the methyl esters of veratric 
acid (m. p. 59—60°) and 2:3-dimethoxybenzoic acid (m. p. 
57—58°) (compare Praxmarer, loc. cit,), and the mixture 
fractionated under diminished pressure. Sixteen grams of the 
methyl esters gave the following fractions, which crystallised from 
benzene on subsequent solidification: 

Fraction I.—1*84 Grams, b. p. 124—127°/10—11 mm,, m, p. 
47—53°. 

Fraction II.—1*26 Grams., b. p. 124—126°/10-—12 mm., m. p. 
52—54°. 

Fraction III.—4*47 Grams, b. p, 125—127°/10—12 mm., m. p. 
55—56°. 

Fraction IV.—2*12 Grams, b. p. 126—129°/10—11 ram., m. p. 
58—59°. 

Each fraction was hydrolysed on the water-bath with alkali, and 
the free methoxy-acids were crystallised from dilute alcohol. 
These fractions melted as follows: 

Fraction I.—M. p. 162—168°. 

Fraction II.—M. p. 178—180°. Mixed m. p. with veratric acid, 
178—180°; mixed m, p. with 2:3-methoxybenzoic acid, 
158—164°. 

Fraction III.—M. p. 176—183°. Mixed m. p. with veratric 
acid, 164—171°; mixed m. p. with 2:3-dimethoxybenzoic 
acid, 172—178°. 

Fraction IV.—-M. p. 184—186°. Mixed m. p. with veratric 
acid, 168—174°; mixed m. p. with 2 *. 3-dimethoxybenzoic 
acid, m. p. 183—185°, 

The melting point of veratric acid is given as 181° (compare 
Freund and Niederhofheim, Ber., 1896, 29, 858; Kostanecki and 
Tambor, Ber., 1907, 39, 4022). There is, however, no reference to 
2:3-dimethoxybenzoic acid. This was therefore prepared by the 
action of diazomethane on 2:3-dihydroxybenzoic acid prepared 
according* to Praxmarer’s method (loc. cit.); the ester was sub¬ 
sequently hydrolysed and the methoxy-acid crystallised from dilute 
alcohol, from which it separated in. needles melting at 187—188°, 
carbon dioxide being evolved. (Found: C = 59*14; H = o*72. 
CVH 10 O 4 requires C=59-31; H = 5*54 per cent.) 




070 MANNING AND NIERENSTEIH : THE TANNIN OF THE 


From the above data, it is probable that fraction II consisted 
mainly of veratric acid (Found: C— 5912; II — 5*78. Calc, r 
O'—59*31; H = 5*54 per cent.), whereas fraction IV consisted of 
2:3-dimethoxybenzoic acid. (Found: 0 = 58*92; H —5*46. Calc.: 
0 = 59*31; 11 = 5*54 per cent.), from which we conclude that proto- 
catechuic and 2; 3-dihydroxybenzoic acids are formed during the 
hydrolysis of hemlock tannin. 

Methylated Hemlock Tannin. 

Hemlock tannin was methylated with diazomethane in ethereal 
suspensions, fractions IV, V, and VI only being* used for the 
inethylation. The dry tannin was suspended in ether, as used 
in the Grignard reaction (compare Clibbens and Nierenstein, T., 
1915, 107, 1491), and an excess of diazomethane allowed to act 
on it for about twelve hours. In the case of fraction IV there 
was always a residue, after methylation, insoluble in ether [similar 
observations were made by Herzig ( Monatsh 1912, 33, 843), and 
Fischer and Freudenberg ( Ber 1912, 45 , 2723), during the 
methylation of gallotaiiniii with diazomethane]. Fraction V also 
left a small residue, but fraction VI on methylation dissolved 
completely in ether. 

The ethereal solution was filtered and the ether removed under 
diminished pressure. The residue was purified by dissolving in a 
little alcohol and pouring into water. It frequently happened 
that the methylated product did not separate out readily, in which 
case the liquid was shaken vigorously to coagulate the precipitate 
and allowed to remain for a time. The precipitate was then 
collected, carefully washed, and dried in a desiccator. 

Methylated hemlock tannin obtained in this way after several 
precipitations was a white, amorphous product with a more or less 
distinctly yellow tint; it was readily soluble in alcohol, ether, 
acetone, benzene, carbon tetrachloride, or sTetrachloroethaiie, but 
insoluble in light petroleum. The product had no definite melting 
point; it sintered at. 74—79° and melted at 134—141°, 

Found: 0 = 65*69, 65*25, 64*82, 65*12; H = 5'58, 5*46, 5*82, 
5*27; t)Me= 26*48,: 25*65, 25*84 per cent. M.W. (in 
chloroform) = 620, 561, 552, 574. 

The methoxy-estimations were carried out in a Zeisel-Perkin 
apparatus, acetic anhydride being added. If the latter was 
replaced by phenol (compare Weishut, MonaUh., 1913, 33, 1165), 
the same result was obtained (OMe=25*76 per: jseaafc.)'.-.■ ■ Invview 
of the experiences of W. Richter (Digs., Erlangen, 1902, 44), who 
found that eutannin is more fully methylated with diassomethane 
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In an acetone solution than in an ethereal one, we also used the 
former as a solvent, without, however, increasing the methoxy- 
content, (Found: OMe= 25-89 per cent.). For similar reasons, 
we also used methyl alcohol as a solvent, (compare Geake and 
Nierenstein, Bio client. 1914, 8, 292), the result being the same 

(Found: OMe = 25*43 per cent.). 

Methylated hemlock tannin was found to be optically active: 
[a]iJ —41° (in chloroform), — 24’7° (in .s-tetrachloroethane), 50*1° 
(in alcohol), and —16*9° (in acetone). 


Alkali Hydrolysis of Methylated- Hemlock Tannin. 

Methylated hemlock tannin (about 5—10 grams) was hydrolysed 
by boiling with a 10 per cent, solution of alcoholic potassium hydr¬ 
oxide for about three hours. The alcohol was then evaporated, 
and the residue extracted with boiling water and filtered from any 
incompletely hydrolysed or tarry substance. On acidifying with 
dilute sulphuric acid, the filtrate gave a bulky precipitate (pre¬ 
cipitate A), which was collected, washed, and dried in a desiccator. 
The filtrate was extracted with ether several times, and the 
ethereal extract treated with a 5 per cent, solution of sodium 
hydrogen carbonate saturated with carbon dioxide. Nothing was 
found to remain in the ether. The sodium hydrogen carbonate 
solution was acidified with dilute sulphuric acid and extracted 
with ether. On evaporation of the ether, a residue was obtained 
which was crystallised several times from water with the addition 
of animal charcoal, when small crystals were obtained melting at 
208°. They proved to be vanillic acid, and gave no depression 
of the melting point when mixed with vanillic acid. (Found: 
C = 57*02; H —5*08. Calc. : 0=57*11; H = 4*81 per cent.) 

Precipitate J..—~Th|> product was purified by dissolving several 
times in alcohol and precipitating with water. 

Found: 0=67-14, 66*83; H = 6*49, 6*22; OMe = 28*18 per cent. 

When oxidised with potassium permanganate in alkaline solu¬ 
tion, hemipinic acid was produced. The following method of 
oxidation gave the best results. 1*5 Grams of the substance were 
heated on a water-bath for six to eight hours with 75 c.c, of 
2A r -potassium hydroxide and 3 grams of potassium permanganate 
dissolved in about 50 c.c. of water, which were added in two por¬ 
tions. The solution was acidified, filtered, and extracted with 
ether. The residue left on evaporation, crystallised from water 
in small needles, which melted when slowly heated at 170—-173° 
(compare Nierenstein, AnnaJen , 1913, 396, 198; Pscborr and 

c c* 2 



THE TANNIN OX? THE CANADIAN HEMLOCK. 


Samuleanu, Her., 1899, 32, 3411), which, melting point was not 
depressed when mixed with hemipimc acid prepared from, opianic 
acid. (Found: 0 — 53*33; H=5*09. Calc.: 0=53*07; 11 — 4*47 
per cent.) 

Mild hydrolysis of precipitate .4 furnished opianic acid, which 
was obtained on warming 2 grams of the substance with 20 e.c. of 
2iT-a.lcoh.olic potassium hydroxide for several hours on the water- 
bath under reflux at a temperature not higher than 60°. The 
alcohol was evaporated, the residue acidified, and extracted with 
ether. The ethereal extract was shaken with sodium hydrogen 
carbonate solution saturated with carbon dioxide, and the aqueous 
part, after acidification with dilute sulphuric acid, extracted with 
ether. The carefully dried residue which was left on evaporation 
of the ether deposited, from benzene, thin, prismatic needles melt¬ 
ing at 147—149°. When mixed with opianic acid, no depression 
of the melting point was observed. (Found: C=56*82, 56*78; 
It = 5* 12, 4*94. Calc.: C = 57*ll; H=4*81 per cent.) A small 
amount was converted into the oxime, crystallising in small 
needles melting at 81°, which is in the vicinity of the melting point 
82—83°, as found by W. II. Perkin, jun. (T., 1890, 57, 1071). 
There was not enough material for a combustion. 

The fact that the methylated hemlock tannin yields opianic 
acid (I) suggests the possible existence of noropianic acid (II) in 
hemlock tannin, which probably explains the formation of hemi- 
pinic acid (III) and veratric acid (IV) from methylated hemlock 
tannin and protocatechuic acid (V) and 2:3-dihydroxybenzoic acid 
(VI) from hemlock tannin: 


OMe 

MeO^CXVl 
^ ;CRO 

(I.) 


OMe 

Meo/^.CO.H 

n/ co;h 

(III.) 
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OH 
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(Not isolated.) 


OH 

IIO/^CO.H 
(Not isolated.) 


OH 
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OH 
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Society, and to the Colston Society of the University of Bristol, for 
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L \ r .—The Formation of' Diazoamino-compounds from 
/3-Naphthylamine. 

By George Marshall Norman. 

During the preparation of some diazoamino-compounds involving 
th© action of diazotised ^3-naphthyfamine on amines of the benzene 
series, it was noticed that, in the case of o-toluidine, the product 
was a tarry substance which, on keeping, became a dark red solid 
and consisted of d-tolueneaza-jS-naphthylamme (Norman, T., 1912, 
101, 1914). 

A search has been made for other cases of this result, and as 
both M- and p-toluid'ine gave diazoamino-compounds, ©-substituted 
amines have been selected for the purpose. However, a sub¬ 
stituent in the o-position, even a methyl radicle, is not the only 
condition necessary, for, although m-4-xylidine gave m-xylene-4- 
azo-/B-iiaphthylamine, p-xylidine gave a diazoamino-compound, a 
result also obtained with o-chloroaniline, 3-bromo-p-toluidine, and 
5-bromo-o-toluidine. Under the same conditions, diazotised 
Aiiaphthy 1 amiiie does not appreciably react with 3-nitro-p-toliiidine 
or 5-nitro-o-toluidine, even on keeping for several hours. The 
same difficulty was encountered in the case of s-trichloroaniline. 

The diazoamino-compounds obtained pass quite readily into the 
isomeric aminoazo-eompounds on heating with the contained 
benzene base and its hydrochloride. This can be explained by 
the occurrence of an intramolecular change or by a preliminary 
decomposition into a diazonium salt and /3-naphthylamine, with 
subsequent recombination to form the azo-compound, and this is 
supported by the formation of p-tolueneazo-j8-naphthylamine on 
heating diazoamino-p-toluene with p-toluidine hydrochloride and 
/Tnaphthylamine in molecular proportions and excess of p-toluidine. 
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The experiments of Meldola and Streatfeild (T., 1887, 51, 484) 
showed that the action of aqueous acids is to decompose mixed 
diazoamiiio-compoimds into four products, the bases and the corre¬ 
sponding' dLazonhim salts in molecular proportions, but under the 
conditions of the present experiments the only aminoazo-compound 
produced is derived from the diazotised benzenoid base and 
/3 - n aphthy 1 a min e in practically quantitative yield. The decom¬ 
position into four products evidently does not occur, or one would 
expect to find /3-naphthaleneazo-j8-naphthylaiiune among the pro¬ 
ducts, unless, indeed, /3-naphthalenediazonium chloride in the 
presence of the benzene base is converted into a substituted 
benzenediazonium chloride. 

When the diazoamino-compounds are heated with /3-naphthol, 
either /3-naphthylamine or the benzene base is eliminated, and the 
resulting hydroxyazo-oompound is not a mixture in the cases ex¬ 
amined. Thus, the diazoamino-compound obtained from 5-bromo- 
o-toluidine gave 5-bromo-o-tolueneazo-/3-naphthol and eliminated 
/3-naphthylaniine. but the compounds from o-chloroaniline, 
3-bromo-^toluidine, and p-xylidine gave j3-naphthaleneazo-j8- 
liaphthol and eliminated the benzenoid base. Probably this can 
be best explained by the formation of an unstable intermediate 
compound, which undergoes decomposition with the elimination of 
one of the bases present, the mode of decomposition depending on 
the nature and position of the substituent radicles. 

Experimental. 

C 6 H a (CH a ) 2 -N i ,*C 3tl H c *NH 2 . 

This compound crystallises from methylated spirit in orange-red 
plates melting at 126°: 

0-1345 gave 18 c.c. K 2 (moist) at 16° and 750 nun. N = 15-4. 

C i8 H J7 N 3 requires N —15*27 per cent. 

The acetyl derivative crystallises from ethyl acetate in small, 
orange-red needles melting at 142°: 

Q'1235 gave 13‘9 c.c. N 2 (moist) at 15° aud 752 mm. N — 13T. 

CnpHjjjONg requires N = 13‘25 per cent. 

The benzoyl derivative crystallises from ethyl acetate in bright 
red needles melting at 145°: 

0T142 gave 11*2 c.c. N 2 (moist) at 17° and 756 mm. N —11*3. 

C 25 H. 21 ON 3 requires N—11*08 per cent. 
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Action of fi-Xaphthalenediatoniam Chloride on m-4 •Xylidine. 

On the addition of sodium acetate to the cold solution, a brown, 
solid separated which became tarry, and, on keeping, solidified to 
a red solid, which was identified as m.-xy lene-4-azo-jB-napirtiiy 1 - 
amine. 

Eeduction of m-Xylene-i~uzo - fi-naph thylamine. 

In order to establish beyond doubt the constitution of this com¬ 
pound, it was reduced with zinc dust in acetic acid solution. 
Acetic anhydride was then added, and the subsequent addition of 
a little water caused the separation of a solid, which was identified 
as diacetyl-l: 2-naphthylenediamine, whilst from the mother 
liquor aceto-?»-4-xyIidide was obtained. 

Action of Nitrous Acid on m-XyleneA-azQ-fS-naphthylaminc. 

Meldola and East’s method (T., 1888, 53, 485.) gave a tarry 
solid, which was boiled with alcoholic potassium hydroxide. The 
product was identified as w-xylene-4-azo-j8-naphthol (m. p. 166°). 

i 

d-Ghlorob enseneaso-firnaphthylamine , CgH^Cl-N?.* C 10 H fl -NH g . 

This compound crystallises from benzene in red needles melting 
at 151°,; ( ■"■■■■ 

0*1520 gave 19*5 c.c. N.> (moist) at 16° and 748 mm. hi = 14*71. 
CjqH^NjCI requires N = 14*93 per cent. 

The acetyl derivative crystallises from ethyl acetate in orange- 
red, silky needles melting at 153°: 

0*1324 gave 0*5940 AgCl, 01 = 11*1. 

C 1S H 14 0N 3 C1 requires 01 = 10*07 per cent. 

The benzoyl derivative crystallises from glacial acetic acid in 
orange needles melting at 167°': 

0*1841 gave 0*6955 AgCl. 01 = 9*35. . 

a 8 H 10 OK 3 Ci requires Cl = 9*2 per cent. 

0-Xaph t lialenedhizoamino-o-cktorob enzene } GgH^ChN a H* C 10 II 7 . 

This compound crystallises from toluene in pale brown, minute 
needles melting at 100 o . When heated with o-chloroaniline and 
its hydrochloride at 60°, it changes readily into the isomeric amino- 
azo-compound, and when heated with jS-naphthot it gives 
j8- naphtha!eneazo -j3-naphthpi and o-chloroaniline: 
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V7 a 

0-1231 gave 15*9 c.c. N 2 (moist) at 17° and 750 mm. N = ITS. 
C W H 12 N 3 CI requires N== 14*93 per cent. 

3-/i ronio-p-t ohicneazo-fi~napht hylarnlne , C e H 3 MeBr‘N. 2 * C 10 H 0 -NH S . 

This compound crystallises from methylated spirit in glistening, 
dark red plates melting at 17 2°: 

0-1461 gave 16*0 c.c. (moist) at 18° and 752 mm. N = 12*48. 

Ci 7 H u N 3 Br requires N = 12*35.per cent. 

The acetyl derivative crystallises from glacial acetic acid in 
small, yellow needles melting at 168°: 

0-1324 gave 0*6459 Ag-Br. Br=20*76.‘ 

Ci 9 Hj C ON s Br requires Br —20*94 per cent. 

The benzoyl derivative crystallises from ethyl acetate in orange- 
red needles melting at 186°: 

0*1448 gave 0*6090 AgBr. Br = 17*89. 

C 21 H ls ON 3 Br requires Br=18*02 per cent. 


4:-&-i\ T aphthalenediazoammo~3~brom.ot&lucne, 

C G H s MeBi*-N 3 H*C 10 H 7 , 

This compound crystallises from methylated spirit in pal© brown 
prisms melting at 104°. On heating with 3-bromo-p-toluidine and 
its hydrochloride at 60°, it passes readily into the isomeric amino- 
azo-compound, and when heated with /3-naphthol eliminates 
3-bromo-^-toluidine and gives 3-bromo-y>tolueneazo-yS-napMhol, 
which crystallises from benzene in red needles melting at 169°: 

0*23 gave 24 c.c. (moist) at 14° and 752 mm. N = 12*14. 

C 17 H 14 N 3 Br requires N = 12*35 per cent. 

5 - Bro/n o-o-tol uen eazofcn aph i hylam i ne, 

C^MeBr-No-CjjHc-XHo. 

This compound crystallises from methylated spirit in small, red 
plates melting at 152°: 

0*1542 gave 16'6 c.c. (moist) at 15° and 754 mm. N = 12*52. 

C 17 H 14 N s Br requires N = 12*35 per cent. 

The acetyl derivative crystallises from ethyl acetate in orange- 
red, feathery needles melting at 189°: 

0'1643 gave 0-8115 AgBr. Br—21*02. 

C I9 H ie ON 3 Br requires Br = 20*94 per cent. 
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The benzoyl derivative crystallises from ethyl acetate in pale 
orange, feathery needles melting at 179°; 

0*1862 gave 0-7869 AgBr. Br = 17-96. 

Ch 4 H, s ON ; ,Br requires Br = 18-02 per cent. 


^-fi-Xaphthalenediazoamino-S-broinotoluene, 

C c H 3 MeBr*3Sr s H‘C 10 H 7 . 

This compound crystallises from toluene in small, red needles 
melting at 113°. When heated with 5-bromo-o-toluidine and its 
hydrochloride at 65°, it passes into the isomeric aminoazo-com- 
pound, and when heated with j8-naphthol it eliminates jS-naphthyl- 
amine and yields 5-bromo-o-tolueneazo-j8-naphthol, which crystal¬ 
lises from benzene in red plates melting at 174°: 

0-1459 gave 16 c.c. No (moist) at 19° and 749 mm. N = 12*42. 

C 17 H 14 N..Br requires N = 12*35 per cent. 

p-Xyleneazo-0-naph thylumlne, C u H 3 Me 2 *N 2 *C 10 H 6 *NH 2 . 

This compound crystallises from methylated spirit in brilliant 
orange-red needles melting at 119°: 

0-1421 gave 18*6 c.c. N 2 (moist) at 17° and 754 mm. 'N=15*07. 

C 18 H 17 N 3 requires N = 15*27 per cent. 

The acetyl derivative crystallises from ethyl acetate in dark red 
needles melting at 167°: 

0*1239 gave 14-2 c.c. N 2 (moist) at 15° and 750 mm. N—13*24. 

C 20 H lf) ON 3 requires N = 13*25 per cent. 

The benzoyl derivative crystallises from ethyl acetate in orange- 
red, feathery needles melting at 148°: 

0*1761 gave 16*6 c.c. N 2 (moist) at 15° and 750 mm. N = 10*9. 

C 25 H 21 0N 3 requires N —11*08 per cent. 

2-0~XapiithaJenedktzoamino-^-xylene, C fi H 3 Me 2 *N 3 H*C 10 H 7 . 

This compound crystallises from benzene in brownish-red crystals 
melting somewhat indefinitely at 120°. On heating with p-xylidine 
and its hydrochloride, a small quantity of a yellow solid melting 
at 124°, and containing 11*7 per cent, of nitrogen, was obtained, 
but it was not further identified. On heating with 0-naphthol, it 
gives /3-naphthaleneazo-j3-naphthol and p-xylidine: 

0*1213 gave 15*9 c.c. N 2 (moist) at 17° and 754 mm. N = 15*09. 

C 18 H 17 N 3 requires N= 15*27 per cent. 
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3 -Xitro-p-tohie n easo-fi-naph t hyla min e, 

NO. 2 -C c ir 3 Me*N 2 -C 30 H G *NH 2 , 

This compound crystallises from toluene in dark bronze needles 
melting at 224°; 

0*1133 gave 18 e.c. No (moist) at 18° and 753 mm. N —18*18. 

C 17 H 14 OoN 4 requires 1ST = 18*3 per cent. 

The acetyl derivative crystallises from ethyl acetate or toluene 
in small, red needles melting at 200°: 

0-1441 gave 20*2 c.c. (moist) at 19° and 753 mm. N = 15*93. 

C 19 H 1(; 0 3 N 4 requires N = 16*09 per cent. 

The benzoyl derivative .crystallises from ethyl acetate in red 
needles melting at 158°: 

0*1137 gave 13*7 c.c., N 2 (moist) at 16 0, and 750 nun. N = 13*86. 

Co 4 H 18 0 2 N' 4 requires N = 13*66 per cent. 


o~Ni tro-o-t oluen easo-fi-naph thylamine, 

NO,-C e H 3 Me*N 2 *C 30 H 6 *NH 2 . 

This compound crystallises from toluene in dark bronze needles 
melting* at 210°: 

0*1239 gave 19*1 c.c. N 2 (moist) at 16° and 758 mm. N = 17*93. 

C 17 H 14 0rt3Sf 4 requires N = 18*3 per cent. 

The acetyl derivative crystallises from toluene in red needles 
melting at 240°: 

0*1361 gave 19*2 c.c. 3Sf 2 (moist) at 17° and 754 mm. 1ST = 16*24. 

C\ e H 1( }0 3 ]!!s 4 requires N=16-09 per cent. 

The benzoyl derivative crystallises from toluene in red needles 
melting at 197°: 

Q-1358 gave 16 c.c. (moist) at 16° and 760, mm. N -~13-7G. 

G. 4 H 18 0 3 N 4 requires N = 13*66 per cent. 

s -Trichlorobenzeneaso-fi-napMhylani me } C G H 0 C1 3 *N 2 * CjoHe-NHa. 

This compound crystallises from benzene in red needles melting 
at 157°: 

0*2135 gave 0'261S AgCl. CI=30-26, 

C ]fi H J0 N 3 Cl 3 requires Gl^=30-38 per cent. 

The acetyl derivative crystallises from ethyl acetate in reddish- 
yellow needles melting at 1699: 

0-2341 gave 0*2556 AgCl. Cl = 27-01. 

■ c i8 H m°N , 3 C1 s requires Cl = 27*13 per cent. 
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Action of p -Toluidine and it# Hydrochloride on Diusoamiuo- p- 
j toluene in the Pretence of /3-iV aphtkylamine. 

Molecular quantities of diazoamino-p-toluene, p-toluidine hydro¬ 
chloride, and 0-n aph thy 1 amine were dissolved in p-toluidine and 
heated for twelve hours at 50°. On treatment with hydrochloric 
acid, a residue was obtained which was crystallised from methylated 
spirit, and melted at 112°. It was identified as ^-tolueneazo-,8- 
naphthylamme. 

Municipal Technical School, 

Burt, Lancashire. [ Received , May Ulh, 1010.] 


LVI. —The Chemistry of the Glutaeonic Acids , 

Part XL The Occurrence of 1: 3- Addition to the 
Normal Form. 

By Jocelyn Field Thorpe. 

In Part IX of this series (T., 1913, 103, 1579) it was shown that 
the m-labile ester of j8-m ethyl glutaeonic acid, which can be readily 
formed by the action of alcoholic sodium ethoxide on ethyl iso- 
dehydracetate, . 

(1) O<r ^ e: ^ CO ^>0Me + ELOIi 

C0 2 Et*CH,*0Me:CII*G0 2 Et 
+ Me*CO £ Et ; ’ 

condenses with the sodium compound of ethyl cyanoacetate, giving 
a 60 per cent, yield of a condensation product in accordance with 
the equation 

COgEt* C HlCMe' CII„*C0 2 Et C0 2 Et-CH 2 *CMe-CH 2 *G0 2 Et 

(2) * + G H 2 (C N) • CojEt CH(C3NVCOjEfc 

whereas the normal ester, C0 2 Et'€H*CHMe*dH*G0. 2 Et, which 
can be prepared from the normal acid by etherification, yields no 
condensation product under the same experimental conditions. 

Several other esters of normal acids of the series were subjected 
to the same reaction, and the failure in each case to obtain a 
condensation produet was regarded as evidence that substances 
possessing the normal - structure which, in accordance with the 
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views put forward in this, series, have constitutions best represented 
by the general formula C0 2 R-CR-CHR‘CR-C0 2 R (R — H or alkyl), 
do not form additive products when treated with the usual additive 
reagents. 

. The evidence is, however, negative, and during the whole course 
of these researches on the glutaconic acid’s, frequent attempts have 
been made to obtain direct evidence of the structure of the normal 
forms by inducing them to form additive products in the 
1:3-positions. If, for example, bromine could be made to unite 
with the terminal carbon atoms of the normal system, thus: 


—CH*C0 2 H OHBr*C0 2 H 

OH 2 + Bi\, —>■ (JH 2 

—CH-COgH (JHBr*C0 2 H 

and if the isomeric compound produced from the labile modifica¬ 
tion were found to be formed in accordance with the scheme: 
CH-C0 2 H 0HBr-C0 2 H 

CH + Br 2 (JHBr 

(JH 2 *C0 2 H <jh 2 *co 2 h 


no reasonable doubt would then remain that the formulae for the 
glutaconic acids suggested in this series must* he a close approxim¬ 
ation to the truth. 

Unfortunately, the evidence obtained in this way is far from 
satisfactory. The stable normal acids of the type of 0-niethyl- 
glutaconie acid (the cos-acid of Feist, A nnalen, 1906, 345. 64, and 
of Fichter and Schw T ab, Amialen, 1907, 3 48, 254, melting at 149°) 
do not react with the halogen to give any definite additive pro¬ 
ducts, although the cos-labile acid (the rinwx-acid of Feist and 
Fichter, melting at 115—-116°) readily forms a)3-dibroiuo-j8-.methyl- 
glutaric acid, C0 2 H*CHBr-CMeBr*CH. 2 *C0 2 H (in. p. 145°), when 
treated with bromine in direct sunlight (Fichter and Schwab, he, 
cit.). ; 

On the other hand, those acids, of which glutaconic acid itself is 
the best example, the labile forms of which are so unstable as to 
be incapable of isolation, yet readily pass, either through hydroxy- 
anhydride formation’ or through the formation of the sodium 
derivative of the esters, into derivatives of the labile forms (T., 

co 2 h-ch*ch 2 *ch-co 2 h ch<™h )> 0 

Clntaconic acid. Hydroxy-anhydri< lo. 

C0 2 Bt*CH:CH*CH:C(ONa)-OEt 
Sodium derivative of ester. 
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15)12, 101, 863; 1913, 103, 1757), react with, bromine in a curious 
manner. For example, glutaconic acid readily absorbs the correct 
amount of bromine, but no one appears to have been able to isolate 
any definite product from, the reaction mixture. Kiliani (Her ., 
1885, 18, 2517) first studied the action of bromine on this acid. 
He noticed the rapid absorption of the halogen, but, without 
attempting to isolate the additive product, treated the crude reac¬ 
tion mixture with calcium carbonate and obtained a 10 per cent, 
yield of a/3-dihydroxygIutaric acid, 

C0 2 H*CH(OH)*CH(OH)*CH. 2 *COoH, 
a yield which was subsequently increased to 14 per cent (Ber., 
1905, 38, 3625). Ultimately, Feist (Ber., 1911, 44, 137) was able 
to obtain an 80—85 per cent, yield of the dibromo-ester, 

CO.,E t • CHB r • CMeBr ♦ CH 2 * C0 2 E t, 
by bromiuating ethyl glutaconate in sunlight. 

It is evident, therefore, that the normal acids of this series do 
not, react with bromine in the way one would expect an a/3-im- 
saturated acid to react, and that they only form additive products 
under conditions which favour the transformation of the normal 
into- the labile modifications. The labile acids, on the other hand, 
are easily converted into a/3-dibromo-additive products in accord¬ 
ance with the- properties of the structures assigned to them. 

Direct evidence respecting the structure of the normal form 
can, however, be obtained from a studj of the condensation pro¬ 
ducts formed from "the normal and labile esters of ^-methyl- 
glut aeonic acid with the sodium compound of ethyl cyanoaeetate. 
for it is now found that whereas the c/a-labile ester reacts in accord¬ 
ance with equation (2) and gives a yield, which has now been 
increased to 80 per cent., of the 1:2-additive product, the normal 
ester can, under special conditions described in the experimental 
portion, be made to yield a small quantity (approximately 6 per 
cent.) of a condensation product which, when hydrolysed, is con¬ 
verted into y-methylbutane-aj85-tricarboxylic acid, in accordance 
with the scheme: 

—CH*C0 2 Et 

OH Me +CH 2 (CH)*CO s Et -> 

-^JH'COnEt 

CH 2 -C0 2 Et 

6lIMe 

UH’COjjEt 

0’H(GN)-COjEt 


CH 2 *C0 2 H 

OHMe 

OH-CO.H 

(jH 2 *C0 2 H 
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an acid which was found by direct comparison to be identical with 
that prepared by Hope and Perkin (T., 1911, 99, 762) by • the 
interaction of ethyl bromoacetate and the condensation product of 
ethyl sodioeyanoacetate with ethyl crotonate. 

There can he no question, therefore, that in this reaction addi¬ 
tion has been effected in the 1 :3-positions, and although the yield 
is small, the formation of a condensation product having the above 
composition is direct evidence of the structure of the normal form. 

A similar condensation tried with ethyl glutaconate failed to 
bring about addition in.the 1:3-positions, and the product (about 
5 per cent, yield) was found to have the structure assigned to it 
in the previous paper (T., 1913, 103. 1580). It had therefore 
been formed in accordance with the scheme: 

OH'COgKfc C0 2 EfCH(CN)-CH*C0 2 Et 

OH + CH. 2 (CN)*C0 2 Et —> OH s 

0H,*G0 2 Et (JH 2 *C0 2 Efc 

and it is evident that a small quantity of the normal ester is con¬ 
verted into the labile ester under the experimental conditions used. 
It is of interest to record at this stage a tendency that has been 
detected for the m-labile ester to pass into the normal ester when 
kept. Hitherto, the cis-ester has been regarded as a comparatively 
stable substance. It- distils without change, and can be hydrolysed 
to the corresponding (A-acid without conversion into the normal 
isomeride. * 

The following facts show, however, that, under certain condi¬ 
tions, the labile ester passes slowly into its normal form. About 
the middle of 1914, some 600 grams of the c?.?-labile ester had been 
accumulated for use in the preparation of the “enclosed ^ ring 
compound, an account of which, is about to be published. It had 
all been prepared within the previous month, and some of it had 
already been used In condensation with the sodium, compound of 
ethyl eyanoaeetate, and found to give the usual yield of the con¬ 
densation product. War then broke out, and the ester remaining 
over was laid aside" until January of the present year, that is, for 
approximately four and a-half years. It happened that the larger 
quantity of the ester (about 450 grams) was plaeed in a deep yellow 
glass bottle, whereas the remaining amount (about 130 grams) was 
kept* in a white glass bottle. Both, bottles were placed side by side 
in a shallow cupboard with glass doors facing a strong north light. 
In January, 1919, the ester in the white glass bottle was noticed to 
have become deep brown, and when condensed with the sodium 
compound of ethyl eyanoaeetate was found to give only 20 per 
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cent, of the usual condensation product. It was therefore distilled 
and hydrolysed, when the mixture of acids formed was found to 
consist of 75 per cent, of the normal acid melting at 149° and 
25 per cent, of the labile acid melting at 115—116°. The ester 
in the yellow bottle, on the other hand, was found to have altered 
little in colour and to give the usual yield when condensed with 
ethyl sodioeyanoacetate. After distillation and hydrolysis, it was 
found to yield the m-acid melting at 115—116° in an almost pure 
form, a small quantity, about 5 per cent, only, of the tram- acid 
being isolated. In order to check these results, a further quantity 
of the cis-labile ester was prepared from ethyl Aodehydracetate 
and hydrolysed, when the product was found to be the pure ch> 
acid, 

• It- is evident, therefore, that exposure to light for a considerable 
period of time leads to the partial conversion of the cis-labile form 
into the normal modification. 

Exp Eli I MENTAL. 

Condensation, of Normal Ethyl $-Methylglutaconaie with the 
Sodium Compound of Ethyl Cyanoacetate. 

In the earlier attempt which was made to effect this condensa¬ 
tion (T., 1913, 103, 1580), molecular quantities of the ingredients 
were used, and the mixture was heated .on the water-bath for 
twenty-four hours. As no condensation product could be isolated 
under these conditions, they were altered in the present instance 
so as to ensure that a large excess of ethyl cyanoacetate was present 
throughout the reaction. Forty-two grams of the normal ester, 
prepared by the etherification of the normal acid, were added to 
an alcoholic suspension of the sodium compound of ethyl cyano¬ 
acetate prepared from 94 grams of the ester and 9*7 grams of 
sodium dissolved in 110 grams of alcohol, and the mixture was 
heated for thirty-six hours on the water-bath. Water was then 
added, and the acidified liquid extracted, with ether. Sodium 
carbonate solution failed to extract any appreciable quantity of 
acid ester from the ethereal solution, and the latter was therefore 
dried and freed from ether. The residual oil was then carefully 
fractionated under diminished pressure, when, besides the two 
fractions. of lower boiling point, consisting of ethyl cyanoacetate 
and unchanged ethyl /3-methylglutaconate, a small fraction (about 
4 grams) of high boiling point was isolated. 

Ethyl a-eyano-y-methylbutane-aPd-triearboxylate,. 

C IL (C0 2 Ei.) * CHMe* CH(CO.>Et) * OH (CN) * C0 2 Et, 



THORPE : THE CHEMISTRY OP THE 


OS 4 


is a colourless, moderately viscid liquid which boils at 212°/ 
22 min. : 

0 1932 gave 0*4081 CJ0 3 and 0*1293 H 2 0. C = 57*66; 1-1=7*41. 
C 15 H 23 O f) N requires C = 57*5; H = 7’4 per cent. 


y-Meth //lb u tane-afiS-tricarboxylic *4 del, 
C0oH“CH 2 *CH(CO 2 H)*CHMe*CH 2 ’C0.>H. 

Hope and Perkin found it necessary, in order to obtain this 
acid in a crystalline condition, to hydrolyse their eyano-triethyl 
ester to the tribasic acid, to etherify this, and, after fractionation, 
to isolate the potassium salt by the aid of methyl-alcoholic 
potassium hydroxide. Apparently there is no need to us© this 
method in order to obtain the crystalline acid from the isomeric 
eyano-triethyl ester described above, because the hydrolysis pro¬ 
ceeded rapidly and smoothly through the agency of 50 per cent.” 
aqueous sulphuric acid. Twelve grams of the eyano-triethyl ester 
were dissolved in an equal volume of concentrated sulphuric acid, 
care being taken to keep the mixture cool, and allowed to remain 
at the ordinary temperature for two hours. Water was then added 
until the solution became slightly turbid, when it was boiled under 
a reflux condenser for five hours, the alcohol formed during hydro¬ 
lysis being removed from time to time by detaching the condenser 
tube from the flask. After the cooled product had been saturated 
with ammonium sulphate, it was extracted with ether, and the 
syrupy acid, which, rapidly solidified, obtained by evaporating the 
dried ethereal solution. The crude acid was then purified by 
treatment with concentrated hydrochloric acid, filtering, and re- 
crystallising from this solvent. It melted sharply at 154° (Hope 
and Perkin give 153—154°) (Found: C *46*95; H = 6*33. 
C s H 12 O g requires 0=47-1; H = 5*9 per cent,). 

The acid was found to crystallise in nodular masses, as described 
by Hope and Perkin, and mixtures of it with Hope and Perkin’s 
acid were found to have the same melting point (154°) as either 
constituent. It also gave a potassium salt insoluble in methyl- 
alcoholic potassium hydroxide. Unfortunately, the amount of acid 
available was insufficient for the purpose of preparing crystalline 
derivatives, because the anhydro-acid is apparently on© of those 
intractable substances which are very difficult to obtain in a 
crystalline condition, similar properties being possessed by the 
aniline and tolnidine derivatives of the anhydro-acid. All 
attempts to prepare these substances in a crystalline condition were 
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unsuccessful, and it is possible that the same difficulty was 
encountered by Hope and Perkin, since it will be noticed that no 
derivatives of this acid are described by them. 

The evidence of the mixed melting point is, however, usually 
accepted as sufficient proof of identity. In the present instance, 
this is, of course, strengthened by the fact that the only other 
acid of this formula which could be produced in the reaction, 
namely, /30-dimethylpropanetriearboxylic acid, CMe(CH 2 *CO a H) 3 
(T., 1913, 103, 1583), melts at 172° and readily gives a crystalline 
anhydro-acid, which can be converted into a crystalline anil- 
anilide and trianilide. 


The Transformation, of cis -Labile Ethyl fi-Meihylglutaconate 
•into the Normal Form, 

There is little to add to the general description of this change 
given in the introductory portion. The labile ester contained in 
the white glass bottle, which had. previously given the usual yield 
of the condensation product with the sodium compound of ethyl 
cyanoacetate, was found at the end of four and a-half years to 
give a yield of only 20 per cent, under the same experimental con¬ 
ditions, It was therefore distilled, and was found to have the 
same boiling* point as the. original ester. When hydrolysed, it was 
found, however, that a mixture of acids was obtained, from which 
an insoluble, crystalline barium salt could be isolated in large 
quantities when the neutral ammonium salts of the mixed acids 
were treated with barium chloride solution and boiled. This was 
collected and converted into the acid, which was found to melt at 
149° (Pound: 0 = 49*89; H>.5’68, C 6 H 8 0 4 requires 0 = 50*0; 

H = 5*6 per cent.). ■ 

This acid, which was evidently, therefore, the normal acid, con¬ 
stituted approximately 75 per cent, of the mixture. The labile 
acid melting at 115—116° was isolated in the usual manner from 
the mother liquors of the barium salt precipitation. 

The ester which had been kept in the deep yellow bottle, and 
had altered little in appearance, was found on conversion into 
the. acids to yield only a small quantity of an insoluble barium 
salt, from which the acid melting at 149° was isolated. The 
amount constituted about 5 per cent, of the mixed acids obtained, 
the remainder being- the m-labile acid melting at 115*—116°, 
which was isolated from the mother liquors. The original ester 
was also found to give approximately the normal yield of con- 
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densation product with the sodium derivative of. ethyl .eyanoace- 

tate. 

The change was further proved hy preparing some fresh cis- 
labile ester from ethyl iso dehy dr acetate, when the product was 
found to yield the pure labile acid oil hydrolysis. 

The Imperial College of Science and Technology, 

South Kensington. [Received, June ' 3 rd , 1919.] 


LVII .—The Formation and Reactions of Imino- 

com-pounds. Part XIX. The Chemistry of the 
Cyanoacetamide and Guareschi Condensations. 

By George Aim and Robert Kon and Jocelyn Field Thorpe. 

From the experiments described in Part XY (T., 1911, 99, 422) 
and Part XVIII (T., 1913, 103, 1586) of this series, it can be 
concluded that the condensation of cyanoacetamide with ketones 
in the presence of piperidine yields, to an extent of approximately 
95 per cent., products which have the groups attached to the 
terminal carbon atoms arranged in the ira/itf-positions to one 
another, and that approximately 5 per cent, only of the condensa¬ 
tion product has the eis-configuration. The proportions vary 
slightly with the nature of the ketone used and with the tempera¬ 
ture at which the condensation is carried out, but is generally of 
the above order when the reactions are effected at the ordinary 
temperature. 

The following considerations support this conclusion: 

(1) The chief product is obtained as a base (I) soluble in dilute 
mineral acid, which is quickly hydrolysed by the acid to the imide 
(II) in accordance with the scheme: 

NH a ‘CO*cn 2 *cx xh 2 -co-ch*o:nh 

R 2 CO -> R 2 C im or 

cn*cb>conh 2 cn-oh-uo 

(I.) 

NH 9 *COOH*C # NH 2 

2 1 !l 

r 2 <j n: 

CN-CH-CO 

(I.) 


nh 2 -coch*co 
r 2 6 nii 

CN-CH-CO 
. (II.) 
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The t ran ^-configuration is further proved by jthe formation of the 
di-imino-di-imide (III), thus: 


nh 2 -co*ch-c:nh 

R 2 C 00 
CN-CH-NH 


CO- 

Ath 


—ch-c:nh 


R.,C 


i 


NH 

c(:nh)-6h-co 

(III.) 


CO-CH-CO CH./CO,U 

NH R 2 6 NH (JR, 

CO-CH-CO C'H,*CO,H 

(iv.) <y.) “ 


and the general structure of the whole series is shown by the pro¬ 
duction of the acid (V) from each of these compounds on com¬ 
plete hydrolysis. 

(2) A small quantity of condensation product is also obtained 
which is soluble in alkali, and is evidently present in the con¬ 
densation mixture as an ammonium salt (VI), since it yields the 
irnide (VII) on treatment with mineral acids: 


CN-CH./CO-NH 2 CN-CH*C(OH)-NH 2 

li 2 CO —> R 2 C NH 

ON-CH 2 *CO-NH 2 CN-CH-CO 

CN*CH*C(ON Hj OR • OH • CO 

R 2 C N —R 2 C NH 

CN-CH-CO CN-CH-CO 

(VI.) ' (VII.)' 

The cis-configu ration of this substance follows from the produc¬ 
tion, with sulphuric acid,, of a dx-imide identical with (IV) or the 


CN-CH-CO 

r 2 6 nh 

CN-CH-00 


CO-CH-CO 

NH R,t! NH 

CO-CH-CO 

(IV.) ■ /■ 


NH 2 -CO*CH-CO 

r, 2 c nh 

NH 2 -C0-CH*C0 

(VIII.) 


corresponding diamide (V1TI), and the general structure from the 
fact that it yields the acid (V) on complete hydrolysis. 

On the other hand, it is certain that when substances of these 
types are prepared by the action of alcoholic ammonia on a mix¬ 
ture of the ketone and ethyl cyanoacetate (Giiareschi’s method), 
there appears to he no tendency for the condensation product to 
assume the ■/raws-stfucture, and the compounds prepared in this 
way have the eis-configuration, being, in fact, identical with the 



(588 


KOX AND THORPE : THE FORMATION AND 


substances of types (VI) and (VII) above. Guaresclii's reactions 
are usually carried out at 40°, and if the eyanoacetamide con¬ 
densations are effected at a similar temperature, the quantity of 
the m-product is increased, but the fact that no trace of- a tram - 
condensation product can be isolated under Guaresclii's conditions 
shows that direction into els or trails is dependent on the reaction 
and is not appreciably affected by the temperature. 

It is evident that the eyanoacetamide condensation can also 
yield three other products, namely, the initial condensation pro¬ 
duct (IX) and the open-chain compounds (X) and (XI), and 
that the isolation of these substances must depend (1) on the 


cn*ch-co-nh 2 
p, 2 c:gxcn)-co*nh 2 r 2 u 

cn*oh*go*xh 2 

(IX.) (X.) 


NHo ‘ CO OH* OX 

ON*OH*CO*NH„ 

(XL) 


tendency for the double compound to form, and (2) on the tendency 
which exists for the six-membered ring to be produced. As 
regards (X) and (XI), we have not been able to isolate any trace 
of them in ketone condensations, although, as will be shown in a 
subsequent paper, they are the chief products when certain 
aldehydes are used in place of ketones. The formation of (IX) 
has been noticed in one case, which is described in this naper, and 
its production and reactions clearly show the general mechanism 
of these condensations. It was found, for example, that when 
cyo/opentanone is condensed with eyanoacetamide under conditions 
which usually yield the cyclic imino-compound (type I), the pro¬ 
duct is the un saturated amide (XII). 

6h;-chI> c:c < cn )- c °- nh ^ 

(XII.) (XIII.) 

C(:nh)— oH-co 
NH c 4 h ? :c nh 
oo-6 h*c(:nh) 

(XIV.) 

It is true that this amide yields, on treatment with nitrous acid, 
a-cyano-ALcf/cfopenteneacetic acid (XIII), identical with the com¬ 
pound obtained by Harding and Haworth (T., 1910, 97, 486), but 
the fact that it readily condenses with more eyanoacetamide to 
form the didmino-eompound (XIV) is, we think, proof that it 
must have the formula (XII). Its precipitation in the present 
instance is due entirely to its insolubility in the aqueous medium 
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used, because, 'if* sufficient alcohol is employed, the reaction 
pursues a normal course with the direct production of the di-iinino- 
derivative (XIV). The production of this intermediate product 
is, however, of interest, since it is probable that in all cases of 
this kind the initial condensation leads to the formation of the 
unsaturated derivative, which then reacts further with eyano- 
acetamide, forming the glutaric derivative. If this is the correct 
explanation, it is easy to understand the difference between the 
cyanoacetamide condensation and the G-uaresehi reaction, because, 
in the former case, it is to be anticipated that the addition of 
cyanoacetamide will lead to the more stable tran s-eonfiguration, 


CN-OCOXH, 

i, * +NH 2 *aO*OH 2 -ON 


CN-CH*CONH 2 

EoO. 

N H 2 * CO • U H • CN 


whereas in Guaresehi’s reaction the presence of excess of ammonia 
causes the production of the m-derivative, owing to the tendency 
for the compound to pass into the ammonium, salt, 

CX‘OH*CO-NH 2 0N-CH‘C(0NH 4 ) 

R 2 0 ■ > I?!>0 X 

I “I I 

nh 2 *co-ch-cn cn-ch-uo 

The latter is therefore an “ enforced ” reaction, and can, as will 
be shown, be made to yield condensation products in cases where 
a true catalytic reaction, such as the cyanoacetamide reaction, fails 
owing to a lack of tendency on the part of the ketone to yield a 
condensation product. It is found, for example, that the cyano- 
acetamide reaction can be effected with all ketones having two 
secondary carbon atoms next to the carbonyl group. If one of 
these is tertiary, the cyanoacetamide condensation fails, but pro¬ 
ducts' can be obtained by the Guareschi method, although in 
diminished yield. If both carbon atoms are tertiary, both the 
cyanoacetamide reaction and Guareschi’s reaction fail to yield con¬ 
densation products, and the same is the ease if one carbon atom is 
quaternary, as in camphor and pinacolin. 

We have been led to adopt this explanation of the course of the 
two reactions on account of the results of a series of experiments 
which have now , been carried out on the question of the elimina¬ 
tion of an alkyl group from the ortho-position during the con¬ 
densation of ketones containing such groups with cyanoacetamide. 

In Part XVIII ( loc . cit.) it was noticed that 2-methylcyc/o- 
hexanone (XV) and 2:4-dimethylcytfohexanone (XVI) gave with 
cyanoacetamide and piperidine the same condensation products as 
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those derived from cyclohexanone and 4-methylcyc/ohexauoue 
respectively: 


CH 2 <4 : yHMe >co 

(XV.) 


CIlM b <^2^Me> 00 

"(XVI-) 


Cm 2 -CHMe^ rt ^CH(CN)-CO^ >7CW 
CH 9 —OH. 2 ^ ,x -aH(CN)*C(K * 11 
(XVII.) 


{"^•3<SPH"- OH. 


Great care was taken to purify these ketones, and although the 
yields of the condensation products were small and the reactions 
very sluggish, their constitutions were unquestionable. It was 
therefore assumed that the inhibiting effect of the ortho-methyl 
group prevented condensation, but that a certain portion of the 
ketone eliminated the' inhibiting methyl group and yielded the 
product, next lower in the series. At the same time, it was men¬ 
tioned that Squintani (Atti R. Accad. Set. Torino, 1912—1913, 
48, 675) had prepared from 2-inethyieye/ohexanone by the 
Gruaveschi method, a condensation product melting at 210°, to 
which he assigned the structure XVI. It was also pointed out 
that the melting point of this substance was very close to that of 
the corresponding compound from cyclohexanone, namely, 
211—212°, and it was suggested that in this ease also the ortho- 
methyl group had been eliminated. 

The whole question has now been re-examined, and the pure 
o-methyl ketones have been regenerated from the carefully purified 
semicarbazones, with the result that it has been established beyond 
question that the ortho-substituted ketones do not react with 
cyanoacetarnide, but give by the Guareschi method a poor yield 
of the ortho-substituted condensation product. 

It follows also that the pure" o-methyl ketones of Messrs. 
Poulenc contain appreciable quantities of the next lower liomo- 
logue, which, curiously enough, cannot be detected either by 
analysis or by the precipitation of the semicarbazones, a fact that 
can be demonstrated in the following way. The “ pure ” 2-methyl- 
cycfohexanone of Messrs. Poulenc when treated with semicarbazide 
in slight excess was found, to give a seinicarbazone melting at 
183—184°, in the crude condition, and at 190—191°, the correct 
melting point of the seinicarbazone of 2-methylcyclohexanone, 
after being once recrystallised from alcohol (the seinicarbazone of 
cyclohexanone melts at 163°). A mixture of pure ry <7<>hexanone 
(15 per cent.) and pure* 2-methylcyc/ohexanone (85 per cent.) was 
then made up, when it was found that a seinicarbazone of the 
same melting point (183—184°) as that derived from the Poulenc 
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ketone was obtained. As a matter of fact, the presence of cyclo¬ 
hexanone could not be detected at all in this mixture. In the 
same way, the pure semicarbazone of 2:4-dimethyl cyclohexanone 
(melting at 194°) was precipitated from the pure’’ ketone of 
Messrs. Poulenc, although the presence in it of at least 10 per cent, 
of 4-rnethyl cycJoh exanone is clearly indicated by the experiments 
described in this paper. 

Messrs. Poulenc informed us that this ketone must be free from 
4-cyc/ohexanone, because it is prepared by the Sabatier-Senderens 
process from m-4-xylenol. It is evident, however, that the ortho- 
methyl group is eliminated during the Sabatier-Senderens reduc¬ 
tion, and not during the cyanoacetamide condensation. It is also 
evident that Squintani was dealing with a similar mixture of 
cyclohexanone and 2-methyl cyclohexanone, since the condensation 
product (XVII) prepared from the pure ortho-methyl ketone melts 
at 245°, and not at 210°. The structures of our products (XVII) 
and (XVIII) follows from the fact that they are completely con¬ 
verted into the acids (XIX) and (XX) on complete hydrolysis. 


(XVIII.) 

ptt KT ^CH 2 -CHMe\, n <^OH, l -GO,H 

ch m <ch;-ch,> c< ch;‘Cu!h 

(XX.) 


ch. 2 < 


■CHVCHM< 


^C0,-C<XH 


CFL- 


•ch 2 >c< oh;-co;h 

(XIX.) 


In order still further to emphasise the difference between the 
two types of reactions, we have investigated several other ketones 
having one tertiary carbon atom next to the carbonyl group. 
These compounds do not form condensation products with cyano¬ 
acetamide, but condense to a limited extent (the yield is usually 
about 15—20 per cent.) when subjected to the Gfuareschi reaction. 
These results may be summarised as follows. 

2-Methylcyc?opentanone (XXI) yields the condensation product 
(XXII), which is transformed into the acid (XXIII) on hydro¬ 
lysis : 


CHo'CHMe 
CHS,—CH .^ 00 
(XXL) 


CH 2 .CHMe CB(CX)*CG 
OH,—CH 2 ^ NlH(CX)*C0^' 
(XXII.) 

!0 3 *CHMe CH 2 -CO*H 
•CH 2 ' >t ' < *CH 2 *C0 2 H 
■ (xxm.) r ■ 


OH, 
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Dihydrocarvone (XXIV) gives a fairly good yield of the con¬ 
densation product (XXV), which, however, cannot be hydrolysed 
without deep-seated decomposition. . 


r , R /OH,-—u.tu\ie\ nn 

tH ^CH(CMe:CH 2 )-CH 2 ^ UU 


-CHMev 


(XXIV.) 


oh 2 < 


CH 0 - 


-CHMe> s «^H(ON)*CO> sw -p 
T^.OTT^^CH(CN)*Cd^ ■ 


Pr« v< /CH 2 -CO s H 

Me^ l ^CH a -CO,H 


^CH(CMe:CH 2 )-CH</ 

“ (XXV,) 

Methyl tsopropyl ketone (XXVI) leads to the condensation pro¬ 
duct XXVII, which gives the acid XXVIII on hydrolysis: 

Pr >ro Pr Sa<r CH ( CN )* C0 >NH 

Me^ CU Me-^^^CHCONl-CO^ H 

(XXVI.) (XXVII.) (XXVIII.) 

Methyl t/Mbutyl ketone (XXIX) is converted into the product 
XXX, and benzylethyl methyl keton© (XXXI) into the compound 
XXXII: 

CHM S>C0 CHMeE :>< Hp ); CO >NH 

(XXIX.) (XXX.) 

CH,Ph-CHMe^ nr . CH 2 Ph-CHMe^ >n ^CH(CN)-CO> NVT . T 

Me^ uu Me^NlH(CN)-(XK^ 11 ' 

(XXXI.) (XXXII.) 

The condensation of benzyl isopropyl ketone (XXXIII) with 
ethyl cyanoacetate and - alcoholic ammonia has been described by 
G-uareschi (Gassetta, 1918, 48, 97), who obtained a condensation 
product melting at .248°. We have repeated this condensation 
with the ketone supplied by Messrs. Poulenc, and have isolated 
both G-ua-reschi’s compound and also another which melts at 
214—216°. The, former we have identified as the benzylmethyl 
derivative (XXXIV) which we prepared from, benzyl methyl 
ketone (XXXV): 

OH £>CO c ^>o<«h^);“>hh c %>co 

(XXXIII.) (XXXIV.) ' (XXXV.) 

The latter was found to be identical with the benzylethyl deriv¬ 
ative (XXXVI) prepared in a similar manner from pure benzyl 
ethyl ketone (XXXVII): 

GH 2 Ph^ p /CH(C]N)‘COx >> j W CH ? Ph^ m 

Et^^CH(CN)-C<K lN n 

(XXXVI.) (XXXVII.) 

(XXXVJII) 
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It is evident, therefore, that the benzyl isopropyl ketone used 
by Guareschi and by us contained considerable quantities of benzyl 
ethyl and benzyl methyl ketones. In order to settle this point, 
we prepared the pure henzyl isopropyl ketone by distilling a mix¬ 
ture of the calcium salts of phenylacetic and isobutyric acids in 
accordance with Ludlam’s method (T., 1902, 81, 1185). The 
purity of the ketone was controlled by tbe formation of the semi- 
carbazone, which we found to melt at 138—139°, in agreement 
with the figure found by Blaise ( Gompt. rend., 1901, 182, 480 ). 
and not at 126°, the number given by Senderens (Gompt. rend., 
1910, 150, 1138). 

When condensed with ethyl cyanoacetate by the Guareschi 
method, no trace of the condensation product (XXXYIII) could 
be isolated, and it would appear, therefore, that the occurrence 
of these lower homologues in commercial benzyl isopropyl ketone 
is another example of the elimination of ortho-alkyl groups. 

Some of the acids formed from these condensation products on 
hydrolysis appear to be abnormal, and a description of them is 
therefore reserved for a future communication. 


Experimental. 

The condensation of ketones with cyanoacetamide was carried 
out in the manner already described (T., 1911, 99, 424 ). For 
the condensations with ethyl cyanoacetate, Guareschi s instructions 
were, in the main, followed. The ketone (one molecular propor¬ 
tion) was mixed with ethyl cyanoacetate (two molecular propor¬ 
tions), and a little more than three molecular proportions of 
ammonia, dissolved in absolute methyl or ethyl alcohol, added to 
the mixture. The solution assumed a yellow or orange colour and 
became warm. It was kept at 40° for forty-eight hours, by which 
time the ammonium salt of the dicyanopiperidine derivative had 
separated; in many instances, some cyanoacetamide was precipi¬ 
tated at the same time. In all cases, sufficient water was added 
to dissolve the salt, the solution extracted with ether to remove 
unchanged ketone, and the extracted solution acidified, when the 
dicyanopiperidine was precipitated,, usually in several crops. All 
the compounds of this type were found to be colourless and to 
crystallise remarkably well. 

2-Methylc.ycialiexaiione (XV, p. 890). 

This ketone, when carefully purified by regenerating it from 
the pure semicarbazone, does not condense with cyanoacetamide, 
the latter being recovered unchanged* 
ygl. gxv. 


I) I) 
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With ethyl cyanoacetate and alcoholic ammonia, the commercial 
preparations of the ketone give mixtures containing varying 
quantities of two compounds, one melting at 207° and the other 
at 245°. They can be separated by a tedious process of fractional 
crystallisation from 50 per cent, aqueous alcohol; the compound 
of higher melting point is the less soluble and crystallises out first, 
but mixtures of various melting points, ranging from 190° to 210°, 
are obtained intermediately, and this probably accounts for the 
results obtained by Squintani (see p. 690). 

The compound melting at 207° was identified by direct com¬ 
parison and by analysis (Found: C=62*28; H=5‘79. C 12 H 13 0 2 N 3 
requires 0 = 62*3; H=5‘6 per cent.) as the <o-imide of aed-dicyano- 

c?/cfohexane-l; 1-diacetic acid, C 5 H 10 *.C ( coin " 

par© Thorpe and Wood, T., 1913, 108, 1592). On hydrolysis 
with 60 per cent, sulphuric acid, it yielded c?/cZohexane-l: 1-diacetic 
acid, melting at 181°, which was identified by direct comparison 
with a specimen prepared from cyclohexanone. 

The compound melting at 245° is the sole product of the reac¬ 
tion if the ketone used is absolutely pure; the yield is about 
3 grams from 11*2 grams of the ketone. 

The (a-hnide of a.aJ-dicyano-2-m ethylcyclohexane -1 : 1-diacetic 
acid (XVII, p. 690) crystallises from 50 per cent, aaueous alcohol 
in glistening plates and melts at 245° with slight decomposition : 

0*1016 gave 0*2375 C0 2 and 0*0557 H 2 0. 0=63*80; H = 6*09. 

0*1182 „ 17*7 c.c. N 2 at 19° and 766 mm. N = 17*34. 

C 13 H i 5 0 2 X 3 requires Q=63*7; H = 6*l; 1ST = 17*1 per cent. 

The oj -imide of aa f ^/icarbamyl~2-methylcydohemne-l :l-diacetic 



as a macrocrystalline precipitate when the above dicyano-derivative 
is dissolved in ten times its weight of concentrated sulphuric acid 
and the solution, after keeping for twenty-four hours at the ordinary 
temperature, is poured into ice-water. It crystallises from abso¬ 
lute alcohol in small plates, which melt and decompose at 275°: 

0*1357 gave0*2735 C0 3 and 0*0828 H,0. 0=54*96; H = 6*78. 

0*1583 „ 21 c.c. Ng* at 21° and 755~ mm, N=14*94. 

C 13 H i 9 0 4 N 3 requires 0=55*5; H = 6*8; N = 14*9 per cent. 

'2-Methylcyclohexa'fie-l: 1-diacetic acid (XIX, p. 691) is formed 
in excellent yield when the dicyano-derivative is hydrolysed by 
60 per cent, sulphuric acid in accordance with the method 
described by Thole and Thorpe (T., 1911, 99, 434). It crystallises 
from dilute alcohol in colourless, iridescent plates, or from benzene, 
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in which, it is sparingly soluble, in prismatic needles. Both forms 
melt at 148°: 

0-1088 gave 0-2462 C0 2 and 0-081G HoO. C = 61*70; H = S*33. 

C ri H ls 0 4 requires C = 61'7; H —8-4 per cent. 

A normal solution of the neutral ammonium salt of the acid 
does not give a precipitate with either barium or calcium chlorides, 
but if more concentrated solutions are used, a copious precipitate 
of the calcium salt can be obtained on boiling. The silver salt 
is a white, curdy precipitate: 

0'1266 gave 0‘0634 Ag. Ag = 50*05. 

C u H 16 0 4 Ag 2 requires Ag=50-45 per cent. 

Neither the anhydride nor the semianilide of this acid could be 
obtained in a crystalline condition, although the former can be 
readily prepared as an oil, insoluble in aqueous sodium hydrogen 
carbonate solution, by treating the acid with hot acetyl chloride. 


2 :4krDimethylcyclohexanone (XVI, p. 690). 

The pure ketone, regenerated from the semiearbazone, does not 
condense with cyanoacetamide. Commercial preparations of the 
ketone readily condense with ethyl cyanoacetate, 12*6 grams of the 
ketone giving about 3*2 grams of a crude condensation product- 
melting at 205—210°. 

On recrystallisation from alcohol, a small amount of a substance 
crystallising in needles and melting at 213° is obtained from the 
more soluble portion. This substance was identified as the w-imide 
of aaMicyano-4-methyleyc£ohexane-l: 1-diacetic acid, 

CHMe<^,;CHp c< CH(CN) ; 00>- NH ; 

by direct comparison with a specimen prepared from '4-methyl-. 
cyeZohexanone. The bulk of the product consists of the oi-imule 
of aa ! -dieyano-*! : i-d/wiethylcyclohexOriie-l: l-duicetic acid (XVIII, 
p. 691), which crystallises from alcohol in sparkling plates melt¬ 
ing at 236°, not unlike the 2-methyl compound in appearance: 

0.-1254 gave 0’2970 £0, and 0*0751 H 2 0. C=64*60; H = 6*G5. 

C 14 H 17 0 2 N 3 requires C=64*9; H = 6*6 per cent. 

2: A-Dimethylcjciohexetne-l : 1-dlacetic acid (XX, p. 691) is 
obtained in good yield when the above dicyano-imide is hydrolysed 
with 60 per cent, sulphuric acid. It crystallises from water con¬ 
taining a little alcohol in long, prismatic needles melting at 152°, 
and is'"very sparingly soluble in benzene: 


B D s 
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0-1180 gave 0*2730 C0 2 and 0*0935 H,0. 0=63-10; H = 8*80. 

C 12 H 20 O 4 requires 0 = 63*2; H = 8*8 per cent. 

2 : 4 -DimethylcycXoheomne-1 : 1 -diacetic anhydride, 

rwM^CEL-CHMe\^CH. 2 -CTK >n 
C HMe<c H 2 “—CH 2 ^ C< -CH 2 -C0^ 0, 

which can be obtained by boiling the acid with acetyl chloride, 
crystallises from light petroleum (b. p. 60—80°), containing a 
little benzene, in colourless plates melting at 68*5°: 

0*1173 gave 0*2959 CO, and 0*0918 H 2 0. C= 68*77; 1-1=8*70. 

C 12 H 18 0 3 requires C = 68*6; H=8*6 per cent. 

The semianilide , prepared in the usual manner from a benzene 
solution of the anhydride and aniline, crystallises from dilute 
alcohol in glistening laminae melting at 151°: 

0*1095 gave 0*2850 CO, and 0*0820 H 2 0. C = 70*97; H = 8*13. 
C'i 8 H 25 0 3 N requires 0=71*3; H = 8*3 per cent. 


Dihydrocarvone (XXIV, p. 692). 

The ketone was prepared by the reduction of carvone by zinc 
dust and sodium hydroxide (Wallach, Annalen, 1894, 279, 377). 

It does not combine with eyanoaeetamide, but condenses fairly 
readily with ethyl cyanoacetate, the yield of condensation product- 
being about 3 grams from 15*2 grams of the ketone. Care should 
be taken to remove the unchanged ketone by repeated extraction ^ 
with ether, otherwise the condensation product is difficult to 
purify. The sole product of the reaction is the <b -imide 

of aa f -d4cya-no-2-viethyl-5-isopropylidenecycloheimne-l : 1 -diacetic 
acid (XXV, p. 692), which separates from dilute alcohol in clusters 
of silky needles, melting at 198—199°, but sintering and darkening 
at 197°: 

0*1091 gave 0*2698 CO, and 0*0667 H s O. 0=07*61; 11 = 6*79. 

0*1131 „ 0*2782 C0 2 ,, 0*0688 H 2 0. 0=67*05; H = 6*76. 

0*0860 „ 10*8 c.c. N 2 at 14*5° and 774*5 mm. N= 15*00. 

Ci 6 H 19 0,N 3 requires C = 67*4; H = 6*7; H = 14*7 per cent. 

Several attempts were made to hydrolyse this compound to the 
corresponding lion-nitrogenous acid, but a deep-seated decomposi¬ 
tion appeared to take place, and we were ’unable to- isolate any 
crystalline product. 

2 -Methylcyciopentanone *(XXI, p. 691). 

This compound was prepared by the hydrolysis of the corre¬ 
sponding carboxylic ester with dilute sulphuric acid, according to 
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Dieekmann’s method ( Annalen , 1901, 817, 27). It does not com¬ 
bine with cyanoacetamide, and only gives a very poor yield of 
condensation product with ethyl cyanoacetate. This consists of 
the c o-imide of ad-dieyano-2-methylcyclopejitanc-l : 1 -diacetic add 
(XXII, p. .691), which crystallises from alcohol in glistening plates 
melting at 237°: 

0-0943 gave 0-2109 CO* and 0-0484 H 2 G. 0 = 62-40; H = 5-70. 

C 12 H 1S 0 2 N 3 requires C=62-3; H = 5 - 6 per cent. 

2-M ethyl cyclopentane-l: l~diacetic acid (XXIII, p. 691) is 
obtained from the above dicyano-imide on hydrolysing it with 
60 per cent, aqueous sulphuric acid. It crystallises from a mix¬ 
ture of benzene and light petroleum (b. p. 60—S0°) in small prisms 
melting at 112°: 

0-1361 gave Q‘3010 C0 2 and 0-0998 H.>0. C= 60*33; H = 8‘15. 

C 10 H 16 O 4 requires C = 60‘0; H=8-0 per cent. 


cycloP enta n one. 

The greater part of the ketone required was prepared by dis¬ 
tilling adipic acid with a small quantity of baryta (D.R.-P., AppL 
F.33624). The method gives a yield far superior to that obtained 
by the dry distillation of calcium adipate or by Blanc’s method 
involving the use of acetic anhydride. 

Condensation with Cyanoacetamide. —cycfoPentanone reacts in 
this condensation differently from cyclohexanone and its deriv¬ 
atives, owing, presumably, to the greater solubility of the normal 
condensation product. If the operation is carried out at the 
ordinary temperature, very little of the imino-compound is formed 
even if an excess of cyanoacetamide is used. The main product is 
the amide of a-cyano-h l ~cyc\openteneacetic acid (XII, p. 688), 
which separates in several crops, usually in rhombohedral crystals. 
The yield is about 6 grams from 25 grams of cyanoacetamide. A 
little imino-compound (melting at 287°, see p. 688) also separates 
in the later stages, and on acidifying the mother liquor, some di~ 
imide (see p, 688) is obtained. The amide possesses a remarkable 
tendency to crystallise, and can be recrystallised from almost any 
of the usual solvents. It separates from water in magnificent,, 
long needles, closely resembling phthalic anhydride in appearance. 
From alcohol, in which it is freely soluble, rhombohedral aggre¬ 
gates are obtained. Similar crystals separate from ethyl acetate, 
whereas from chloroform, benzene^ or light petroleum the com¬ 
pound crystallises in needles, It melts at 134°: 
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01257 gave 0-2949 C0 2 and 0*0756 H 2 0. 0 = 63-98; H=6-GS. 
0-1318 „ 21-5 c.c. N 3 at 13° and 755*5 mm. N = 18-93, 
C s H 10 ON 2 requires C = 64'0; H = 6-7; N = 18*7 per cent. 

On prolonged boiling with, water, and especially dilute alkali, 
ammonia and some cycfopentanone are evolved. On acidifying 
and extracting with ether, an acid is obtained melting at 130—131°. 
This acid is, however, more conveniently prepared by dissolving 
the amide (1 gram) in concentrated sulphuric acid (5 c.c.) and 
slowly adding 6 c.c. of a 20 per cent, sodium nitrite solution to 
the ice-cold mixture, the reaction being completed by warming 
on the water-bath for half an hour. On cooling, the solution 
deposits the acid in thin, felted needles, which, after recrystallisa¬ 
tion from a mixture of benzene and light petroleum, melt at 
130—131° (Found: 0= 63-70; H = 6-18; N = 9*57. C s H 9 0 2 N 
requires G = 63’6; H|=6-0; N = 9*3 per cent.). The acid is 
evidently identical with cc-cyano-M-cycfopenteneacetic acid (XII, 
p. 688) obtained by Harding and Haworth (T., 1910, 97, 486). 

If the condensation of cyc?opentanone with cyanoacetamide is 
effected at a higher temperature and care is taken to prevent the 
precipitation of the amide by adding more alcohol, the reaction 
proceeds a step further. Thus when 14 grams of cyanoacetamide 
are dissolved in 50 c.c. of water, 7 c.c. of eye/opentanone, 50 c.c. 
of alcohol, and a few drops of piperidine added, the liquid, after 
being kept for some time at 37°, deposits a microcrystalline solid, 
melting and decomposing at 287°, which is completely soluble in 
dilute mineral acids, and appears to be the <n-di-iminodi-imide of 
cjclopentane-1 :l-dimalonic acid (XIY, p. 688). The yield of this 
substance is, however, poor, and the condensation is not to be 
recommended for the preparation of the corresponding diacetic 
acid. Much of the imino-compound’ remains in solution, and 
separates on acidifying as the di-imide (see below). The formation 
of the acid by-product (the dicyano-imide) was not observed. 

A similar result is obtained when an alcoholic solution of cyano¬ 
acetamide (one molecule) and the • amide of a-cyano -k l -cydo- 
penteneacetic acid (p. 688) is mixed with a few drops of piperidine 
and allowed to remain at 40°. A small amount of the imino- 
compound (XIV, p. 688) is deposited first, and, on acidifying, the 
di-imide separates. ' 

The di-iminodi-imide (XIV, p. 688) is soluble in dilute mineral 
■'acids, : '.and separates again, if the solution is immediately poured 
into aqueous sodium acetate, but even then a partial hydrolysis of 
the imino-groups occurs, and concordant figures could not be 
obtained on analysis. For . the same reason, the platinichloride 
could not be prepared uncontaminated with ammonium platini- 
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chloride. The specimen for analysis was therefore purified by 
washing, and the analytical figures lead to the formula 
C 11 H m 0 2 N 4 4-|H 2 0, hut it must be remembered that the com¬ 
pounds of this type burn only with the greatest difficulty: 

0*1590 gave 0*3177 C0 2 and 0-0920 H 2 0. 0=54*50; H = 6*43. 
0-1125 „ 0-2255 C0 2 „ 0'0647 H 2 0. 0=54*67; H = 6*39. 

0-1535 „ 29-8 c.c. N s at 8-5° and 760 mm. N = 23*36. 

C n H 14 0 2 N 4 + 4H 2 0 requires C=54*3; H = 6*2; N = 23*l per cent. 


The (o-Di-imide of cycloPentane-l : 1-dimalonic Add, 

OO--CH-00 

NH C.H’O 

I .11 

CO-CH'OO 

This compound is obtained on acidifying the mother liquors from 
which the di-imino-compound has been filtered off, or by boiling 
the latter with dilute hydrochloric acid for a short time. It can 
be produced in a variety of crystalline forms—usually in fern¬ 
shaped aggregates of prisms—if allowed to separate slowly from 
the original liquors. When recrystallised from much alcohol or 
glacial acetic acid, it is obtained in small, silvery plates which 
decompose without melting at about 360°: 

0-1282 gave 0*2608 C0 2 and 0*0616 HoO. 0=55-48; H = 5'34. 

0*1814 „ 18*2 c.c. N 3 at 8° and 757 mm. N = 12*03. 

C n H 12 0 4 N 2 requires C=55/9; H = 5*l; N = ll-9 per cent. 

The di-imide slowly dissolves in sodium carbonate solution, but 
is sparingly soluble in all organic solvents. 


The Amide, of cycloid tan c-l: 1-dimalonic Acid,.. 

Off 2 -CH CH(OO s H)-CO s H 
CH 2 -OH^ ^CH(OO s H)-CO-NH./ 


When either the above di-imide or the dicyano-imide (see below) 
is boiled with a slight excess of 20 per cent, aqueous potassium 
hydroxide for not longer than three-quarters of an hour, the solu¬ 
tion deposits this amido-acid as a crystalline precipitate when 
acidified. It can be recrystallised from water, and melts with 
vigorous decomposition at 157° : 

0-1636 gave 0*2907 C0 2 and 0*0819 H 2 0. 0=48*46; H = 5*56. 

* C n H 17 0 7 N requires C = 48*4; H = 5*5 per cent. 

0*1647 required 18*20 c.c. of il r /10-NaOH for neutralisation. 

C u H 17 0 7 N (tribasic) requires 18*10 c.c. 
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, , T . 7 . , . 7 CEL-CH*. XH(C0 3 H) 2 

cycloPen-tane-l : 1-dimalomc Acid, . CH “> c < C xf(CO,Ti) 

When a solution of the above amido-acid in an excess of 10 per 
cent, sodium hydroxide solution is boiled until no more ammonia 
is evolved, and the solution is acidified, the above acid separates. 
It crystallises from hydrochloric acid in plates, which decompose 
at 169° into carbon dioxide and cyeZopentane-1:1-diacetic acid: 
0-1062 gave 0-1872 CG 2 and 0-0510 H a O. C = 48‘10; H = 5'34. 

C n H 14 0 8 requires C=48'2; H = 5‘l per cent. 

The imide of cjelopentane-l : 1-diacetic acid, 


9H.-0F CH s -CO 
CH.'CHg ^ < ^CH:/CO'^ > H ’ 

is prepared by heating the amido-tricarboxylic acid at a tempera¬ 
ture a few degrees above its melting point until the evolution of 
carbon dioxide has ceased. It crystallises from water in glisten¬ 
ing plates melting at 153°: 


0-1139 gave Q’2705 CO., and 0*0805 H 2 0. C=64'77; H=7*85. 
0-1652 „ 13-0 c.c. N 2 at 26-5° and 760’3 mm. N=8-68. 

C 9 H, 3 0 2 N requires C==64 - 7; H=7 - 8; N=8*4 per cent. 


, _ , . 7 ch,*cf 2 . n .ch 0 -co 2 h . 

<iycloPentane-l:l~dmcetic acid, T ". ■ >C<W “ 1 9 is 

L'Jig'DUgli 

obtained in excellent yield when either tlie imino-compound or the 
di-imide are hydrolysed with sulphuric acid in the usual way. 
The acid crystallises from water in fern-shaped aggregates of pris¬ 
matic needles melting at 176—-177°. It is sparingly soluble in 
benzene: 

0-1371 gave 0-2910 C0 2 and 0-0920 H,0 . 0 = 57*89.; H = 7-46. 

C 9 H lf 0 4 requires C=58'l; II = 7*5 per cent. 


A normal solution of the neutral ammonium salt of the acid 
gives no precipitate with barium chloride either in the cold or on 
boiling. On boiling with normal, calcium chloride solution, a 
white precipitate is formed, which does not redissolve on cooling. 
The silver salt is a white, curdy precipitate; which slowly darkens 
on exposure to light: 

0-2149 gave 0-1159 Ag. Ag=53-84. 

OgHjoO^Ag;, requires Ag=54'0 per cent. 
cyc]ol J entane-l : 1-diacetic anhydride, 


CH-co 

1 -r>°<OEL.CQ> 0 ’ 


CBL-CH" 


is obtained when the acid is boiled with an excess of acetic 


anhydride or acetyl ■ chloride, and crystallises as the reagent 
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evaporates. It separates from light petroleum (b. p. 60—80°) eon* 
taming a little benzene in iridescent laminae melting at 68°: 

01528 gave 0-3586 C0 2 and 0*0936 H s O. 0=64-02; H = 6-81. 

OcjHjoQg requires 0=64*3; H = 7-0 per cent. 

The semianilule is readily obtained on boiling the anhydride 
and aniline in benzene solution. It crystallises from alcohol in 
large, colourless laminae melting at 118°: 

0*1127 gave 0-2852 C0. 2 and 0*0730 H 2 0. 0=69-03; Hi=7*20. 

C 15 H 19 0 3 N requires C=69-0; H = 7*3 per cent. 


The <n-Zmide of aa'-Dicyanocyclojyentane-l: 1-diacetic Acid, 

CH s -OH CH(CN)-CO 

CH.-CH^ N3H(CN)-CCK 


This compound is obtained when cyefopentanone is condensed 
with ethyl cyanoacetate in the presence of alcoholic ammonia, the 
yield being about 50 per cent, of the theoretical. As a good yield 
of cycifopentane~l: 1-diacetic acid can be easily obtained from the 
dicyano-imide on hydrolysis, this condensation is the best means 
for preparing the acid in quantity. The imide crystallises from 
dilute alcohol in stellate clusters of needles melting at 179—180°: 

0*1588 gave 0*3531 C0 2 and 0*0717 H,0. C=60-63; IT = 5-02. 

C 11 H 11 0 2 N« requires C = 80*S; H = 5*l per cent. 

The w-imide of aa l -dicarham.ylcyc\oi}entane-1 : 1-diacetic acid, 

is formed from the dicyano- 

derivative when it is treated with cold, concentrated sulphuric acid. 
It crystallises from much alcohol in small, colourless prisms, which 
darken at 285° and carbonise without melting at 310° : 

0-1166 gave 0-2219 C0 2 and 0*0631 ILO. C=51*88; H = 6-01. 

0*1620 „ 23-4 c.c. X 2 at 15*5°' ancf 751-5. N = 16*62. 

C u Hi 5 0 4 N 3 requires C=52*2; H = 5*9; 3ST~ 16*6 per cent. 

Complete hydrolysis of the above compounds with 60 per cent, 
sulphuric acid leads to eycfopentane-l: 1-diacetic acid. 


Methyl iso Propyl Ketone (XXVI, p..092). ' 

This ketone does not condense with eyanoacetamide. The con¬ 
densation with ethyl cyanoacetate has already been carried out by 
Guareschi (A Hi R. Accad. Sci. Torino , 1901, 50, 288), but he lid 
not analyse the product. 

We find that 8-6 grams of the ketone when treated with 22*6 
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grams of ethyl cyanoacetate and 50 c.c. of alcoholic ammonia 
(12 per cent.) give 3-2 grams of the condensation product, which 
is the < o-imide of aa ; -dicyano-(3-methyl-B-isopropylghdaric acid 
(XXVII, p, 692). It crystallises from alcohol in lustrous plates 
which melt at 233—234°: 

0-1271 gave 0-2815 CO.> and 0-0656 H 2 0. 0=60*40; H = 5*74. 

0*1603 „ 26*1 c.c. N a at 9° and 756 im N = 19'40. 

C n H 13 0 2 N 3 requires C=60*3; H=5*9; N = 19*2 per cent. 

fi-Methyl- (3-isopropylglutaric acid (XXVIII, p. 692) is produced 
when the above imide is hydrolysed with 60 per cent, sulphuric 
acid. It crystallises from benzene in small plates melting at 100°: 

0*1315 gave 0-2761 C0 2 and 0-0994 H 2 0. C = 57’26; H = 8*40. 

C 9 H 16 0 4 requires 0=57*4; H = 8*5 per cent. 

$-Methyl-(3-isopropyl glu t a ri c anhydride, S> C <CH 

is prepared by boiling the acid for a short time with acetyl chloride. 
It crystallises from light petroleum (b. p. 60—80°) mixed with a 
small quantity of the same solvent boiling at 80—100° in glisten¬ 
ing plates melting at 41—42°: 

0*1181 gave 0*2740 CO* and 0*0.880 ELO. 0 = 63*28; H = 8*28. 

0 9 H 14 0 3 requires C = 63-5; H —8*2 per cent. 


Methyl ijj-Butyl Ketone (XXIX, p. 692). 

This ketone was prepared by the hydrolysis of ethyl methyl- 
ethylaceto acetate according to the directions of Wislicenus 
(Annalen, 1883, 219, 303). It does not condense with cyano- 
acetamide, but gives with ethyl cyanoacetate a very small yield 
of the e o-imide of aa , -f7icgfMQ~&-viethgl-f3-ty-lntty}glirtari(', acid 
(XXX, p. 692), a substance* which crystallises from alcohol in 
magnificent, nacreous plates resembling naphthalene in appear¬ 
ance, and melting at 215—216°: 

0-0S27 gave 0-1860 OCX, and 0*0471 11,0. 0 = 61*33; H = 6*33. 

0*0553 " „ 8*65 c.c. X, at 16*5° and“770 mm. N = 18*36. 

C 1 . 2 H ir ,0,N 3 requires C=61*8; H=6*44; N = 18-0 per cent, 


Benzylethylmethyl Ketone (XXXI p. 692). 

The ketone required for this investigation was prepared accord¬ 
ing to Harries and Muller's method (Ber. T '1902, 35, 966). The 
yield of condensation product with ethyl cyanoacetate and. 
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alcoholic ammonia was found to be exceedingly small —O'5 gram 
being obtained from 8*1 grams of the ketone. The to -imicle of 
aa r -dicyano-0-metkyl-p-(a-benzylethyi)gliitaric acid (XXXII, p. 
692) crystallises from dilute alcohol in small needles melting at 
223—224°: 

0-1212 gave 0*3068 C0 2 and 0-0636 H 2 0. 0=69*05; H=5*83. 

C 17 H 17 G 2 N 3 requires C = 69'2; H = 5*S per cent. 


Benzyl iso Vropyl Ketone (XXXIII, p. 692). 

The pure ketone was prepared by distilling together an intimate 
mixture of calcium phenylacetate and calcium isobutyrate in a 
current of carbon dioxide. The product was fractionated and 
separated into three main fractions, consisting of diisopropyl 
ketone, benzyl isopropyl ketone, and dibenzyl ketone. After 
refractionation, 30 grams of benzyl fsopropyl ketone were obtained 
from 165 grains of calcium phenylacetate. The ketone boils at 
238—240°. The semicarbazone is formed when a solution of semi- 
carbazide acetate is mixed with the ketone, together with enough 
alcohol to bring the latter into solution, and the mixture allowed 
to remain overnight. It crystallises from alcohol in small, cubical 
crystals resembling common salt, and melts at 138° to a colourless, 
opaque liquid, which clears at 139°: 

0*1454 gave 25*8 c.c, Kb at 28° and 762*4 mm, N = 19'38. 

C I2 H 17 ON 3 requires 1ST = 19*2 per cent. 

No condensation product could be obtained from this ketone 
either with cyanoacetamide or with ethyl cyanoacetate. 

When a commercial preparation of the ketone was employed, a 
condensation product was obtained in poor yield; from this, two 
compounds were isolated by fractional crystallisation from alcohol. 
One of these crystallised in clusters of prismatic needles melting 
at 214—216°, and was proved by direct comparison to be identical 
with the benzylethyl compound {q-v.) (Found : C=68-21; H = 5*36; 
N =15*17. O 10 H 15 O 2 N 3 requires C=68*3; II =5*3; N = 14*9 per 

cent.).' 

The other compound can be obtained from the mother liquors 
after the above compound has separated out, although, with one 
.sample of the ketone, it formed the greater part of the condensa¬ 
tion product. It crystallised from alcohol in long, flattened needles 
melting at 246—247°, and was proved by direct comparison to be 
identical ■■with the benzylmethyl compound (<?*.r.) (Found: 
0 = 67*53 ;■ H=5*09, C 15 H 13 0 2 N 3 -requires 0= 67*4; H = 4*9 per 
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cent,). This compound appears to be identical with the on© 
described by Guareschi as the benzyl?’sopropyl derivative (Gazzetta. 
1918, 48, 97). 


Benzyl Ethyl Ketone (XXXVII, p. 692). 

A condensation product with ethyl cyanoacetate was readily 
obtained from this ketone, and was prepared for the sake of com¬ 
paring it with that obtained from benzyl isopropyl ketone. We 
find the yield to be as high as 7*5 grams from 14'8 grams of the 
ketone (compare Guareschi, Gazzetta, 1918, 48, 92). 

The o-imide of aa'-dicyano-fi-h enzyl-0-ethylglut aric acid 
(XXXVI, p. 692) crystallises from alcohol in fine, prismatic 
needles melting at 214—216° (Guareschi, loo. cit., gives 222—226° 
as the melting point of this substance): 

0-1192 gave G'29S4 C0 2 and 0*0566 H 2 0. C=68'27j H = 5-28, 

C 16 H 15 0 2 N 3 requires C=68-3; H=5'3 per cent. 

The products obtained by .the acid hydrolysis of this imide 
appear to be abnormal, and are still under investigation. 


Benzyl Methyl Ketone (XXXV. p. 692). 

This ketone condenses very readily with ethyl cyanoacetate and 
gives a good yield (13 grains from 10 grams of the ketone) of the 
(ti~imide of aa f -dicyano-0-benzyl-0-methylgtutaric acid (XXXIV, 
p. 692). It crystallises from aleohol in long, flattened needles, 
which melt at 246—247° and decompose a few degrees above this 
temperature: 

0-1194 gave 0-2938 GO., and 0-0506 H«0. C = 67-12; H = 4-71. 

0-1072 „ 0-2650 COs (by CrO s method).. C=67-40. 

C 15 H 13 0 2 N 3 requires C = 67*4; H—4-9 per cent. 

The Imperial College of Science and Technology, 

Sohyh 7 Kensington [Received, June 3rd, 1919.] 
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LYili .—“Blue John ” and other Forms of Fluorite . 

By Bertram Blount and James Harry Sequeira. 

A good deal of work lias been done on tbe properties of fluorspar 
or fluorite in the various forms in which it occurs in nature. 
Fluorspar as an industrial substance is ably dealt with in a memoir 
of the Geological Survey, entitled “ Special Reports on the Mineral 
Resources of Great Britain,” by Messrs. Carruthers, Pocock, and 
May, to which Messrs. Dewey and Brownhead have contributed. 
In this pamphlet, no reference is made to the cause of the colour. 

Derbyshire is properly regarded as the home of “Blue John.” 
The famous Blue John mine is in the Castleton district, and is 
thus described. “The Blue John mine consists of a number of 
natural caverns in carboniferous limestone connected by tortuous 
pipes or fissures and extending for a great distance. The blue 
fluorspar or ‘Blue John’ occurs as a lining on the walls of fissures 
and pipes, or in concentrically arranged layers. It is associated 
with barytes, and a leader of this mineral is usually considered 
a good guide to a deposit of ‘Blue John.’ The so-called veins are 
irregular, flattened pipes running for a while almost horizontally, 
and then bending sharply up and down and cutting across the 
bedding. Where a vein is nearly flat, its upper and lower surfaces 
are lined by coatings of blue fluorspar. . . This is enough for 
the present purpose, and it may be accepted that this is the 
best account extant of the occurrence of “Blue John ” in Great 
Britain. 

There is not much that we have been able to discover in foreign 
literature except a paper by H. W. Morse (Proc. Amer. Acad. 
Arts and Sci., 1906), which deals chiefly with the fluorescence of 
fluorite as studied in the spectroscope, but incidentally touches on 
some points of interest here. The essential statements are that the 
cause of the colour may be due to organic matter, and the con¬ 
clusion arrived at is that “the question as to the cause of the 
colour of fluorspar still remains in this unsettled state.” It is 
further said that the cause of the odour on heating is doubtful, 
and, further, that the gases expelled by this means are chiefly 
carbon dioxide, carbon monoxide, and hydrogen. Tests were mad© 
for helium on 10 kilos, of. fluorite with a negative result, and the 
author of the paper feels so doubtful of his conclusion that towards 
the end of his paper he says: “I saw no reason to, question the 
statement that the colour of fluorite is due to organic matter.” 
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Tiie evidence for and against this view is given in the ensuing 
notes of experiments made by ourselves. 


Chemical Composition of Blue John. 

Below are analysis of “Blue John” and of the white parts of 
the same mineral. 


“ Blue -John.” 

Per cent. 

White portions of 
same sample. 
Per cent. 

Calcium fluoride.. 

99-69 

99-71 

Alumina and ferric oxide . 

0-04S 

0-026 

Manganese . 

nil 

nil 

Magnesia. 

0-006 

0-005 

Chlorine . 

. nil 

nil 

Sulphur trioxide.. 

nil 

nil 

Sulphur .. 

. trace 

trace 

Phosphorus... 

0-09 

0-08 


It will be seen that the difference between them is so small as 
to be almost inappreciable. It will also be noticed that metals 
such as manganese, which have been regarded as likely to be the 
cause of the colour, are practically absent. 

The natural conclusion is that the colour of “Blue John” is 
due to some organic dye of animal origin, and that this has been 
absorbed by certain parts of the “Blue John” as distinct from 
others. Some support is given to this idea by the fact that there 
is usually a mechanical line of demarcation between the white and. 
blue portions of typical pieces of “Blue John.” This assumption 
of the cause of colour was tested by systematic extraction of “ Blue 
John,” powdered so as to pass a 6*0x 60 mesh sieve, with chloro¬ 
form, toluene, and aniline. Chloroform extracted 0* 11 per cent, 
of oily matter, toluene 0'04 per cent, of a similar substance, and 
aniline nothing further. Acetone, nitrobenzene, and naphthalene 
were also tried, with negative results; the extracted mineral 
remained as deep a blue as before extraction. A combustion of 
the extracted material gave 0 = 0*046 per cent., showing that the 
amount of organic matter must be minute. The hydrogen was 
0*17 per cent., but this is probably due to a small quantity of 
water combined or occluded, and the same remark may apply to 
the carbon, which may have existed as liquid carbon dioxide in 
the crystals. The “Blue John” after combustion was colourless. 

It may be remarked that all these experiments were mad© on 
the mineral direct from the mine. Earlier experiments were mad© 
on “Blue John” prepared as ornaments, and at that time the 
authors were not aware that the handsomest specimens are filled 
with resinous matter in order to make them easier to handle and 
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to turn. Probably on this account, other chemists have been mis- 
led into the belief that the colouring material is organic, because 
they have found organic matter in the samples which they ex¬ 
amined, and supposed that it was of natural origin. It remains a 
fact, however, that organic matter exists in “Blue John.” This 
organic matter is not affected by a temperature of 150°. When 
a temperature of about 350° is reached, the “ Blue John ” 
decrepitates and the colour disappears. 


Gases from “Blue John.” 

On account of experiments, which will be described later, it was 
%pposed that the colour of “ Blue John ” might be due to the 
action of radium, and many trials were made in this direction. 
As is well known, glass is easily coloured by the rays from radium, 
and a series of experiments was made by one of us. 

While these experiments were proceeding, another method was 
adopted for the same end. A fairly large quantity (about 
50 grains) of “Blue John” direct from the mine, not impregnated 
by any extraneous resinous material, was heated in a hard glass 
tube, and the gases were pumped out. After the carbon dioxide, 
hydrogen, and nitrogen had been removed, the remaining inert 
gases were examined spectroscopically in a Pliicker tube. Argon 
was present, but helium was not. The deduction is that the gases 
consisted only of those that occur naturally in rocks and minerals 
which readily decrepitate. 


Green Fluorspar “ Green John .” 

This is similar to “Blue John,” but decrepitates with greater 
violence. Both varieties fluoresce on heating, the light from the 
green kind being more vivid. Green fluorspar, called conveniently 
“ Green John,” and so referred to hereafter, appears to be much 
rarer than “Blue John,” and it was only by the kindness of a 
friend that a specimen of good quality was obtained. Others 
taken from mines in Durham and Cornwall were evidently less 
pure. As the quantity of good “ Green John” available was some¬ 
what small, our examination of it was necessarily limited, and the 
gases which are given off on decrepitation were not analysed, the 
quantity at our disposal being too small for any satisfactory 
examination. 

Systematic ■ experiments ' by . one of us (J. H. S.) were carried 
out at the London Hospital on the action of radium and X-rays 
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on various samples of fluorspar. The notes made at the time are 
her© recorded. 

(A) ''Blue- John/': Experiments with- Radium. 

(1) Two pieces of handed fluorspar (“Blue John”) were exposed 
to radium, contact being made with a plate 2*5 cm. square con¬ 
taining 30 milligrams of radium, salt under a varnish. 

As a result of this exposure, both piece® of spar changed colour, 
the white parts becoming bright blue and the blue becoming 
darker. In ten days these changes were well marked. 

(2) Pieces of “'Blue John,” “Green John,” and white fluorspar 
were similarly exposed. In three days, a bright blue change was 
noticed in the white fluorspar, the “Green John” was slightly 
darker, and the “Blue John” much darker. 

(3) Portions of “Blue John” were heated in glass tubes, and 
thereby decolorised. These decolorised specimens were then ex¬ 
posed to radium and to X-rays. The specimen exposed to radium 
for fourteen days became a light blue. The specimen exposed to 
X-rays for about twenty-four hours continuously became dark 
purple. 

(4) A small portion of “ Blue John,” banded, was exposed for 
six hours to X-rays, and turned almost a dark violet colour. 

The “Green John” exposed for fourteen days was distinctly 
darker in colour. 


(B) Experiments with X.-Rays. 

(1) Half an hour’s exposure at 7*5 cm. produced on: 

“ Blue John,” slight deepening. 

“Green John,” no change. 

Fuorspar, change to violet shade. 

The fluorspar, on being replaced in a drawer, returned to almost 
normal colour. 

(2) Half an hour’s exposure at 7-5 cm. produced on: 

“Blue John,” slight deepening. 

“Green John,” no change. 

Fluorspar, change to violet shade. 

The fluorspar returned to almost normal colour. 

(3) Forty-five minutes’ exposure at 7‘5 cm. produced on: 

“ Blue John,” more marked change. 

.. “Green John,” no change. ■ ■ 

Fluorspar, more marked ■ change,' 
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The fluorspar almost recovered. 

(4) Ten minutes’ exposure at 7*5 cm. produced on: 

Fluorspar, light violet colour. 

No other change perceptible. 

( 5 ) Half an hour’s exposure at 7*5 cm. produced on: 

“Green John,” fluorescence. 

Fluorspar, change as before. 

The “Green John,”• after being carried into a dark room, still 
fluoresced for about three or four minutes. 

Fluorspar in a glass tube also fluoresced, but very slightly. 

(6) Ten minutes’ exposure at 7 - 5 cm. produced on: 

“ Green John,” slight fluorescence (both). 

• Material after resting for fourteen days: 

Fluorspar was pink with one mauve spot. 

“Blue John” was darker than when experiments started. 

“ Green John ” did not appear to have changed at all. 

The fluorspar in glass was darker than at first. 

None of the specimens exposed to X-rays made any change In 
photographic plates, even after prolonged exposure. 

Even after colour changes had been produced by exposures to 
X-rays and radium, there was no evidence of radioactivity, as 
shown by exposure of a photographic plate. 

From these experiments, it appears that there is no substantial 
difference between white fluorspar and “'Blue John,” except in 
respect of the small amount of organic matter which gives the 
colour of “Blue John.” 

The same seems to hold for “Green John” and for the 
amethystine varieties. It appears that the colouring matter is, 
after all, organic. The influence of X-rays and of radium on 
natural fluorspar appears similar to that on glass. The cansa 
eausans is unknown. 

From a series of experiments which have now . lasted more than 
two years, there is no reason to suppose that what in the earlier 
trials seemed to be a reasonable hypothesis, namely, that the colour 
of “Blue John” and other varieties of coloured fluorspar owes its 
origin to radioactive effect, has no foundation. 

70, Yoke Street, 

Westminster, S.W. 1. 


{Received, April 7 th, 1019.] 
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LIX.— Studies in Catalysis. Part XI. The Le 
Chatelier -Braun Principle from the Point of 
View of the Radiation Hypothesis. 

By William Cudmoee McCullage Lewis. 

The object, of this note is to point out that the quantimi-radiation 
view of chemical reactivity is in agreement with the thermodynamic 
principle of Le Chatelier and Braun as applied to tile effect 
of temperature on the equilibrium constant of a reversible reaction. 
Consider the reversible reaction: 


reactant ^ resultant. 


Let us suppose that the reaction from left to right is endothermic. 
Then, in. accordance with the principle of mobile equilibrium, an 
increase in temperature will favour the resultants. 

From the point of view of radiation, the fact that the above 
process is endothermic means that the critical increment of the 
resultant is less than that of the reactant. This follows from the 
quantum-heat expression : 

heat evolved = critical increment of resultant minus 

critical increment of reactant, 
or heat evolved-- if/< (v 2 — v*), where if is the Avogadro number 
and h is Planck’s constant. In the case considered, it follows that 
the critical frequency v 3 of the resultant is less than the critical 
frequency v x of the reactant. 

Let us consider the above equilibrium at two different tempera¬ 
tures, T ± and f/b, where T 1 is less than TV For the short infra¬ 
red region (which has already been shown to be of significance for 
reactions which proceed with measurable velocity at the ordinary 
temperature), as well as for the visible and ultra-violet regions, 
the radiation density corresponding with the frequency v 2 at r l\ is 

SWr., 


and at 7b the density is 


Svhv^n 6 




where c is the velocity of light in a vacuum. 

Ii T x and f J\ are not very far apart, and especially if the react- 
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mg system is gaseous, the refractive index term n -will be practic¬ 
ally the same at both temperatures. 

The fractional increase in the radiation density, due to the rise 
in the temperature from T x to T 2 the frequency v ls is given by 




•o 


which is equal to 



Similarly, for the fractional increase in the radiation density at 
the frequency v 2 we obtain 



Since by hypothesis v x is greater than v. 2) it follows from the above 
expressions that the fractional increase in the radiation density 
at the frequency v x is greater than that at the frequency v 2 . 
Hence at the higher temperature the radiation density of the type 
absorbable by the reactant (v x ) has increased relatively to that 
absorbable by the resultant (v 2 ). 

On the radiation hypothesis of chemical reactivity, it is assumed 
that the rate of decomposition is directly proportional to the radia¬ 
tion density. Tor both frequencies, the rise in temperature has 
caused an increase in the radiation density, but the increase is 
relatively greater for the higher frequency (vj) as compared with 
the lower frequency M* It follows, therefore, that at the higher 
temperature both the reactant and the resultant react or decom¬ 
pose more rapidly than they do at the lower temperature. This 
is in agreement with experiment. What is more important, how¬ 
ever, is that the reactant decomposes at a relatively faster rate 
than the resultant, because the radiation density of the reactant 
is relatively increased with respect to that of the resultant. Hence 
as the temperature is raised, the existence of the resultant, in the 
above case, is favoured more than that of the reactant, and the 
equilibrium position shifts .over towards the right. Had the reac¬ 
tion been exothermic, the relative positions of v x and v 2 would have 
>i>een reversed, with the result that the equilibrium concentration 
of the reactant would have increased relatively to that of the 
resultant. 

These conclusions are identical with those which are arrived at 
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on the basis of the principle of Le Chatelier and Braun. The 
radiation hypothesis is therefore in complete agreement with the 
thermodynamic generalisation; and, in fact, the conclusion regard¬ 
ing the direction of the change in the equilibrium position with 
temperature could be inferred on the radiation basis alone, with¬ 
out any direct appeal t-o thermodynamics. 

Muspratt Laboratory of Physical- and Electro-chemistry, 

* University of Liverpool. 

[Received, May 29 th, 1919.] 
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LX.— Cryptopine. Part II, 


By William Henry Perkin, jun. 


The present investigation was originally undertaken with the 
object of clearing up some points, difficult of explanation, which 
had arisen during the course of the experiments described in 
Part I of this research.* Gradually the scope of the inquiry has 
widened, and many developments are included in this communica¬ 
tion which were at first not contemplated. Broadly speaking, the 
basis of the new material is the series of changes represented by 
the conversion of cryptopine (I) into isocryptopine, chloride (II), 
and the formation of anhydrocryptopine (III) from the latter by 
the elimination of hydrogen chloride (833, 850).f 


f /N '|0 >CH !S 

/\/ 

9 H2 fcn 2 

OO Nile 

£S(Y 

A/ V 'CH./ 

(I.) 


| /X t°>CH. 


A> 

ll“ ^ 

C-NMeCl 

MeO/A/ 1 




CH 3 

x ch/ 

(II.) 



(HI.) 


It was shown in the earlier research (852) that the properties 
of anhydrocryptopine are in many respects quite unusual, and one 
of the points most difficult of explanation is the behaviour of 
anhydrocryptopine methosulphate (or the corresponding mefcho- 
■ chloride) towards hydrolytic agents. Normally, the hydrolytic 

/ - *; “ Cryptopine and Frotopine,” Part I., T., 1916,109, 815—-1028. ■ . 
f The numbers in brackets—-thus (838)—refer to the page in I*art I. 

YQh. : CXY* : ■ I . e E 
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decomposition of a methosulphate results in the formation of a 
new base containing a methyl group more than the original base 
contained. Thus cryptopine methosulphate is decomposed on 
hydrolysis with the formation of methylcryptopine (847). 


c dY 

,2 OH. 


\/ 

> 


CO SMe<^ 0( 


OH. 

i 


oh 2 
oh/ 


\/ 

A 


2 OH. 


CO NMe„ 


ch:ch 2 


The methosulphate of anhydrocryptopine does not behave in 
this way (852), but is hydrolysed by methyl-alcoholic potassium 
hydroxide with elimination of the added methyl group and 
regeneration of anhydrocryptopine. 


/\/ 

OH, 




/\ 


ch:ch 0 


/\/ 

CH ' 

ll ^ 

U-NMe 


\/ 

I 

/\cn:cm 


A case of this kind does not appear to have been previously 
recorded, and although an attempt was made (854; T., 1918, 113, 
735) to find some explanation for this curious removal of a methyl 
group from nitrogen, it is still not clear why the iF-methyldiliydro- 
isoquinoline ring characteristic of anhydrocryptopine should exhibit 
this unusual behaviour. Recently (T., 1918, 113, 735), a welcome 
confirmation of the curious change just mentioned has been forth¬ 
coming, since it has been found possible to prepare from berberine 
the derivative—anhydromethylberberine-—which corresponds ex¬ 
actly with anhydrocryptopine. 

This substance also combines readily with methyl sulphate to 
yield the corresponding methosulphate, which, when boiled with 
methyl-alcoholic potassium hydroxide, is decomposed in exactly the 
same maimer as anhydrocryptopine methosulphate, with regenera¬ 
tion of anhydromethylberherine. 

Not only do alkali hydroxides cause the elimination of a 
A-m ethyl group from anhydrocryptopine methosulphate, but ex¬ 
periment has shown that a process of the same kind occurs even 
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more readily when, acid reagents are employed. Thus anhydro- 
cryptopine methosulphate is rapidly changed by boiling with con¬ 
centrated hydrochloric acid, and ^-cryptopine chloride is produced, 
a decomposition which appears to be correctly represented by the 
scheme (855): 


\/ 


/\/ 

!H 

O— 


AXeSO. 


CH > 

II V 2 

C—jSfMeCl ■ 


\ch:ch 9 


/^CHM© 


An exactly analogous change is observed when anhydromethyl- 
berberine methosulphate is digested with concentrated hydrochloric 
acid, ^-methylberberinium chloride being obtained (T., 1919, 113, 
735). 

In the present communication (p. 767), it is shown that concen¬ 
trated mineral acid need not he employed in order to bring about 
the elimination of the 2V-methyl group, since ^-cryptopine chloride 
is readily obtained when anhydrocryptopine methosulphate is 
heated on the steam-bath with dilute hydrochloric acid, and 
^-cryptopine Hydrogen sulphate, C 21 H 22 0 4 lSr'HSG 4 , results, in a 
similar manner, from the action of dilute sulphuric acid on the 
methosulphate. 

The remarkable' changes associated with the action of hydrolytic 
agents on anhydrocryptopine methosulphate suggested the desira¬ 
bility* of making a further study of the behaviour of this substance 
towards other reagents. Experiments on the oxidation of the 
methosulphate did not lead to useful results, but the corresponding 
methochloride is oxidised by permanganate, without elimination of 
an A-methyl group and with the formation of a base, C 22 H 25 O 0 N 
(m, p. 188°), which appears to he produced according to the 
scheme: 



OH'OH 


GO 

\/ 

/'\oh:ch. 


iSfMe, 


E E 2 
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and has been named dioxymethylisoanhydrodihydrocryptopine 
(p. 738). 

Of much greater interest- is the behaviour of anhydrocryptopin© 
methosulphate when subjected to the action of reducing agents, 
and it was the results obtained during the study of these remark¬ 
able changes which led to the extension of the subject so as to 
include the action of reducing agents on other derivatives of crypto¬ 
pine. In order that this complex study may be made as clear 
and concise as possible, the* subject has been divided into sections, 
and the sectional numbers in this summary correspond with the 
numbers of the sections in the experimental part. 

Section I (a). The Reduction of Anhydrocryptopine Metho- 
sulphate by Sodium Amalgam in Alkaline Solution (p. 740).— 
When sodium amalgam is added to the aqueous solution of 
anhydrocryptopine methosulphate, a base, C 22 H 25 0 4 N— dihydro- 
a/nhydromethylcryptopme —gradually separates, which has not been 
obtained crystalline, but yields a crystalline methosulphate, 
C 22 H 25 0 4 N,Me 2 S0 4 , 

and methiodide, Mel. It is clear, therefore, that 

elimination of a methyl group had not taken place during reduc¬ 
tion under these conditions. 

On oxidation in acetone solution with permanganate, the new 
base yields 5:6-methylenedioxy-o-tolualdehyde (907) and 6:6- 
methylenedioxy-o-toluic acid (916), 

and C0 2 H^ / jo^ >CH 2 * 

Me Me 

It is clear, therefore, that its formation from anhydrocryptopin© 
methosulphate is probably represented thus: 


ohV 

I! , 2 

C-NMft/MeSG, 




/\/ 
CH Me 

II 

ONMe, 


Y 

x ch:ch 2 /\oh:ch 2 

D ihydroaahydromethylcrypfcopine. 

a view which has received support from the detailed investigation 
of the base. It has already been stated that the base yields a 
crystalline methosulphate, and this is readily decomposed by boil- 
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ing with, methyl-alcoholic potassium hydroxide, with elimination 
of trimethylamine and formation of a new 7 substance, C 20 H 20 O 5 : 


I 

Y\ 

CH Me 


Y 


■ ONMe,-OH 


Yjh:ch« 



CM Me 

il 

C*OH +NMe 3 . 


V 

Y\ch:ch 2 

Hydroxycryptopidene. 


Hydroxycryptopidene* melts at 88—90°, and yields, on oxidation 
with permanganate, 5 :6-methylenedioxy-o-toluic acid, 
CH 2 :0 2 iC 6 H 2 Me-C0 2 H 

(916), and 4 :5-dimethoxy-2-vinylbenzaldehyde, 


(MeO) 2 C 6 H 2 (CHO)-CH:CH 2 


(904), the former containing the upper and the latter 
portion of the molecule. 

A/ 

Ay 

CM Me 

/ Me 

1! 

C0 2 H 

U-OH 


Y " 

v y OHO 

y 

YYcH.;CH 2 

1 

YYch:ch 2 


This fission clearly demonstrates the constitution of the substance, 
C 2[) H 20 O 5 , and indirectly that also of dihydroanhydromethyl- 
cryptopine, 

Hydroxycryptopidene is isomeric and closely allied with a-iso- 
cryptopidol (m. p. 92°; 843), which results in a similar manner 
from methybsoanhydrodihydrocryptopine methosulphate by the 


elimination of trimethylamine: 


A/ 

CH CH, 

11 1 

CH —> 

A/ 

r a 

CH OH 

Y 

Y 

A\ch:ch 2 

A\ch:ch 0 


. ' a-'isoCryptopidol. . 


* Compare (928) for a description of-the parent substance eryptopidene. 
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Hydroxy cryptopidene does not yield an acetyl derivative, but is 
converted by tire action of acetyl chloride into a polymeric modifi¬ 
cation, (C 2 0 H 20 O 5 ) ft , which melts at about 200°, and corresponds 
closely in properties and composition with the ^-modification of 
ijocryptopidol (843). 

Section /(b). The Reduction of A nhydrocryptopine Mctho - 
sulphate by Sodium Amalgam in Add Solution (p. 743).—-When 
anhydrocryptopine methosulphate is reduced by sodium amalgam, 
in the presence of a large excess of hydrochloric acid, disruption 
of the central ring takes place in a manner similar to that described 
in Section I (a), but with the addition of four atoms of hydrogen 
and again without the elimination of a methyl group. The pro¬ 
duct is a base, Co^H^C^N— -tetrahydroamhydromethylcryptopinc — 
and its properties are in harmony with its formation, according to 
the scheme: 


n/ 


Y\/ : ■ 

CH > 

II V 2 

C-NMe 0 *MeSO, 


! 


CH 9 Me 


/\3h:ch, 


OH-NMeo 

Y ' 


This base has not been obtained crystalline, and is isomeric with 
anhydrotetrahydromethylcryptopine (898), which is crystalline 


/\/ 

Cff 2 Me 




^OH*MMe 3 *OH 


Y\ch:ch, 

Tetrahy'dro anhy dromethyl- 
eryptopino methohydroxide. 


/Y/ 

CH Me 

II 

CH 


z\/ 

CH Me 

II 

CH 


yX 

/ /■ x ch:ch 2 

/ Cryptopidene. 


+ N Me„ 4- H„() . 


/ X3H 2 -CH 2 -NM«yOH 

Anhy drotetrahy dr omethy I - 
cryptopine methohydroxide. 
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and melts at 107°. The close relationship between these bases is 
well brought out when their formulae are written side by side and 
by the fact that the methosulphates of both are decomposed by 
boiling with methyl-alcoholic potassium hydroxide, with elimina¬ 
tion of trimethylamine and separation of eryptopidene (m. p. 
123°; see above). 

A further stage in the reduction of the cryptopine molecule has 
been achieved by the preparation of dihydrocryptopidene , 
C 20 H 22 O 4 (m. p. 128°), and the reduction of eryptopidene to tetra- 
h y dr o cryptopide ne, C 20 H 24 O 4 : 


/Y/ 


YYY 

CH 2 Me 


CH 2 Me 

! 

ch 2 

and 

i 

ch 2 

Y 


Y 

YYch:ch 2 


YYch 2 *ch £ 


The first of these is obtained by a process described on p. 762, 
and the latter is produced when eryptopidene is reduced in boil¬ 
ing alcoholic solution with sodium. It is one of the most beautiful 
substances in the cryptopine series, melts at 78°, and crystallises 
in stout, colourless prisms (p. 745). 

Section 11 (p. 746). The Reduction of Cryptopine Methochloride 
in Alkaline Solution .—The conversion of cryptopine methosulphate 
into tetrahydromethylcryptopine by reduction in strongly acid 


YY/ 

“•Ah, 

! i 

UO NMe a *M>vS0 4 

\/ I 

I OH, 

/\oh/ 


Y\Y 

CEL Me 

I 

OH/OH 

f 

/ \0H 2 *CH,*NMe 2 


solution with sodium amalgam is described in Part I of this 
research (821 and 826), and the present object was to determine 
whether, during this process, the reduction of the keto-group pre¬ 
cedes the fission of the ring or vice versa. Since further experi¬ 
ments on the reduction of the methosulphate did not yield in¬ 
formation of value, the effect of reducing agents on the corre¬ 
sponding methochloride was investigated. The interesting fact was 
then observed that, whilst cryptopine methochloride, when reduced 
in alkaline solution with sodium amalgam, is converted in the 
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main into tetrahydromethylcryptopine, there is also formed in 
small quantity a new base, C 2;i H 27 0 3 N, which melts at 118—130°. 
and is obviously produced according to the scheme: 


CH 2 

GO NMe g Cl 

/ 1 
CH 2 

x cb/ 


/\/ 

CH 2 Me 

00 

Y 

YY0H 2 -CBo*^Me 2 

Dihydi'oinetliylciyptopine. 


that is to say, during its formation, the ten-membered ring has 
been ruptured before the reduction of the keto-group. 

The constitution assigned to dihydromethylcryptopme receives 
support from the fact that, when oxidised with permanganate, the 
base yields 5 : 6-methylenedioxy-o-tolualdehyde and 5 :6-methylene- 
dioxy-otoluic acid (compare p. 747). The isolation of this base 
would seem to indicate that the first action of the alkaline reducing 
agent on cryptopine methochloride is fission of the ten-membered 
ring, but that most of the dihydromethylcryptopine, thus pro¬ 
duced, suffers further reduction before it can be removed from 
the sphere of action of the excess of the reducing agent. 


Section III. 

The Reduction of iso Crypto friric Chloride. 

In the cases discussed in Sections I and II, the groups of atoms 
taking part and suffering disruption as the result of reduction 
belong in I to a single dihydroisoqninoline nucleus, and in II to 
the ten-membered group characteristic of cryptopine : 


/\/ 

/\/ 

OH ' 

j| vttij 

? Hs CH S 

C—iSlMe 

1 i 2 

00 Me,XI 


V i 


1 ch 2 

gb:ohJ 

/'W 

(i.) 

(II.) 


It was next desired to investigate what the effect of reduction 
might be in the case of a substance containing a partly reduced 
double tsoquinoline ring, and ^ocryptopine chloride (833) was 
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Y\Y 

i H Y 

C-NMeCl 


<h 

/\oh/ 


selected for this purpose. The effect of reduction was again 
studied (a) in alkaline and (&) in acid solution. 

Section III (a). The Reduction of iso Cryptopine Chloride in 
Alkaline Solution (p. 748).—Since «socryptopine chloride is very 
sparingly soluble in cold water, the reduction with sodium amalgam 
could only be carried out effectively on the steam-bath, and, under 
these conditions, a resinous base separates, and the liquid, on cool¬ 
ing, becomes filled with a voluminous mass of needles of a 
quaternary salt. This salt, which is produced in considerable 
quantity, was readily identified as isodihydrocryptopine 0-chloride, 
since, on boiling with methyl-alcoholic potassium hydroxide, it 
yielded anhydrodihydrocryptopine (A) (938): 


? H * OH 2 
CH—NMeCl 

Y Y 

YY CH Y 


/\/ 


CH NMe 

Y Y 

/\oh/ 


One of the main directions in which sbocryptopine chloride 
suffers reduction is therefore simply by the addition of hydrogen 
to the double linking without disruption of either ring. The 
resinous base may be separated, by fractional crystallisation, into 
two new substances, namely, a very sparingly soluble base, 
C. 2 i’H 23 0 4 N, melting at 195°, which is present in very small 
quantity, and considerable quantities of a readily soluble base, 
t\ u Hor ) 0 4 N, which melts at' 138°. The base, C 21 H 2 .,0 4 N, yields, on 
oxidation, 5:6-methylenedioxy-o-toluic acid (916), and apparently 


Ye>oH, 

/\/ 

/ Me 

co 2 h 


and 


CO 

Meo/Y/YNMe 

Me °Y\/CH 2 

OH., 


E E? 
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also l-keto-6 :7-dimethoxy-2-methyltetrahydroMoquinoline (Pyman, 
T., 1909, 95, 1268), and must therefore have the constitution 


A 


y\/ 

CH Me 

II 

C—~NMe 

Y k 

Dihydroanhydroisocryptopine. 


This has© is therefore produced from isocryptopine chloride by 
the rupture of the upper dihydroisoquinoline ring without reduc¬ 
tion of the double linking. 

The readily soluble base, C^H^C^N, melting at 138°, yields 
5:6-methylenedioxy-o-tolualdehyde (and acid), as well as 1-keto- 
6:7“dimethoxy-2-methyltetrahydroisoquinoline, on oxidation with 
permanganate, and must therefore be the dihydro-derivative of 
the base just described (m. p. 195°) and have the constitution 



C3EL Me 

I 

CH—NMe 

I 

CH 2 

Tetrahydroahhy droiaocryp fc opine. 

It yields very characteristic salts and other derivatives, of which 
the methosulphate, C 21 H 25 0 4 N,Me 2 S0 4 (m. p. 160°), and meth- 
iadide , C 21 H 2 50 4 N,MeI (m. p. 263°), crystallise particularly well. 
When boiled with methyl-alcoholic potassium hydroxide, the 
methosulphate is readily decomposed, with the formation of 
anhydrotetrahydromethylcryptopine, a base which had previously 


Y 

/\ch/ 
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been obtained, in the foran of its hydrochloride, from tetrahydro- 
m ethyl cryptopine by the action of phosphoryl chloride (899). 

Section 111 (b). The Reduction of isoCryptopine Chloride in 
■ Acid Solution (p. 749).—Reduction takes place readily when the 
hot solution of isocryptopine chloride in a mixture of dilute acetic 
and hydrochloric acids is treated, with a large excess of sodium 
amalgam, and leads to the formation of two bases, C 21 H 25 0 4 1S T , 
melting at 138° and 164° respectively, as well as of considerable 
quantities of isodihydrocryptopine ^-chloride. 

The base melting at 138° is 1 tetrahydroanhydroisocryptopine, 
identical with that isolated from the product of the alkaline reduc¬ 
tion of isocryptopine chloride. The second base, melting at 164°, 
which does not appear to he one of the products of the alkaline 
reduction, is diliydroanhydrodHiydrocryptopine {A), and, in its 
formation, not only has the ethenoid linking in isocryptopine been 
reduced, but the double isoquinoline ring has also suffered disrup¬ 
tion in a very remarkable manner, with the formation of a fully 
saturated ten-ring system. 



This base is remarkably stable to permanganate, and does not 
yield 5: 6 -methylenedioxy~ 0 -toluic acid on oxidation, showing that 
reduction has not resulted in the formation of the,, group 

ch 2 :o 2 :c 6 h 2 Mo-ch: ( P . 7i6). 

The definite proof of its constitution was obtained as the result 
of the observation that the base in question is readily produced 
when anhydrodihydrocryptopine (d) (938) is reduced by sodium 
amalgam in acid solution. 
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Tlie curious formation of dihydroanhydrodihydrocryptopiue (/I ) 
from isocryptopine chloride 'by reduction is dependent in some way 
on the presence of the ethenoid linking in one of the reduced 
isoqumoline rings, a condition which apparently causes strain, and 
consequent instability. That this is so is indicated by the fact 
that, when this ethenoid linking is not present, scission does not 
appear to take place. Thus, for example, all attempts to reduce 
tetrahydroberberine methochloride, which contains the grouping 


/\/ 

OH 2 ' 

i ? 8 

CH—JSMeCl 


\/ I 


I oh 2 

have been unsuccessful. 

Dihydroanhydroclihydrocryptopiue (d) yields a methosulphate, 
C 21 H 25 0 4 ]Sr,Me< i S0 4 , which, on hydrolysis with methyl-alcoholic 
potassium hydroxide, is converted into (Mhydroisoanhydrodihydro- 
methylcryptopine, CggH^O^N (945), a beautiful substance melting 
at 77°, the crystals of which have been measured (p. 757). 


OH, 


* OH, 


\/ 


OH 2 NMe 2 -OH 


./'V 

0 Hg 

f V 2 

0H„ NMe, 


OH, 




\/ 

/^CHlOHa 


Finally, the methosulphate of this base, C 22 H 27 0 4 N,M e 2 S0 4 , is 
decomposed by boiling with methyl-alcoholic potassium hydroxide, 
with the separation of dilbydro-a-isocryptapidol, 


/\/ 


OH, 


2 CH„*OH 


\/ 


CH„ 


/ /n \ch:ch 2 

a rather indefinitely crystalline substance which is clearly the 
dihydro-der ivative of a-isocryptopidol (948). 
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Section, Ill (e). Dihydi'oanhydrotetraliydrwuethylcry-pt&jrinv, 
(p. 759).—This substance is produced from the methosulphate 
either of tetrahydroanliydrm'socryptopine (I, m. p. 138°, p. 722) 
or of dihydroanhydrodihydrocryptopine (J.) (II, m. p. 164°, 
p. 723) by reduction in alkaline solution with sodium amalgam: 



I 

/\/ 

^ CH 2 
OH, NMe -OH 

Y ch 2 

/\ch/ 

(n.) 


CH 2 Me 
OH. 

Y ' 

Dihychoanhydrotetrahy cko ■ 
methylcryptopine. 


The other cases of ring-fission during reduction, described in this 
communication, occur in systems in which the ring in question is 
unsaturated, and it is pointed out on p. 724 that attempts to 
reduce the completely saturated system, 




ch 2 ch„ 

[ [ 

OH—NMeCl 

\/ i 

i ?h 3 

/Noel/ 


contained in tetrah ydroberberine methochloride, have not been 
successful. ' 

It is therefore remarkable that th© removal of a bridge in this 
complex in the two directions shown in formulae I and II should 
so weaken the structure as to make it susceptible to reduction. It 
is, of course, possible that the accumulation of methyl groups on 
the nitrogen atom may tend to weaken the structure, and a good 
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deal of evidence is to be found in this communication in favour 
of that .view,. ■ 

Dihydroanhydrotetrahydromethylcryjftapine melts at 63°, and is 
characterised by yielding a very sparingly soluble hydrochloride. 
The methosulphate^Cfri H 2 90 4 N,Me 2 S 0 4> is decomposed by boiling 
with methyl-alcoholic potassium hydroxide, with elimination of 


trimethylamine and formation of dihydracryptopidene. 

A\A 

A/ 

CH, Me 

CH. Me 

i 

1 

CHo — >- 

OH. 

Y ' ' 

y ‘ 

YYcH 2 *CH. 2 *NMe 3 *OH 

' / ' n -ch:ch 2 

This new derivative of cryptopidene (926) crystallises splendidly, 
melts at 126—128°, and yields the following interesting substances 

on oxidation with permanganate: 


A/ 

A/ 

CO Me 

CH., Me 

* | * 

| 

OH„ and 

1 

CH, 

y 

Y 

YAch:ch 2 

Y\co 2 h 


Ketodihydrocryptopidene. Dihydrocryptopidenie acid. 


Ketodihydrocn/ptopidene melts at 116° and yields a semicarbazone, 
C 21 H 23 Q 5 N 3 , melting at 190°. Dihydrocry ptopidenic acid is a very 
sparingly soluble, crystalline acid (m. p. 194—195°), the anilide 
of which, C 18 H 19 0pC0*NH*0 6 H 5 , crystallises in needles and melts 
at 185°. 

The degradation of cryptopine to this acid is particularly 
interesting, and it is unfortunate that the small amount of material 
available did not allow of its detailed investigation. 

Section IV. 

The Reduction of rp-CryptopineGhloride. 

The conversion of anhydroeryptopine methosulphate into 
^-cryptopine chloride is mentioned on p. 715 (compare 855 and 
984), and the similarity in constitution between this substance and 
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wo cryptopine chloride is obvious when their formulae are com¬ 
pared : 


A 


/\/ 

OH ' 

II , 2 

0-NMeCl 


OH X- 


OH, 

i 2 

-NMeCl 


X 


CH 9 

isoCryptopine chloride. 


^-Cryptopine chloride. 


The essential difference between these formulas is the fact that, 
whereas in fso cryptopine chloride the central portion consists of 
two reduced iso quinoline rings fused together, the molecule of 
^-cryptopine chloride contains only one such ring. When the 
bridge across the molecule is removed by reduction, the result in 
the case of isocryptopine chloride is the formation of a ten- 
membered ring (p. 723), whereas if a similar change is assumed 
to take place in the molecule of ^-cryptopine chloride, reduction 
should lead to the formation of a nine-membered ring system, of 
which, so far, few examples have been described. 

Since the investigation of this matter seemed to offer attractive 
possibilities, the problem has been carefully studied, and it may be 
said at once that the comparatively slight difference in constitution 
which ^-cryptopine chloride exhibits in comparison with fsocrypto- 
pine chloride is sufficient to give rise to wide differences in 
behaviour when the two substances are reduced under similar 
conditions. 

Section IV (a). The Reduction of ^/-Cryptopine Chloride in 
Alkaline Solution (p. 769).—^-Cryptopine chloride, C 21 H 22 0 4 jSiCl, 
is readily reduced in slightly alkaline aqueous solution by sodium 
amalgam at the temperature of the steam-bath, and a base, 
C 21 H 23 0 4 N, separates, which crystallises from methyl alcohol in 
stout prisms and melts at 112°.* 

This base is produced by the addition of two atoms of hydrogen 
to ^-cryptopine chloride and elimination of hydrogen chloride, a 

* In the reduction, of -isocryptopme chloride, much fsodihydrocryptopine 
,,8-chloride is always obtained by the direct reduction of the ethenoid linking 
(p. 721), but the corresponding isodihydro-i-cryptopine chloride does not 
appear to be one of the products of the reduction of ^-cryptopine chloride 
Still more striking is the observation that, whereas during the reduction of 
woeryptopine chloride, the base formed in much the larger quantity is tetra- 
hydroanhyaroisocryptopine, C. n H 25 0 4 3$r, in the case of ^-cryptopine chloride 
the reduction does not appear to proceed beyond the formation of the base 
C 2I H B 0 4 :NT (m. p. 112°). 
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process wliich might take place in two different directions, loading 
to the formulae 


A./ 

CH Me 

I 

0-Me 

Y Y 

/\)h-ch 3 

(L) 


and 


/\/ 

CH 

ii V H;! 

CH N Me 

Y, 

(II.) 


Judging from the course the reduction takes in the analogous 
case of wcryptopine chloride, the new base should correspond in 
constitution with dihydroanhydrots'ocryptopine (m. p. 195°, p. 
722), that is to say, it should have the constitution represented 
by the partial formula I. 

The investigation of the base has, however, shown that this is 
not the case. It does not, for example, yield 5 ; 6-methyleiiedioxy- 
o-toluic acid, CH 2 i0 2 iC 6 H 2 Me , C0 3 H (p. 721), on oxidation with 
permanganate, and it can therefore scarcely contain the grouping, 
CH 2 ‘.0 2 :C 6 H 2 Me*CHI, which is present in I. The .alternative is 
that', its constitution is that represented by formula II, and for this 
reason the base, C 21 H 23 0 4 N, melting at 112°, has been named 
^p^nhfdrodihydrocry^tojjinc (.4.) to indicate its relationship to 
anhydrodihydrocryptopine (*4) (841). This base combines readily 
with methyl sulphate, and both the methosulphate, 
C 21 H 23 6 4 N,Me 2 S0 4! 

and the corresponding methiodide, C 21 H 23 0. 1 N,MeI, are beautifully 
crystalline substances characterised by yielding highly coloured 
products on decomposition with methyl-alcoholic potassium hydr¬ 
oxide, which are obviously of complex nature and have not been 
further investigated. 

When, however, the alkaline solution of the methosulphate is 
reduced by sodium amalgam, a remarkable change takes place, and 
a neutral substance, G, a H 20 O 4 , separates: * 


^aoHao0 4 NMe 2 «OH + 2H - O, t ,H 20 O 4 + NIIMe, + H.,0. 

It is probable that this curious decomposition takes place in the 
following direction : 




'WEMe- 


ch 2 


/ Me 

\ / 

x CHMe 

y-Cryptopidene. 
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and, since the. new substance, which crystallises beautifully and 
melts at 144°, is isomeric with cryptopidene (926; compare p. 772), 
it. lias been named xp-cryptopidene. 

An attempt was made to establish the constitution of the sub¬ 
stance by studying its behaviour on oxidation with permanganate, 
but with partial success only. One of the substances produced is 
5: 6 -methylenedioxy-o-toluic acid, the formation of which is in 
harmony with the suggested constitution. The principal products 
of oxidation are, however, dioxy-xp-cryptopidene , C 2 £) H 18 0 6 (m. p. 
138—140°), and trioxy-xp-cryptopidenc, C 20 H 18 O 7 (m. p. 165°). 
Both these substances exhibit a reaction reminiscent of the benzil 
reaction, that is to say, on boiling with methyl-alcoholic potassium 
hydroxide* they, dissolve to brown solutions which, in contact with 
air, become pink and gradually fade; the addition of hydrochloric 
acid then causes the precipitation of crystalline acids. Dioxy-xp- 
cryptopidene yields a semicarbasone, C 2 iH 21 0 6 N 3 , and trioxy- 
cryptopidene a disemicarbazone, C 22 H 240 7 hr G , so that if the formula 
assigned to ^-cryptopidene is correct, it is probable that these 
oxidation products may have the partial formulse 


X/ C0-0(0H)-I x/ , 

| : // / ' Me and 

Bioxy-j|/-cryptopidene. 


\/ 


co-co- 


Me 


/^COMe 

Trioxy-i^-cryptopidene. 


Section IV (b). The Reduction of ip-Cryptopine Chloride in 
Acid Solution (p. 774).-—It has just been explained that the metho- 
sulphate of ^-anhydrodihydro cryptopine (A) undergoes a curious 
decomposition when it is reduced in alkaline solution, with loss of 
the nitrogen atom as dimethylamine and formation of a neutral 
substance, 020112004 (^-cryptopidene). 

It is perhaps still more remarkable that ^-cryptopine chloride 
itself should, on reduction in acid solution with sodium amalgam, 
undergo a partial change in a similar direction, with elimination 
of the nitrogen atom, evidently as methylamine, and separation 
of a beautifully crystalline substance, C 2 a H 20 Q. ( , which is isomeric 
with ^-cryptopidene (m. p. 144°), melts at 152°, and has been 
named im-xp-crypiopidene. Since the melting points of the two 
substances do not greatly differ, it was at first thought that iso-ip- 
cryptopidene might possibly be ^-cryptopidene in a very pure con¬ 
dition; but this is not the . case, because, the mixture of the two 
substances melts at about 130°- On oxidation with permanganate, 
iso-^-cryptopidene yields considerable quantities of 5 : 6 -met-hylene- 
dioxy-o-tolualdehyde (m. p. 72—74°), as well as of the correspond¬ 
ing acid (tu. p. 216°; ; compare -p, 777), and also a substance**, 
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C 20 H 20 O rj ( ketodihydroiso-ip-ayptopidem), which melts at 135° and 
yields a scnucarbasons, C 2 iH 23 0 5 N 3 . 

The isomerism of ^-crypfcopiden© and ^so-^-cryptopidene is 
difficult to understand, but, as both yield 5 : 6 -methylenedioxy-o- 
toluic acid on oxidation, it is suggested that the relationship may 
be that indicated by the formulae 


/\/ 

'0\ Me 

II \ 

CH \ 

\/ / 

'\ / 

CHMe 

v|/-Cryptopidene. 


A 


and it is probable that 
grouping: 


and 


/\/ 

OH Me 


V 

/V 

CHMe 
iso -\p- Cryptopidene. 


ketodihydrou’O-^-cryptopidene contains the 



CO Me 



The main product of the reduction of ^-cryptopine chloride, in 
acid solution, is a base, C^HggC^N, which is amorphous, but yields 
a crystalline picrate. Since this base gives 5: 6 -met-hyIenedioxy- 
o-toluic acid on oxidation with permanganate, it is obvious that 
its constitution must be represented by the partial formula I, and 
it has therefore been named d/ihydroanhydro-ip-cryptopine . The 
formation of this base is completely analogous to the conversion 
of wcryptopine chloride into tetrahydroanhydroisocryptopin© 
(m. p. 138°, p. 722), and the similarity in constitution is clearly 
exhibited when the partial formulae are compared: 



CH 2 Me 


/\/ 

Off- Me 


CH—NMe 

(/ 

x CHMe 

Dffiydr oarffiydro -ii/ -cryptopine. 


OH-NMe 

V I 

| CH, 

Tetrahydroanhydroisocxyptopine. 
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Median- 1V (e). The Reduction of xp-Methylberberinium Chloride 

(p- 778). .In a communication published a short time ago (T., 

1918, 113, 750), it was shown that anhydroberberine metho- 
sulphate is converted by the action of hydrochloric acid into a 
substance called ^-niethy Iberb erini uni chloride, which is the 
analogue in the berberine series of ^-cryptopine chloride. Since 
the latter substance exhibits the abnormal behaviour just described 
when reduced by sodium amalgam in acid solution, it was thought 
that it would be interesting to investigate the behaviour of 
xp -methylberberinium chloride in the same circumstances. The 
strongly acid solution of t/'-me thylb erh eri nium chloride was there¬ 
fore placed on sodium amalgam, when a neutral substance, 
C 20 H 20 O, t (iso -xp-herhcndene), separated, which melts at 117° and 
exhibits the closest resemblance to wo-i/'-cryptopidene. The main 
product of the reduction was, however, again a base, C 21 H 25 0 4 N 
(< dihydroanhydro-\p-methylberberine), which, although amorphous, 
yields a crystalline picrate and hydriodide, and obviously corre¬ 
sponds with the amorphous base—dihydroanhydro-i/'-cryptopine— 
produced during the reduction of ^-cryptopine chloride in acid 
solution. 


Section V . 


isori nhydrocryptopine . 


woAnhydrocryptopin© is obtained from anhydrocryptopine by 
boiling with dilute hydrochloric acid, thus converting it into the 
isomeric hydroxyfsoanhydrodihydrocryptopines, and then removing 
water from the latter by means of phosphoryl chloride (862). 


\/ 


OH, 

II ‘ . 

OH OH 


A 


CHn 


/ _ 

Anhyd rocryptopine. 


NMe 


CH, 


X 


/\ 

ce— c-oh! w 

I I “ 

-OH-NMe 



wo Anhydrocryptopine. 


Anhydrocryptopine and woanhydrocryptopine are obviously 
closely* related,, since, both contain an unsaturated dihydroiao- 
quinolin© ring methylated at the nitrogen atom. The behaviour 
of. this ring on reduction has been exhaustively studied in the case 
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of anhydrocryptopine methosulphate (p. 716), witli unexpected 
results, and it seemed possible that additional information of 
importance might be obtained if the behaviour of /soanhydro- 
cryptopine methosulphate were studied under similar conditions. 

To some extent, this expectation was realised, but, on the other 
hand, wide differences, difficult to understand, were found to occur 
when the behaviour of the products of reduction obtained in the 
parallel cases to the subsequent action of reducing agents was 
investigated. 

Section V (a). The Reduction of iso Anhydrocryptopine Metho¬ 
sulphate in Alkaline Solution (p. 782).—This methosulphate is 
readily reduced at the temperature of the steam-bath, when sodium 
amalgam acts on its aqueous solution, with the separation of a base, 
C 22 H 25 0 4 N, which has been named dihydrometliyliscanhydrocrypto- 
pine. The examination of this base and its derivatives leaves little 
doubt that its formation is correctly represented in the following 
manner: 


\A 


Ah—c VI 


oh. 


A“ 


-C-NMeo-OH 


isoAuhydrocryptopme 

methohydroxide. 


Y 

/ 


ch 8 

CH—C hie 


-C-'NMe, 


Dihy<hromefchyb"soanhydro - 
cryptopine. 


that is to say, it is formed by a process which is analogous to that 
which occurs when anhydrocryptopine methosulphate is reduced 
to dihydroanliydromethylcryptopine (p. 716). The new base melts 
at 122°, and is further characterised by the fact (i) that it exists 
in well-defined dimorphic modifications (AL) and (2?), and (ii) that, 
on boiling with dilute hydrochloric acid, it undergoes a curious 
intramolecular change and yields an isomeric base, Ch. 2 H 2; - ) Q. 1 N 
(if/-di h ydrom e t hylisoanhydro crypt opi ne), which melts at 140°. 


A, 


AA 


CH a 

. ' \/ 
CH™0 Me 


A/ 


ch 8 aaa 

! / Me 

CH—OOH 


A" 


-ONMe, 


OH 2 


A/ 

A- 

^-JJihydromefehyfeoafthydrocryptopine. 


r 

AA/ 

~G Me 

j 

-GH*h3Me» 


-CH-NMe* 
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This change is probably due to tbe addition and subsequent 
elimination of water, and it is suggested that the process takes 
place according to the scheme on p. 732. 

The occurrence of the grouping, *CMeIC<h receives support from 
the observation that ^-dihydromethyhsoanhydrocryptopine is 
oxidised with unusual difficulty and resists the action of reducing 
agents in a remarkable .degree (p, 788), 

The most extraordinary change observed both in the case of 
dihydromethyKsoanhydrocryptopine and its ijMsomeride is the 
behaviour of their methosulphates on reduction in alkaline solu¬ 
tion by sodium amalgam. 

In both cases, trimethylamine is eliminated with great ease, 
even at the ordinary temperature, and neutral substances, 
O 20 H 20 O 4 , are produced which are isomeric with and somewhat 
similar in properties to cryptopidene and the ^-cryptopidenes 
(compare pp. 718, 730). Under these condition#, the me tho~ 
sulphate of ^-dihydromethykboanhydrocryptopine (m. p. 140°) 
yields, so far as could be ascertained, a single substance-— 
isocryptopidene (A)—-melting at 167°, and there is reason to 
believe that this is formed according to the scheme : 


CEL 


1 


0=C Me 

Y 1 

J-CH*NMe s *OH 

<//-Dihydromethylwoanhydro- 
cryptopine methohydroxide. 


CH S | 

I /\/ 

C=C Me 


v 

I 

!_ 

/ 

—oh 2 


isoCryptopidene (A). 
(M. p. 167°.) 


Dibydromethyksoanhydrocryptopine methosulphate behaves in 
a different manner, yielding two substances, C 2Q B[ 2( ,0 4 , according to 
the conditions tinder which the reduction is carried out. If the 
aqueous solution of the methosulphate is reduced by sodium 
amalgam at 30°, decomposition takes place very gradually, and 
the neutral substance which separates melts at 167°, and is identical 
with the u*cK>ryptopidene (J.) obtained by the reduction of the 
methosulphate of the’ ^-isomeride. The boiling aqueous solution 
of the methosulphate of dihydromethylwoanhydrocryptopine is, 
however, very rapidly decomposed by crushed sodium amalgam, 
the neutral substance, produced melts at 108°, .and is 

therefore isomeric with imcryptopidene (A). It.has been named 
i s o cry pi ojndene (B ). 

vULan attempt is made to explain this puzzling state of things, it 



734 


PERKIN ! CRYPTOPINE. PART XL 


may be suggested tliafc the rapid formation of the substance melt¬ 
ing' at 108° is the direct process, 

CBg | OM 2 

<k- _ — 

Y » Y 

J-ONMvOH J- 


CH—C Me 


-OH 


Dihyclromethylwoanhydro- 
cryptopine methohydr oxi de. 


MoCryptopidene (B), 
(M. p. 108°.) 


and that during the slow process at 30° the prolonged action of the 
alkali causes addition and subsequent elimination of water in the 
direction which is assumed to take place during the conversion of 
diliydromethylisoanhydrocryptopine into its ^-isomeride (p. 732). 


CH, 


V 


GH- 


/ 


I 

A \/ 

~0 Me 

| 

—C*NMe,*OH 


Y/ 


OH, 


Me 


CHg | 

i YY/ 

0=—C Me 


-UH\NM'e 8 *OH 


-CH, 


Y 

/ 

isoCryptopidene (A). 

It is, however, obvious that the changes which take place during 
these eliminations of trimethylamine are most unusual, and ex¬ 
planations of the course which, these decompositions take must 
therefore be considered as merely provisional. Some confirmation 
of the constitution assigned to isocryptopidene (B) is to be found 
in its behaviour on oxidation, when it yields a new acid, Cb 0 H 20 O s 
(m. p. 227°), which has been named ketohydroxydihydrimocrypta- 
pidenic acid, and very probably has the constitution 
CH 3 | 

I YYY 

^C(OH)-CO Me 

1—co 2 h 

An acid of this constitution could scarcely result from the 
oxidation of wooryptopidene (A) if the formula assigned to this 
substance above is correct. 

One of the most remarkable decompositions which have been 


} 
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observed during tile course of this long investigation is the process 
of reduction by sodium amalgam, sometimes in alkaline and some¬ 
times in acid solution, which results in the elimination of the 
nitrogen atom and separation of a neutral substance, C' 2 0 H 2 qO 4 . 
This change has been observed in the following cases: 


/V 

"I 11 in. 


\/ 

A 


-NMeCl 


x ch-ch 3 

^-Cryptopine chloride and 
^•methylberberinium chloride. 

(I.) 


X 




/ 


0H2 

■CHMe-NMe 2 -MeSG 4 


t|/-Anhydrodihydrocryptopine (A) 
methosulphate. 

(H.) 


X 


CIL 

! 

CH- 


/\/ 

*0 Me 


-ONMe,*MeSO* 


Bihydromethylisoanhydro- 
cryptopine methosulphate. 
(III.) 


CH S 

I 

C=0 Me 

\/ 

I_ 

/ 

^-Dihydromethyl-isoanhydrO" 
cryptopine methosulphate. 
(IV.) 


-OH-' 


NMe 8 *MeS0 4 


and the nitrogen atom is eliminated as methylamine in (I) ? as 
dimethylamine in (II), and as trimethylamine in (III) and (IV). 
On the other hand, substances very similar in constitution to those 
figured above, such, for example, as 


l 


CH (Sjj 

II 

C-NMeOl 

\/ I 

CH 2 

x ch/, 

'isoCryptopine chloride. 


A 


OH 

II V s 

C-'NMe,-MeS0 4 


/^CHrOHa 

Anhydrocryptopine methosulphate. 


ch 3 

1 /\/ 

OH—C ‘ ’ 

y I 1 2 

J-—C—NMe,-MeS0 4 

/ 


iso Anhydrocryptopine methosulphate. 
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do not lose the nitrogen atom when subjected to the action of 
sodium amalgam under the same conditions. 

This matter is obviously very complex and difficult to under¬ 
stand, and, at the present stage, is seems impossible to form any 
idea as to the conditions which cause the nitrogen atom to be in 
so reactive a state that it is readily removed by the action of sodium 
amalgam, sometimes at the ordinary temperature. If opportunity 
occurs, it is proposed to study the mechanism of changes of this 
kind in the case of isoquinoline derivatives and other analogous 
substances of less complex structure than the substances discussed 
in the present, communication. 


Experimental. 

Preparation of A nhydrocrypt opine Methomlphate , 
C 21 H 21 0 4 N,Me 2 S0 4 . 

It has already been pointed out that the process previously given 
(978) for the preparation of this substance is unsatisfactory, and, 
as considerable quantities of this valuable material were required 
for the purpose of the present investigation, comparative experi¬ 
ments were instituted, and finally the following conditions were 
found to give a yield of more than 80 per cent, of that theoretically 
possible. 

The anhydrocryptopine employed was prepared from wcrypto- 
pine chloride substantially according to the method already 
described (975), but it is not necessary to- use more than 20 c.c. 
of 25 per cent, methyl-alcoholic potassium hydroxide for each 
10 grams of the chloride. The product was washed thoroughly at 
the pump, first with water, then several times with methyl alcohol, 
in which anhydrocryptopine is very sparingly soluble, and finally 
with water. The pale yellow product was left in contact with 
porous porcelain until air-dry, then dried at a temperature nob 
exceeding 80°* until no further loss in weight occurred; finally, 
it was powdered and passed through a very fine sieve. Prepared 
in this way, anhydrocryptopine is nearly pur© and melts at about, 
108—110° ; it contains, at the most, traces of inorganic matter and 
of wocryptopine chloride. 

In order to prepare the metliosulphate, anhydrocryptopine 
(10 grams) is shaken in a corked flask with: excess of freshly distilled 

* I£ the temperature is allowed to rise to 95—100°, the mass soon becomes 
brown and viscid and rapidly decomposes, a change which appears to be 
mainly the result of oxidation. For the successful preparation of the mctho- 
smuhafce, anhydrocryptopine must be quite dry. 
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methyl sulphate (10 c.e.), when a paste is formed and there is no 
apparent immediate action. On keeping, the paste rapidly 
thickens, and in two days will have set to a hard cake. After 
remaining' for four days, the flask is broken, and the cake crushed 
and washed at the pump with benzene, which removes the excess 
of methyl sulphate and colouring matter.* 

The dry, pale yellow residue is left on porous porcelain until the 
adherent benzene has evaporated; it then weighs 11 grams, and is 
dissolved in boiling methyl alcohol, from which the pure metho- 
sulphate separates, on slowly cooling, in brilliant sulphur-yellow 
prisms, and melts at 238—240°, as previously stated. The 
measurement of some fine crystals of anhydroeryptopine metho- 
sulphate was kindly undertaken by Miss M. Porter, with the 
following" result: 

The crystals are monoclinic with axial ratios a: b : c = l'504:1: 
(V931, j8 = 104°15 / , the forms observed being <x{100}, m{110), 
c(001), r{T01}, and e{102}. The habit is tabular parallel to 
c(OQl), and very much elongated along the 5-axis, as shown in 
Fig. 1. The form c(001} is the predominant terminating form; 
r{l0l} is well developed, and e{102}, when present, is very narrow. 
The crystals gave poor reflections; three were measured, and the 
results are placed in the table below. 


No. 

of i Azimuth (</>). 


Polar distance (p). 

Face, ihgs. Limits. 
a (100) 4 89°55’—90° 5' 

Gbs. 

Cate. 

Limits. 

Qbs. 

Calc. 

9o e r 

90°0' 

90° O'—90° O' 

90° O' 

90” O' 

m (110) 4 34 30 ■—34 42 

*34 34 

■ ' — 

90 0—90 0 

90 0 

90 0 

« (001) 3 87 25—90 35 

88 47 

90 0 

15 48—16 2 

*15 15 

— 

r (101) 3 87 45 —90 15 

89 33 

90 0 

19 53 —20 30 

*20 15 

— 

c (102) 1 — 

90 41 

90 0 

— ' 

30 30 

30 40 

Determinants: 010/001/100. Complex-symbol: 4h; - 

15/644/+2. 


Fig. 1. 



* A quicker process is to dissolve the cake in boiling methyl alcohol, from 
which the methosulphate separates, on cooling, in an. almost pure condition. 
The yield, however, is not so good as that obtained after extraction with 
benzene. This is probably due to the fact that the solution in boiling methyl 
alcohol, containing the excess of methyl sulphate, rapidly becomes very acid, 
and this causes some decomposition of the methosulphate. 
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The methyl-alcoholic mother liquors of the pure methosulphat© 
yielded, on concentrating, a further crop of less pur© methosulphat©, 
and, on concentrating further and leaving in the ice-chest, a mass 
of soft, yellow, nearly square plates separated, together with a 
few of the large prisms of the methosulphat©. The two sub¬ 
stances were easily separated by means of a sieve, and the second 
substance, after recrystallisation from water, proved to be anhydro¬ 
cryptopine methyl hydrogen sulphate : 

0-1181 gave 0-2471 C0 2 and 0*0582 H 2 Q. 0 = 57*2; H=5’5. 

C 21 IT,> 1 0 4 N,MeHS0 4 requires C = 57*0; H = 5*4 per cent. 

The most striking difference between the methosulphat© and 
this salt lies in the fact that, whereas the solution of the former 
gives no precipitate with ammonia, the addition of ammonia to 
that of the latter causes the immediate separation of a caseous 
precipitate which, after crystallisation from methyl alcohol, melts 
at 110—111°, and consists of anhydrocryptopine. 


Oxidation of Anhydrocryptopine Methochloride to* Dioxymethyl- 

l 

/ 

/ 

CB>QH CH„ 

iso anliydrodihydrocryptojyme (945), I * 

CO NMe 2 

\ch:ch 0 


This oxidation was carried out by dissolving anhydrocryptopine 
methochloride (5 grams; compare 981) in water (1 litre), and, 
after cooling in ice and salt until the solution was partly frozen, 
cold saturated permanganate (containing 5*5 grams of KMnO..,) 
was gradually added with mechanical stirring. The permanganate 
was immediately decolorised, and, when the operation was com¬ 
plete, the whole was heated to boiling, filtered, and the brown 
filtrate concentrated to half its bulk, during which a small quantity 
of a crystalline substance separated. After two days, this was 
collected (0*5 gram), and a second small quantity was obtained by 
further concentrating the deep brown filtrate, the total yield being 
0*67 gram. On still further concentrating, the odour of dimethyl- 
amine became apparent, and all attempts to obtain anything 
crystalline from the tar which resulted were unsuccessful. The 
crystalline substance (0*67 gram) is sparingly soluble in cold 
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The methyl-alcoholic mother liquors of the pure methosulphat© 
yielded, on concentrating, a further crop of less pure methosulphat©, 
and, on concentrating further and leaving in the ice-chest, a mass 
of soft, yellow, nearly square plates separated, together with a 
few of the large prisms of the methosulphate. The two sub¬ 
stances were easily separated by means of a sieve, and the second 
substance, after recrystallisation from water, proved to be anhydro- 
cryptopine methyl hydrogen sulphate : 

0*1181 gave 0-2471 C0 2 and 0-0582 H 2 0. C = 57-2; H = 5*5. 

Co t H 21 0jN,MeHS0 4 "requires C = 57 : 0; H = 5-4 per cent. 

The most striking difference between the methosulphat© and 
this salt lies in the fact that, whereas the solution, of the former 
gives no precipitate with ammonia, the addition of ammonia to 
that of the latter causes the immediate separation of a caseous 
precipitate which, after crystallisation from methyl alcohol, melts 
at 110-—111 0 , and consists of anhydrocryptopine. 


Oxidation of Anhydrocryptopine Methochloride to Dioxymethyl- 

A 

Ca-OH CEL 


i&oanhydrodihydro crypto pin e (945), 


CO NMe„ 


\/ 


\ch:ch„ 


This oxidation was carried out by dissolving anhydrocrypfcopine 
metJiochloiide (5 grams; compare 981) in water (1 litre), and, 
after cooling in ice and salt until the solution was partly frozen, 
cold saturated permanganate (containing 5-5 grams of KM.nO.,) 
was gradually added with mechanical stirring. The permanganate 
was immediately decolorised, and, when the operation was com¬ 
plete, the whole was heated to boiling, filtered, and the brown 
filtrate concentrated to half its hulk, during which a small quantity 
of a crystalline substance separated. After-two days, this was 
collected (0*5 gram), and a second small quantity was obtained by 
further concentrating the deep brown filtrate, the total yield being 
O'67 gram. On still further concentrating, the odour of dimethyl- 
amine became apparent, and all attempts to obtain anything 
crystalline from the tar which resulted were unsuccessful. The 
crystalline substance (0-67 gram) is sparingly soluble in cold 
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alcohol and not very readily so on boiling, and separates in drab 
needles. After twice recrystallising, the following analytical 
details were obtained with different preparations: 

0-1129 gave 0‘2724 C0 2 and 0*0633 H 2 0. C = 65*8; 11-8*2. 

0*1026 „ 0*2496 C0 2 „ 0*0596 H 2 Q. C = 66*3; H = 6*4. 

C 22 H 25 0 6 N requires 0=66*2; H = 6*3 per cent. 

'Dioxymethylhmnhydrodihydrocri/ptoinne melts at 187—188°, 
and is sparingly soluble in benzene or acetone in the cold and 
nearly insoluble in light petroleum. It dissolves in boiling acetone 
and separates in glistening balls of needles. The substance is a 
strong* base, dissolves immediately in cold dilute hydrochloric acid, 
and gives, on the addition of ammonia, a milky liquid and an 
amorphous precipitate which, on warming, becomes crystalline. 
The sulphate and nitrate, like the hydrochloride, are readily 
soluble. The addition of platinic chloride to the dilute solution of 
the hydrochloride produces an ochreous precipitate, which melts to 
a green oil under boiling water, and the supernatant liquid becomes 
first green and then brown. Auric chloride produces, with a dilute 
solution of the hydrochloride, a pale chocolate precipitate, soluble 
in hot water, and, on boiling, the liquid becomes green and deposits 
a purple precipitate of reduced gold. When a few drops of copper 
sulphate are added to the solution of the hydrochloride, a pale 
yellowish-green solution is obtained which, on boiling, becomes first 
deep blue, then yellow, and finally deep reddish-brown'; the addi¬ 
tion of alkali then precipitates a reddish-brown precipitate of 
cuprous oxide. 

The solution of the base in ordinary dilute nitric acid becomes 
deep green when heated at about 80°, and is dichroic with a red 
reflex; if the temperature is raised to the boiling point, the intense 
colour suddenly changes to pale brown, and the odour of nitrous 
acid develops. 

When concentrated nitric acid is poured on to a trace of the 
substance on a watch-glass, a brilliant orange-red colour is pro¬ 
duced, which soon becomes crimson, and then the addition of water 
gives a crimson solution, which fades to yellow. The solution of 
the base in glacial acetic acid gives no> immediate coloration on the 
addition of sulphuric acid, but gradually a pink colour develops. 
If the base is mixed with acetyl chloride in a sealed tube, it 
becomes crimson, then violet, and finally intense indigo-blue, and, 
on heating in boiling water, the colour changes to deep green. 
The whole dissolves completely in water to a brown solution, and 
ammonia precipitates a chocolate, gelatinous substance which, dries 
to a chocolate-black powder The base does not exhibit the 
characteristic purple benzoin reaction; when it is warmed with 
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dilute sodium hydroxide or boiled with methyl-alcoholic potassium 
hydroxide, but, in the latter case, it is converted into a white sub¬ 
stance, which is apparently a potassium derivative, and this is 
decomposed by water with the separation of a white, flocculent 
precipitate. 

The base appears to yield a semicarbazone when it is bodied with 
excess of semiearbazide hydrochloride and sodium acetate and the 
product precipitated with ammonia, but the amount of available 
material was too small for purification and analysis. 


Section I (a). Reduction of Anhydrocryptopmc Methosulphate 
in Alkaline Solution: Formation of Dihydroanhydromethyl- 
cryptopine, 


/\/ 


CH Me 


X 


ONMe 2 ’ 


oh:chl 


Dihydroanhydromethylcryptopine is obtained when anhydro- 
cryptopine methosulphate is reduced in alkaline solution by sodium 
amalgam under the following conditions: The methosulphate (10 
grams), dissolved in boiling water (200 c.c.), was poured on crushed 
sodium amalgam (100 grams of 4 per cent.) in a porcelain beaker, 
and the whole vigorously stirred, when a base at once separated 
which adhered to the sides of the beaker and to the glass rod, and 
hardened on cooling. The mass was ground up, well washed, dis¬ 
solved in boiling methyl alcohol, the filtered solution mixed with 
ether, and the methyl alcohol removed by washing with water. 
After drying over potassium carbonate, the ethereal solution was 
concentrated and left for several days in the ice-chest, but, as no 
crystallisation took place, the ether was evaporated. The hard 
residue, which resembled colophony, was dissolved in dilute 
hydrochloric acid and mixed with ammonia, when an amorphous 
base separated, which was dried over phosphoric oxide in a vacuum 
desiccator. Two different preparations were analysed: 

0-1055 gave 0-2758 CO* and 0-0619 H 2 Q. C = 71*3; 11 = 6*5. 

0*1255 „ 0-3312 C0 3 „ 0*0764 H ? 0. C = 71-9; H = 6‘8. 

€ 22 H 25 0 4 N requires C~71*9; TI = 6*8 per cent. 

J) ihfd/roanhydromethylcrypiQpine exhibits no tendency to crystal¬ 
lise; its solution in * acetic acid gives with sulphuric acid a port 
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win© coloration, which changes to deep brown on the addition of 
a drop of dilute nitric acid. 'The salts are readily soluble, and the 
solution of the hydrochloride gives, on the addition of potassium 
iodide, a viscid iodide which dissolves readily in methyl alcohol, 
but could not be obtained crystalline. The platinichloride, pre¬ 
pared by the addition of platinic chloride to the dilute solution of 
the hydrochloride, is a pale ochreous, chalky precipitate : 

0-1265 gave 0*2146 CO, and 0*0516 H,0. 0=46*2; H~4*5. 

(0 22 II 25 0 4 N) 2 H,PtCl c requires C—46*2; H = 4*5 per cent. 

Oxidation- of Dihydroanhydrom ethyl cryptopin e .—In order to 
obtain evidence as to the constitution of this base, the substance 
(5 grams), dissolved in acetone, was oxidised by the gradual addi¬ 
tion of finely powdered permanganate (5*5 grams) at the ordinary 
temperature. The product was filtered, the manganese precipitate 
(il) well washed with acetone, the filtrate evaporated, and the 
brown syrup, which had a distinct odour of piperonal, distilled in 
a current of steam. The cloudy distillate deposited, on keeping in 
the ice-chest, a large crop of needles which melted at 70—72°, and 
were recognised as 5:6-methylenedioxy-o-tolualdehyde (907). 

Tile residue in the steam distillation flask contained an oil, most 
of which was soluble in dilute hydrochloric acid, but no further 
examination was made. The manganese precipitate (JL) yielded, 
on extraction with boiling water, a brown solution, which was 
digested with animal charcoal, concentrated, and acidified, when 
a solid acid separated and crystallised from glacial acetic acid in 
colourless needles, melted at 214—-216°, and consisted of 
5 : fi-metbylenedioxy-o-toluic acid (916). 

IHhydroanhydromethylcrypiopine Metho&ulphat e, 

C^H 2 50 4 N,M%S 0 4 . 

The solution of the base (3 grams) in benzene (15 c.c.) reacts 
readily with methyl sulphate (3 c.c.), with development of heat, 
and in a short time the methosulphate separates as a crystalline 
mass. This was collected, washed with benzene, and crystallised 
from water, in which it is rather sparingly soluble in the cold, but 
readily so on boiling; and from which it separates in colourless 
groups; of prisms: •’ 

0*1184 gave 0*2499 C0 2 and 0*0661 H, ; 0. C=58’5; H = 6*3. 

C 22 H 25 0 4 N,Me 2 SG 4 requires 0=58*4; H = 6'3 per cent. 

This methosulphate melts at 210°, without effervescence, to a 
slightly coloured syrup; the solution in acetic acid gives with 
sulphuric acid a deep cherry-red coloration which, on the addition 
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of a drop of dilute nitric acid, changes to brownish-violet. The 
corresponding methiodide, c 22 h 25 q 4 N,MeI, is obtained by adding 
hot dilute potassium iodide to the hot dilute solution of the metho- 
sulphate, when a milky liquid is produced, which soon deposits 
glistening spangles: 

0-1123 gave 0*2242 C0 2 and 0T559 H 3 0. 0^54*4; H = 5-5. 

C 2 2,H250 4 N,MeI requires C —54-2; H = 5-5 per cent. 

This iodide is remarkably stable, it scarcely darkens at 200°, and 
melts at about 217° with very little decomposition. 



OH Me 


Hydroxy cry piopidene (compare 926), ^ qjj 

y' 

/ Ych:ch, 


This interesting substance, isomeric and closely allied in proper¬ 
ties with o-«socryptopidol (m. p. 90—92°; 948), is obtained when 
dihydroanhydromethylcryptopine methosulphate is decomposed by 
methyl-alcoholic potassium hydroxide. The methosulphate (7 
grams), dissolved in hot methyl alcohol, was mixed with methyl- 
alcoholic potassium hydroxide (60 c.c. of 25 per cent.) and heated 
to boiling, when trimethylamine was immediately eliminated, but 
decomposition was nevertheless slow. 

After an hour, most of the methyl alcohol was evaporated, and 
the pasty residue heated in boiling water for two hours; water was 
then added, and the viscid precipitate extracted with much ether. 
The ethereal solution, which contained a fioceulent precipitate 
consisting apparently of a polymeric modification of hydroxy- 
cryptopideiie (compare below), was filtered, thoroughly washed with 
dilute hydrochloric acid, dried over potassium carbonate, and con¬ 
centrated, when, on remaining for several days in the ice-chest, a 
crust of nodules separated which melted at 88—89°, and consisted 
of pure hydroxycryptopidene. As the amount which had separated 
was only small, the ethereal mother liquor was evaporated, when a 
pal© brown syrup remained which soon began to crystallise in 
nodules, and crystallisation was much facilitated by trituration 
with methyl alcohol, in which the substance is sparingly soluble. 
After collecting and washing with methyl alcohol, the colourless 
residue was recrystallisel from methyl alcohol, from which hydr¬ 
oxycryptopidene separates in circular nodules melting at 87-—88°. 
Two different preparations were analysed: 
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0-1272 gave 0-3288 C0 9 and 0-0704 H 2 0. 0=70*4; H = 61. 

0-1289 „ 0-3336 C0 2 „ 0*0701 H 2 0. 0=70*5; H = 6'l. 

C 20 H 20 O 5 requires 0 = 70*6; H,=5*9 per cent. 

Hydroxy cry-pi opide ne is very readily soluble in benzene, but 
sparingly so in. et-her or cold, light petroleum. It dissolves, how¬ 
ever, moderately readily in the latter solvent on boiling, and 
separates in well-developed chisel-shaped prisms and also in single 
lenticular prisms. 

Hydroxycryptopidene dissolves in acetyl chloride in the cold 
with some development of heat, and, when heated in a sealed tube, 
the solution becomes purple, then bluish-violet, and finally deep 
indigo-blue. When the product is evaporated on the steam-bath, 
a blue resin remains, which loses its colour on boiling with methyl 
alcohol, and a chalky substance separates. This was collected, 
washed with methyl alcohol, in which it is nearly insoluble, and 
purified by dissolving in glacial acetic acid and precipitating with 
methyl alcohol. After washing with methyl alcohol, the chalky 
residue contained 4*98 per cent, of chlorine, and this was removed 
by boiling with 10 per cent, methyl-alcoholic potassium hydroxide. 
The precipitate was then collected, washed well with methyl 
alcohol, then with water, dissolved in glacial acetic acid, and pre¬ 
cipitated by methyl alcohol: 

0-1158 gave 0‘3005 C0 2 and 0*0603 H 2 0. 0=70*8; H = 5*8. 

O 20 H 20 O 5 requires C = 70*6; H = 5*9 per cent. 

Clearly the action of the acetyl chloride had been, not to pro¬ 
duce an acetyl derivative, but to convert the hydroxycryptopidene 
into a polymeric modification, which, since, it closely resembles 
jS-'/socryptopidol (947), may be named hydroxyisocryptopidene (j8). 
This polymeric!e shrinks at 175—180° and froths up at about 200°. 



In preparing tetrahydroanhydromethylcryptopine, anhydro- 
cryptopine methosulphate (5 grams), dissolved in warm water 
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(100 c.c.) and dilute hydrochloric acid (5 c.c.), was poured on 
sodium amalgam in a flat basin, and then hydrochloric acid 
(20 c.c.) gradually added, so that the whole always remained dis¬ 
tinctly acid.* As soon as- the' amalgam was exhausted, the liquid 
was filtered from a.small quantity of a viscid substance insoluble 
in dilute hydrochloric acid, mixed with excess of ammonia, and 
the milky product. extracted with ether. The ethereal solution 
was washed with water, dried over potassium carbonate, and con¬ 
centrated, and, as no crystallisation had taken place after remain¬ 
ing for a week in the ice-chest, the ether was evaporated. The 
gummy residue was then dissolved in dilute hydrochloric acid, pre¬ 
cipitated by ammonia, and, after collecting and washing, the base 
was dried in a vacuum desiccator over phosphoric oxide: 

0*1140 gave 0*2972 C0 2 and 0*0757 H 2 0. 0=71*1; H = 7*4. 

C 22 H 27 0 4 N requires C?=7T5; H = 7*3 per cent. 

Tetrahydroanhydrometlvylcryptopine, isomeric with anhydro- 
tetrahydromethylcryptopine (m. p. 107°; 898), has not been 
obtained in a crystalline condition. 

It is readily soluble in dilute hydrochloric acid, and the addition 
of concentrated hydrochloric' acid produces a milky liquid, from 
which the hydrochloride separates as a syrup. The plcdmicfiloridc, 
prepared in the usual manner, is an ochreous precipitate some¬ 
what soluble in hot water, from which it separates as a chalky 
powder: 

0*1175 gave 0*1997 CCX and 0*0539 H,0. C=4G*3; H=G*Q. 

0*4372 „ 0*0719 Pt.~ Pt=16*4. 

'(Gg^B^O^N^gjHgPtClg.requires 0=46*1 ; H = 5*0; Pt —10*9 per cent. 


Ory-ptopidene (I) and TeArahydmcrypUtpidene (II), 


A/ 

i 

/\A 

CH Me 

CHjjMe 


CH 

( 

x ch:ch 2 

(i) 


and 


X 


CH, 


N 'CH 2 -0H 3 
(IX.) 

The methosulphate of tetrahydroanhydromethylcryptopine does 
not separate when the solution of the base (2 grams) in benzene 


* It is important that the temperature should not rise above 60°, and that 
a large excess of hydrochloric acid is not present at any time, otherwise there 
is a risk of the formation of considerable quantities of ^-cryptopine chloride 
{compare p. 767). 
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(5 c.c.) is mixed with methyl sulphate (2 c.c.) and allowed to 
remain for twenty-four hours. 

On the addition of ether, the methosulphate is deposited, how* 
'ever, as a syrup, which on rubbing shows signs of crystallising. 
The syrup was washed with ether, dissolved in a little methyl 
alcohol, and boiled with methyl-alcoholic potassium hydroxide 
(20 c.c. of 30 per cent.), when trimethylamine was eliminated, and, 
after half an hour, the methyl alcohol was evaporated, the residue 
mixed with water, and extracted with ether. The ethereal solu¬ 
tion, which had a lilac fluorescence, after well washing with dilute 
hydrochloric acid and drying over potassium carbonate, deposited 
on evaporation a syrup, which soon crystallised, and contact with 
porous porcelain removed traces of oily impurity. The colourless 
residue separated from methyl alcohol in glistening needles exhibit¬ 
ing a striking lilac fluorescence, melted at 122—123°, and was 
recognised as cryptopidene. The identity was confirmed by 
analysis (Found: C — 73'6; H = 6*2. C 20 H 2 0 O 4 requires C = 74"l; 

H = 6‘2 per cent.) and by the fact that the mixture with a speci¬ 
men of cryptopidene which had previously been obtained from 
anhydrotetrahydromethylcryptopine methosulphate (926) melted 
at 120—122°. 

Tetrahydrocryptopidene, '“C 20 H 24 O 4 .—This fine substance is 
obtained when cryptopidene is reduced in boiling alcoholic solu¬ 
tion with sodium, but the change does not take place very readily 
and completely. 

The boiling solution of cryptopidene (5 grams) in alcohol 
(100 c.c.) was run on to melted sodium (10 grams) contained in a 
flask fitted with a long condenser and heated in boiling salt solu¬ 
tion. Small quantities of boiling alcohol were run in from time 
to time, and, so soon as all the sodium had dissolved, water was 
added, the whole extracted with ether, the ethereal solution washed 
thoroughly, dried, and evaporated, when a crystalline residue 
remained, which, however, contained unchanged cryptopidene. 
The reduction was twice repeated exactly as in the first instance, 
and the product repeatedly recrystallised from methyl alcohol, in 
which tetrahydrocryptopidene is rather sparingly soluble in the 
cold, and from which it separates in glistening groups of prisms 
exhibiting a lilac fluorescence. Considerable difficulty was experi¬ 
enced in obtaining accurate analytical results: 

. 0-1236 gave 0-3284 C0 2 and 0’0797 ILO. C = 72-6; E = 7‘2. 

0-1142 „ 0-3048 C0 2 „ 0-0750 JXgS. C = 72-7; H = 7’3. 

C 20 H 24 O 4 requires C — 73-2; H — 7*3 per cent. 

Tetrahydrocryptopidene melts at 78°, and is readily soluble in 

VO£,. CXV. F F 
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hot alcohol, acetone, acetic acid, or benzene. It is sparingly soluble 
in light petroleum (b. p. 60—80°) in the cold, but dissolves readily 
on boiling, and separates splendidly in stout, well-developed 
tabular prisms with bevelled edges when the solution is allowed to 
cool very slowly or to concentrate spontaneously. The solution in 
acetic acid gives with sulphuric acid an orange-red coloration, 
which changes to a port wine colour on the addition of a drop of 
dilute nitric acid. It dissolves in concentrated nitric acid with a 
strildng crimson colour, which soon fades. 


Section II. 

Reduction of Cryptopine Methochlorzde in- Alkaline Solution. 

A/ 

CJBL Me 

I 

Dihydrmn ethylcryptopine, 00 

A\cH 2 *CK 2 -NMe 2 


in studying this reduction, the solution of the methochloride 
(881) (5 grams) in water (100 c.c.) was treated at about 50° with 
sodium amalgam (100 grams of 4 per cent.), when rapid separation 
of a viscid, grey base occurred, and the completion of the process 
was facilitated by heating on the steam-bath. The base was dis¬ 
solved in methyl alcohol, mixed with much ether, the ethereal 
solution thoroughly washed with water, dried over potassium 
carbonate, and concentrated, when, on keeping in the ice-chest, a 
hard crust of rather indefinite crystals gradually separated, which 
melted at about 100—102°. The crystals were again dissolved in 
dry ether, by the aid of methyl alcohol as before, and the rather 
concentrated liquid then deposited a small quantity of glistening, 
prismatic needles (0*2 gram) of dihydrometkyicryptopine, which 
became opaque on drying in the steam-oven: ' 

0*1184 gave 0-2977 C0 2 and 0*0757 H S G. 0=68-6; H = 7'l. 

C 22 H 27 0 6 N requires C = 68*6; H=7*0 per cent. 
Dihydrometbylcryptopine melts at 118—120°, and is readily 
soluble in hot methyl alcohol, but sparingly so in the cold, separ¬ 
ating from the hot solution on slowly cooling in glistening, six- 
sided prisms. When triturated with dilute hydrochloric acid, the 
base at first becomes viscid, and then the very sparingly soluble 
hydrochloride forms, which dissolves in boiling dilute hydrochloric 
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acid and separates as a crust of microscopic prisms. Tile solution 
of a trace of the base in a drop of glacial acetic acid gives, with 
sulphuric acid, a deep reddish-brown coloration. 

Oxidation .— The base (0-7 gram), dissolved in acetone (20 c.e.), 
■was oxidised by the gradual addition of very finely powdered per¬ 
manganate (1*2 grams), but the reduction of the permanganate 
took place unusually slowly and required two days for completion 
at the ordinary temperature. 

After filtering and washing with acetone, the manganese pre¬ 
cipitate was extracted with boiling water, the extract digested 
with animal charcoal, evaporated to a small hulk, and acidified, 
when a cloudy liquid was produced, which soon deposited a 
sparingly soluble, crystalline acid. 

This was collected and recrystallised from glacial acetic acid, 
when it separated in colourless needles melting at 214—216°, which 
were recognised as 5:6-methylenedioxy-o-toluic acid, 
CH 2 :0 2 :C 6 H 2 Me-C0 2 H (916). 

The acetone extract from the oxidation was scarcely coloured, 
and yielded, on evaporation, a syrup which had the odour of 
piperonal, and was largely insoluble in dilute hydrochloric acid. 
On distilling in a current of steam, there separated from the dis¬ 
tillate needles which melted at 72—73°, and consisted of 5:6- 
methylenedioxy-o-tolualdehyde, CH^O^CgHdVIe’CHO (907). 

The ethereal mother liquors from which the dihydromethyl- 
cryptopine had separated, as explained above, were concentrated 
and left for some days in the ice-chest; the hard cake of crystals 
was then dissolved in dilute hydrochloric acid, and again allowed 
to remain, when a crust of crystals (O'8 gram) of anhydrotetia- 
liydroinethylcryptopine hydrochloride, 0 2 2H 27 0. 1 1SI,H01 (900), 

separated. This sparingly soluble hydrochloride was removed by 
filtration, the filtrate made strongly alkaline with ammonia, and 
the viscid base extracted with ether. After drying over potassium, 
carbonate and concentrating, the ethereal solution deposited hard 
crystals which melted at 106—107°, and consisted of tetrahydro- 
methylcryptopine, C 22 H 29 0 5 N (896). The latter is the principal 
product of the reduction of cryptopine methochloride under the 
conditions described at the beginning of this section. Experiments 
were also made on the reduction of cryptopine methosulphate (880) 
in alkaline solution with sodium amalgam, but the only product 
that could be isolated was tetrahydromethylcryptopine. 
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Section 111 (a). The Reduction of r&oCryptojhnc Chloride, 


/\/ 

C.H i -o 

ii V 2 

G—JN MeCl 


V i 

I 

/n ch 2 


in 


A Ikalin c Solution. 


For the purpose of this investigation, crushed sodium amalgam 
(100 grams of 4 per cent.) was added to isocryptopine chloride 
(5 grams), dissolved in about 400 c.c. of boiling water, and the 
whole placed on the steam-bath and well stirred, the water being 
replaced as it evaporated. 

A viscid base soon began to separate, and, after an hour, the 
whole was filtered hot and the residue washed with hot water. 
The filtrate, mixed with excess of hydrochloric acid, deposited a 
large quantity of a quaternary salt, which was readily recognised 
as isodihvdrocryptopine /3-chloride (compare p; 721), and this 
substance is produced in such considerable amount that this process 
affords a much more convenient means for its preparation than 
that previously described (934). The viscid base was dissolved in 
alcohol and mixed with much ether, which caused a further small 
quantity of the quaternary salt to separate; this was filtered off, 
the ethereal solution washed thoroughly until free from alcohol, 
quickly dried over potassium carbonate, and filtered. During the 
subsequent concentration, a base began to separate on the sides 
of the flask as a glistening, crystalline crust, and, on long keeping 
in the ice-chest, this increased considerably. When this deposit 
was fractionally crystallised from methyl alcohol, it separated into 
(i) considerable quantities of tetj-ahydroanhydroisocrypiopine, 
C 21 H 25 0 4 N (m. p. 138°), identical with the base obtained as one 
of the products of the reduction of isocryptopine chloride in acid 
solution (p. 751), and quite small quantities of a new base, 
C 2i H 23 0 4 N— dihydA'oanhydrov&ocryptopine —melting at 135°, the 
constitution of which is represented by the formula 



CK Me 

ii 

OH-fNMe 


\/ 

/^CH 


(JJEIg 

/ 

2 1 
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0*0829 gave 0*2174 C0 2 and 0*0480 H 2 0. 0 = 71*5; H = 6*4. 

0-1246 „ 0*3261 002 „ 0-0729 H 2 Q. 0=71*4; H = 6-5. 

C 21 H 23 0 4 N requires C = 71*4; H = 6*5 per cent. 

This interesting substance separates from alcohol or methyl 
alcohol, in both of which it is very sparingly soluble, in pale lemon- 
yellow needles. 

It is also sparingly soluble in boiling benzene or acetone, and 
separates particularly well from the latter in glistening needles. 
The solution in glacial acetic acid gives no coloration with sulphuric 
acid but, on the addition of a drop of dilute nitric acid, an intense 
permanganate coloration rapidly develops. 

The Hydrochloride .—The base dissolves readily in dilute hydro¬ 
chloric acid, and, on rubbing, the hydrochloride soon separates in 
needles. It is readily soluble in boiling water, but almost insoluble 
in dilute hydrochloric acid in the cold: 

0*1151 gave 0*2721 C0 2 and 0*0652 H 2 Q. C=64-5; H = 6*3. 

C 21 H 23 0 4 N,HC1 requires C=74*7; H = 6-2 per cent. 

The sulphate is soluble and does not appear to crystallise readily, 
but the addition of nitric acid to the dilute solution of the sulphate 
immediately precipitates the nitrate, which is very sparingly soluble 
in hot dilute nitric acid and crystallises rather indefinitely. When 
boiling dilute potassium iodide is added to the boiling dilute 
solution of the sulphate, a milky liquid is produced, from which 
the hydriodide soon separates as a crystalline mass. This was 
collected and recrystallised from boiling alcohol, in which the salt 
is sparingly soluble and from which it separates in warty aggre¬ 
gates melting’at about 250—255° with decomposition to a yellow 
froth; 

0*1046 gave 0*2017 C0 2 and 0*0471 H 2 0. C=52-6; H=5*0. 

C 21 H 23 0 4 N,HI requires C = 52*4; IT = 5*0 per cent. 


Section■ III (b). The 'Reduction of iso Cryptopine Chloride in 
Acid Solution, 

In attempting this reduction, considerable difficulty was experi¬ 
enced owing to the sparing solubility of fsocryptopine chloride in 
dilute hydrochloric acid, and, indeed, in mineral acids in general. 

Ultimately, however, the following process was found to work 
well. 

isoCryptopine chloride (5 grams), dissolved in glacial acetic acid 
(25 c.c.), is mixed with boiling water (100 c.c.), and, after heat¬ 
ing to boiling, concentrated hydrochloric acid (20 c.c.) is added, 
and the whole poured on sodium amalgam (100 grams of 4 per 
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cent.) in an enamelled iron basin. So soon as the vigorous action 
has subsided, the same quantity of sodium amalgam is again added, 
as well as: sufficient hydrochloric acid to keep the liquid strongly 
acid. The whole while hot is decanted from the mercury on to a 
Buchner funnel connected with the pump, and the filtrate, which 
immediately begins to crystallise in minute needles, left overnight. 

The precipitate (A) is collected, washed with a little water, the 
filtrate heated to boiling and mixed with excess of ammonia, when 
a viscid, grey mass (B) separates, which is immediately filtered 
off, and the filtrate, on keeping overnight, becomes filled with a 
soft mass of needles (G). The substance (A), which is almost pure 
?‘socryptopine chloride, is again reduced as before, and, even after 
the operation has been repeated four times, isocryptopine chloride 
still remains. 

This was proved by analysis. (Found: 0 = 59*3,; H = 6‘3. 
C 21 H 22 0 4 NC1,2H 2 0 requires 0=59*5; H = 6T per cent.) and also 
by the fact that the salt yielded anhydrocryptopine (975) on decom¬ 
position with methyl-alcoholic potassium hydroxide. The 
quaternary salt (C) crystallised well from hot dilute hydrochloric 
acid in long needles, and, in contact with porous porcelain, dried 
to a horny mass which did not melt at 260°. On examination, 
this salt was found to be isodihydrocryptopine 3-chloride, since, 
when digested with methyl-alcoholic potassium hydroxide, it yielded 
a substance which, after crystallisation from acetone, melted at 
178°, and was recognised as anhydrodihydrocryptopine (A) (938). 

The viscid, grey mass (2?) hardens on keeping, and becomes 
crystalline in contact with methyl alcohol. The whole is dissolved 
in boiling methyl alcohol and set aside, when a crop of crystals 
separates which usually consists of a mixture of tetrahydroanhydro- 
is oayptopine (m. p. 138°) and dihydroan'hydrodihydrocrypto'pirie 
(.4) (m. p. 184°). 

The latter of these is much the less soluble in methyl alcohol, 
and at some concentrations separates almost completely before the 
base, melting at 138°, begins to crystallise. If this is not the case, 
fractional crystallisation from methyl alcohol must be resorted to 
until separation is complete. The constitutional formulas of the 
two bases and tbeir derivatives are discussed fully in the intro¬ 
duction (pp. 722 and 723). 
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CH g Me 

Tetrahydroajiltydroisacryptopine, CH—NMe 

Y ch 2 

/x oh/ 

This base, obtained as described in the last section, separates 
from methyl alcohol in groups of striated, prismatic needles, and 
melts at 138—139°: 

0-1139 gave 0-2958 00 2 and 0-0731 H 2 0. 0=70-8; H = 7-l. 

0-1253 „ 0-3264 C0 2 „ 0-0804 H 2 0. - 0=71*0; H = 7*1. 

C 21 H 2s 0 4 N requires 0 = 71-0; H = 7 - Q per cent. 

Tetrahydroanhydroimcryptopine is readily soluble in boiling 
alcohol, acetone, or benzene, and crystallises well from all these 
solvents. Discoloured specimens of the base are readily purified 
by dissolving in dilute hydrochloric acid, digesting with animal 
charcoal, and precipitating with ammonia. In this condition, the 
base is soluble in ether, and the ethereal solution, after drying 
over potassium carbonate and concentrating, deposits the base, as 
a colourless, crystalline crust. 

The salts with mineral acids are readily soluble, and crystallise 
from concentrated solutions in needles. Long boiling with con¬ 
centrated hydrochloric acid does not appear to have any action on 
the hydrochloride, which separates, on keeping in the ice-chest, in 
balls of needles. The solution of a crystal of the base in acetic 
acid gives with sulphuric acid a pale "brown coloration, which 
becomes greenish-brown on keeping, and the addition of a drop 
of dilute nitric acid changes the colour to deep port wine. The 
■platimchloride is obtained, on the addition of platinic chloride to 
the dilute solution of the hydrochloride, as a pale yellow, caseous 
precipitate, which soon becomes crystalline. It dissolves appreci¬ 
ably in boiling water, and separates as a heavy, pale orange deposit 
consisting of groups of irregular plates: 

0-1272 gave 0*2069 CQ 2 and 0-Q507 H 2 0. 0= 44*4,- H=4*5. 

0*5064 „ 0-0854 Pt. Pt=16'9. 

(C 21 H 25 0 4 N) 2 ;H 2 Pt01 fi requires 0 = 45*0; B>4-6; N = 17-3 per cent. 

The mercuriehloride separates, on adding mercuric chloride to 
the dilute solution of the hydrochloride, as a white, caseous pre¬ 
cipitate which scon becomes crystalline; it melts under boiling 
water, dissolves moderately readily, and, when cooled and rubbed, 
the milky liquid soon crystallises. 
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The Methosulphate .—This derivative is readily obtained by add¬ 
ing methyl sulphate (1 c.c.) to the solution of the base (1 gram) 
in warm benzene, when there is appreciable development of heat, 
but no immediate separation.* On keeping in the ice-chest, 
glistening plates soon begin to form, and, after twenty-four hours, 
the substance is collected and washed with benzene, but it was not 
recrystallised, because it is very readily soluble both in water and 
in methyl alcohol. 

After drying in the steam-oven, it softened at 145° and melted 
at about 160° : 

0-1185 gave 0-2509 C0 2 and 0-0686 EL>0. C = 57-7; H = 6*4. 

C 21 H 25 0 4 lSr,Me 3 S0 4 requires C=57’4; H = 6'5 per cent. 

The aqueous solution of this methosulphate gave no precipitate 
on the addition of ammonia or dilute sodium hydroxide. 

The Methiodide .—The addition of hot dilute potassium iodide 
to the hot aqueous solution of the methosulphate produces a milky 
liquid, which soon crystallises beautifully in glistening scales: 

0-1124 gave 0-2179 C0 2 and 0*0565 H 2 0. C = 52-7; H = 5*6. 

G 21 H 25 0 4 lSI^MeI requires C = 53T; H = 5'6 per cent. 

This methiodide does not become yellow until about 250°, and 
melts at about 263°, without effervescence, to a lemon-yellow liquid. 
It is very sparingly soluble in water or alcohol, and separates, when 
the solution in the latter solvent is concentrated, as a glistening, 
heavy powder consisting of stout prisms with bevelled edges. 


CH Me 

■■■ ■ . ■' I 

Anhydrotetrahifdromethylcry'ptdjme, CH 



/\cH 2 -CH 2 -NMe 2 

This substance is produced when the methosulphate of tetra- 
hydroanhydroisocryptopine is decomposed by methyl-alcoholic 
potassium hydroxide. The methosulphate (1 gram) was boiled 
with methyl-alcoholic potassium hydroxide (10 c.c. of 20 per cent.) 
in an open flask for ten minutes, when decomposition set in readily 
and a cloudy liquid was produced, which soon deposited a white, 
crystalline precipitate. The product was mixed with water, heated 

* If, however, the benzene solutionis boiling, a vigorous reaction sets in, 
and the methosulphate commences to crystallise at once, the^separation being 
complete in a few minutes. 



PERKIN : CRYPTOPINE. TART II. 


753 


to boiling, the aqueous liquid decanted from the viscid mass, and 
the latter recrystallised from methyl alcohol, from which it 
separated in glistening, colourless plates having a striking lilac 
fluorescence and melting at 107—109°. That this substance was 
anhydrotetrahydromethylcryptopine was proved by analysis 
(Found: C = 71-2; H = 7‘3; N = 3-9. C 22 H 27 0 4 N requires C=71*5; 
H = 7’3 ; N = 3'8 per cent.) and by the fact that a mixture of the 
substance with a specimen of anhydrotetrahydromethylcryptopine 
which had been prepared from tetrahydromethylcryptopine (899) 
melted at 106—108°. Moreover, a comparison of the crystals 
clearly established the identity of the two preparations. 

Oxidation of Tetrahydroanhydroisocryptopine .—This oxidation, 
which has afforded valuable evidence in support of the constitution 
assigned to the above substance (p. 751), was carried out under 
the following conditions. The base (9 grams) was dissolved in 
warm acetone (400 c.c.), the solution cooled to the ordinary 
temperature, and then very finely powdered and sieved perman¬ 
ganate (13 grams) added in small quantities at a time with vigorous 
stirring. Oxidation was slow at first, but became more rapid as 
the temperature rose, and care was taken that the temperature 
remained below 20° throughout the operation. The product was 
filtered, the manganese precipitate thoroughly washed with 
acetone, and the acetone filtrate treated as described below. 

When the manganese precipitate was extracted with boiling 
water, a very slightly coloured filtrate was obtained which, after 
concentrating considerably, yielded, on acidifying with hydrochloric 
acid, a very sparingly soluble, nearly colourless, chalky precipitate 
(2 grams). This was collected and crystallised from glacial acetic 
acid, from which it separated in needles melting at 215—216°, and 
yielded on analysis: C— 60'0j H = 4*6, whereas C 9 H g 0 4 requires 
C = 60 - 0; H = 4'5 per cent. Careful comparison showed that this 
acid was identical with 5:6-methylenedioxy-o-toluic acid (916), 
CH 2 :0 2 :C 6 H 2 Me*C0 2 H. 

The acetone solution, which had been filtered from the man¬ 
ganese precipitate as described above, was evaporated, when a 
yellow syrup remained, which gradually deposited needle-shaped 
crystals. When the whole was distilled in a current of steam, a 
milky distillate was obtained, which deposited a mass of crystals 
having the odour of piperonal, and, after recrystallisation from 
light petroleum, melted at 73—74°. That this substance was 
5 :6-methylenedioxy-o-tolualdehyde, CH 2 i0 2 ‘.C 6 H 2 Me*CHG, was 
proved by direct comparison with a specimen of this substance 
which had previously been obtained by the oxidation of anhydro- 
tetrahydromethylcryptopine (907). The residue in the steam dis- 

JP E* 
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filiation flask was extracted' with ether, the ethereal solution washed 
with very dilute hydrochloric acid to remove any basic substances, 
dried over potassium carbonate, and evaporated. When the resi¬ 
dual, pal© yellow syrup was seeded with a trace of l-keto-6:7- 
dimethoxy- 2-methyltetrahydrorioquinoline, 


00 

Meo/N^^NMe 

Me0 \ A /Ah, 

^ ch 2 

(m. p. 126°) (Pyman, T., 1909, 95, 1272; 1910, 97, 269), it rapidly 
became crystalline. After remaining in contact with porous porce¬ 
lain for a couple of days, the colourless, crystalline residue was 
recrystallised from dry ether, from which it separated in prisms 
melting at 126°. Moreover, the intimate mixture with a specimen, 
prepared by the method described by Pyman, melted at the same 
temperature. 


/\/ 

ch 2 ^ h 

Dihydromihydrodihydrocryptopine (/!)', I i 2 

CBL NMe 

\/ 1 
I «h 2 

/\oh/ 


This base, produced by the reduction of isocryptopine chloride 
under the conditions specified on p. 760, separates from acetone, 
in which ft is rather sparingly soluble, in groups of glistening 
prisms, and melts at 163—164°: 

0T057 gave 0*2752 CO* and 0*0670 H s O. 0=71*0; H = 7*Q. 
0*1036 „ 0*2701 002 „ 0*0661 H*0. 0=71*1; H = 7T. 

C 21 H 25 0 4 N requires 0 = 71*0 ; H —7*0 per cent. 

■; '■■Dihydfoaiihydrodihy^ {A) is characterised by being 

remarkably sparingly soluble in boiling methyl alcohol, from which 
it separates in stars of fiat needles; it is much more readily soluble 
in ethyl alcohol, and readily so in benzene. The solution of a 
crystal in a drop of acetic acid yields, on mixing with sulphuric 
acid, at first no coloration, but gradually an intense indigo 
develops, and the addition of a drop of dilute nitric acid changes 
thisto "orange. : : 

The salts of dihydroanhydrodihydrocryptopine (,i) are much less 
readily soluble in water or dilute acids than'those of the'isomeric 
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tetrahydroanhydrofsocryptopine (p. 751). When dilute hydro¬ 
chloric acid is added to the base, the crystals at first dissolve, but 
almost at once the hydrochloride commences to separate, and is 
very sparingly soluble in cold dilute hydrochloric acid. It dissolves 
readily, however, on boiling, and separates in groups of flat needles. 
The sulphate is also sparingly soluble in dilute sulphuric acid, and 
crystallises in long hairs radiating from a centre. The base does 
not dissolve in dilute nitric acid, but is at once converted into the 
crystalline nitrate, which is more sparingly soluble than either the 
hydrochloride or sulphate, and separates from its solution in hot 
dilute nitric acid in stout, prismatic needles with bevelled edges. 
When boiling dilute solutions of the hydrochloride and potassium 
iodide are mixed, a clear solution is formed, from which the hydr- 
iodide separates in stars of thin laminse, and is almost insoluble in 
cold water. The platinichloride. separates, on the addition of 
platinic chloride to a hot dilute solution of the hydrochloride, as 
a viscid, pale ochreous precipitate, which soon hardens; it is some¬ 
what soluble in boiling water and crystallises in microscopic balls 
of needles : 

0*1130 gave 0*1848 C0 2 and 0*0464 H s O. 0*44*6; H = 4*6. 

Q ; 5052 „ 0*0859 Pt. Pt=17*0. 

(C 21 H 25 0 4 N) 2 ,H 2 PtCl 6 requires 0 = 45*0; H = 4*6; Pt=17*3 per cent. 

The addition of mercuric chloride to the dilute solution of the 
hydrochloride produces a curdy precipitate resembling silver 
chloride; this is somewhat soluble in boiling water and separates in 
stars of prisms. 

The picrate is a chrome-yellow precipitate which melts under boil¬ 
ing water and dissolves with difficulty. 

The Methosulphate .—When methyl sulphate (1 c.c.) is added to 
the solution of the base (1 gram) in benzene (10 c.c.), there is no 
separation at first, but, in a minute or two, the liquid clouds and a 
viscid syrup is deposited which crystallises on rubbing, the whole 
becoming a glutinous mass of soft needles. The substance is rather 
difficult to collect, and is so readily soluble in water or methyl 
alcohol that it could not be recrystallised. After drying in the 
steam-oven, it yielded the following analysis: 

0*1191 gave 0*2499 C0 2 and 0*0701 H 2 0. C=57*2; H = 6*6. 

C 21 H 25 0 4 N,Me 2 S 04 requires C=57*4; H = 6*5 per cent. 

The aqueous solution of this methosulphate gives no precipitate 
on the addition of ammonia, and a trace of the salt, dissolved in 
glacial acetic acid, gives no characteristic coloration on the addition 
of sulphuric acid. 

It is mentioned in the introduction (p. 723) that dihydroanhydro- 

E F* 2 
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dihydrocryptopine (A) is unusually resistant towards perman¬ 
ganate, and tliis was evidenced by the following experiment, A 
few milligrams of very finely powdered permanganate were added 
to the solution of the base (3 grams) in acetone (150 c.c.), but no 
appreciable oxidation had taken place after remaining at 0° for 
fifteen minutes. When the temperature was raised to 20°, oxida¬ 
tion took place more rapidly, and, after 5 grams of permanganate 
had been reduced, the product, worked up in the usual manner, 
yielded 0*175 gram of unchanged base. A small quantity of a 
resinous, sparingly soluble acid was produced, and also an oily 
base, but the quantities of these were quite insufficient for further 
investigation. 

Reduction of Anhydrodihydrocryptopine (A, 938) to Bihydro- 
anhydrodihydrocryptopme (A). —This conversion, which affords 
welcome confirmation of the constitution assigned to the last-named 
substance (p. 723), was carried out under the following conditions: 
Anhydrodihydrocryptopine (A) (m. p. 178°; 7 grams), dissolved in 
boiling water and concentrated hydrochloric acid (50 c.c.), was 
poured on freshly prepared 4 per cent, sodium amalgam (350 
grams) in an enamelled iron basin, and the whole well stirred until 
the amalgam had been completely used. The product contained 
a colourless, satiny mass of needles, and enough boiling water was 
added to bring the whole into solution. After filtering, excess of 
ammonia was added, when a caseous mass separated, which was 
washed with a little cold water and digested with boiling water 
to dissolve out a quaternary salt which was present (see below). 
The residue was dissolved in boiling methyl alcohol, when, on 
keeping, glistening crystals separated which melted at 162—163°, 
and consisted of dihydroanhydrodihydrocryptopine (A), since the 
admixture with a specimen of this substance which had been pre¬ 
pared by the method described at the commencement of this section 
melted at 162—164°. The identity was confirmed by analysis. 

The aqueous ammoniacal filtrate from the base (4) deposited, 
on keeping, a considerable crop of a quaternary salt as 
a satiny mass of needles. This was collected and identified as 
fsodihydrocryptopine jS-chloride (934), since it did not melt at 
260°, and, when digested with methyl-alcoholic potassium hydr¬ 
oxide, } T ielded anhydrodihydrocryptopine (A), melting at 178°. 
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A/ 

CH 2 ' 

Dihydroisoanhydvadihvdrom ethyl crypi opine, j | 2 

' ‘ ‘ OH, NMe„ . 

Y '■ 

AYch:oh 2 

Tills beautiful substance is obtained wlien the metliosulphate of 
dihyd.roankydrodihydrocryptopine (4) is digested with methyl- 
alcoholic potassium hydroxide. The metliosulphate (3. grams) was 
dissolved in hot methyl alcohol (25 c.c.), mixed with methyl- 
alcoholic potassium hydroxide (20 c.c. of 20 per cent.), and heated 
to boiling in an open flask in such a way that there was consider¬ 
able concentration. The decomposition took place rather slowly, 
and, after fifteen minutes, the cloudy solution was mixed with 
water, when a gum separated which showed no signs of 
crystallisation on rubbing with methyl alcohol. The whole 
was extracted with pure ether, the ethereal solution carefully 
washed, dried over potassium carbonate, concentrated, and left in 
the ice-chest in a corked flask. For some days nothing separated, 
and then gradually splendid hard, colourless, brilliant prisms began 
to form, and increased considerably during three weeks: 

0T106 gave 0-2890 CO a and 0*0730 H,0. C = 71-2; B>7*3. 

0-1215 „ 0-3191 C0 2 „ 0-0803 TIgO. C=71'5; H = 7-4. 

C 22 H 27 0 4 N requires C = 71*5; H = 7'3 per cent. 

Bihy dr oisoanhydrodihy drome thylcrypt opine melts at 75—77°, 
and is very readily soluble in the usual solvents. The crystals have 
been examined by Miss M. W. Porter, with the following results : 



Dihydrohoanhydrodihydromethylcrypt&pim. 
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Tli© substance is raonoclinic witli axial ratios a: hi c — 0*6657; 1: 
0*6899, .6 —99°34 ; . The forms observed are: #(100), 1(210), 
S'(Oll), s( 212), £(232), w;(l21), and, very rarely, 5(010), which 
accordingly is not shown in Fig. 2. Three crystals were measured 
on the two-circle goniometer, and the mean measured and calcu¬ 
lated results are given below: 


Face. 

No. of 
readings. 

<p (Azimuth). 

Obs. Calc. 

p (Polar distance). 

Obs. Calc. 

a (100) 

6 

90° 9" 

90° O' 

90° 0" 

90° 0' 

b (010) 

1 

359 29 

0 0 

90 0 

90 0 

i (210) 

7 

*71 50 

— 

90 0 

90 0 

q (Oil) 

3 

*13 43 

— 

*35 23 

— 

* (212) 

2 

292 0 

291 32 

42 57 

42 13 

t (232) 

6 

320 1 

319 49 

53 10 

53 33 

w (121) 

4 

329 10 

327 39 

58 47 

58 31 


The salts of this "base are very readily soluble in water and show 
little tendency to crystallise. The platinichloride was obtained as 
a pale salmon, chalky precipitate on adding platinic chloride to 
the dilute solution of the hydrochloride: 

0*1171 gave 0*1981 C0 2 and 0*0518 H 2 0. 0 = 48*2; H = 4-9. 

0*2028 „ 0*0339 Pt.“ Pt=16*7. 

(C 22 H270 4 N) 2 ,H 2 PtCl 6 requires C=46*0; H,=4*9; Pt=16*9 per cent. 

The solution of a crystal of the base in glacial acetic acid gives, 
with sulphuric acid, a feeble brown coloration, and the addition of 
a drop of dilute nitric acid changes this to intense port wine. The 
raethosulphate is obtained by adding methyl sulphate (1 c.c.) to 
the solution of the base (1 gram) in benzene (5 c.e.), when there 
is distinct rise of temperature and a syrup separates, which gradu¬ 
ally crystallises, especially when triturated with ether. This sub¬ 
stance is so readily soluble and so badly characterised that no 
attempt was made to purify it for the purpose of analysis. Its 
aqueous solution gives no precipitate on the addition of ammonia. 


Dih?/clro-a-haeryptojiidal (947), 


X, 


/\/ 

CHyOH 

CEL 


•ch:oh„ 


This unsatisfactory substance is obtained from the methosulphate 
of dihydrofaoanhydrodihydromethylcryptopme by the action of 
methyl-alcoholic potassium hydroxide, trim ethyl amine being 
■'.elbninated. ' 
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The methosulphate (3 grams), dissolved in a. little methyl alcohol, 
was digested with methyl-alcoholic potassium hydroxide (30 c.c. 
of 25 per cent.) in an open flask heated just to boiling by means 
of a salt-solution bath for an hour, the temperature then being 
raised so that naost of the methyl alcohol distilled away and there 
was no further development of trimethylamine. The residue was 
mixed with water, the viscid precipitate dissolved in methyl alcohol, 
mixed with much ether, and the ethereal solution, washed with 
water until quite free from methyl alcohol. After drying over 
potassium carbonate and concentrating to a small bulk, nothing 
separated on keeping in the ice-chest for three weeks. The solu¬ 
tion was therefore evaporated, when a colourless syrup remained 
which gradually crystallised, and the buttery mass was left in con¬ 
tact with porous porcelain until dry, hut owing to the fact that 
the substance is so unusually readily soluble in the ordinary 
solvents and exhibits so little tendency to crystallise, no further 
purification was possible. After remaining over phosphoric oxide in 
a vacuum desiccator for a week, the following results were obtained 
on analysis: 

0*1255 gave 0-3201 C0 2 and 0*0798 EUO. C = 69*6; H = 6‘8. 

C 20 H 22 O 5 requires C'=70‘2; H —6*4 per cent. 

This result, coupled with its method of formation, clearly 
indicates that this substance is dihydro -ct-isocrypf opidol. 


Section ill (e). Dihydrnanhyd/rotelrahydrmnethyicryffiopine , 
OH. Me 

Y 

/S \OH 2 ‘OH 2 -NMe 2 

As explained on p. 725, this substance is obtained when the 
methosulphate either of tetrahydroanhydrofsoerypiopine (m. p. 
138°, p. 752) or dihydroanliydrodihydrocryptopine (A) (m. p. 
164°, p. 755) is reduced in alkaline solution by sodium amalgam. 

(i) Reduction of the Methosulphate of Teircthydroanhydroim- 
cryptopine. 

The solution of this substance (3 grams) in hot water (150 c.c.) 
is reduced only with considerable difficulty by sodium amalgam 
(150 grams of 3 per cent.) even on the steam-bath, but a colour- 
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less oil gradually separates. After the action had proceeded for 
two hours, the product was left in the ice-chest, when the oil 
solidified. The mass was well washed and dissolved in hot dilute 
hydrochloric acid, when, on cooling to 0° and rubbing, the hydro¬ 
chloride separated as a voluminous mass of needles. This salt, 
which is very sparingly soluble in dilute hydrochloric acid, hut 
readily so in water, was collected, washed with dilute hydrochloric 
acid, the cold aqueous solution mixed with ammonia, and the milky 
liquid extracted with ether. The ethereal solution, dried over 
potassium carbonate and concentrated, did not yield any ^crystals 
on remaining in the ice-chest for a week, hut on evaporating off 
the ether, the residual, colourless syrup suddenly crystallised in 
balls of needles. After leaving in contact with porous porcelain 
until traces of oily impurity had been absorbed, the colourless, 
crystalline residue was dissolved in methyl alcohol, in which it is 
very readily soluble, and the solution allowed to concentrate nearly 
to dryness over sulphuric acid in a vacuum desiccator. The mass 
of plates which separated was drained on porous porcelain and 
recrystallised from a very small quantity of light petroleum, in 
which tEe base is very readily soluble. 

(ii) Reduction of the Methosulphate of Dihydroanhydrodihydro- 
cryptopine (A). 

This process was carried out exactly as described under (i), when 
it was noticed that in the present case the oily base began to 
separate the moment the hot aqueous solution of the methosulphate 
was poured on the crushed sodium amalgam. The method of 
extraction and purification were the same as those described 
under (i). 

The careful examination of the bases obtained from (i) and (ii) 
showed that both consisted of dihydrocmhydrotetrahydromethyl- 
cryptopine, since both preparations melted at 60-—63°, and the 
mixture also melted at this temperature. The two analyses were 
made with specimens prepared according to (i) and (ii) 
respectively: : 

(i) 0-1126 gave 0-2935 C0 2 and 0*0798 H 2 G. C=7H; IT = 7*9. 

(ii) 0*1185 „ 0*3077 COg „ 0*0813 H 2 0. 0 = 70-9; H = 7*9. 

C 22 H 29 0 4 N requires C=71T; H = 7-8 per cent. 

This base is characterised by its ready solubility in the usual 
organic solvents; the salts are readily soluble in water, but spar¬ 
ingly so in dilute acids, and generally crystallise well. 

The hydrochloride, described above, is almost insoluble in cold 
dilute hydrochloric acid, and melts at 213°. It is very readily 
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soluble in warm glacial acetic acid, and also in boiling methyl 
alcohol, and separates from the latter in groups of needles. The 
addition of potassium iodide to the boiling methyl-alcoholic solu¬ 
tion of the hydrochloride gives a clear liquid, from which the hydr- 
iodide separates in stars of needles. It is comparatively readily 
soluble in boiling methyl alcohol, crystallises well, and melts at 
about 212°. The nitrate separates from dilute nitric acid, in 
which it is very sparingly soluble, as a felted mass of long hairs. 
The solution of a crystal of the base in a drop of acetic acid gives 
scarcely any coloration with concentrated sulphuric acid, but the 
addition of a drop of dilute nitric acid produces an intense brown, 
changing to deep cherry-red. 


Dlhydroanhydrotetrahydrometkylcryptopine Methosulphate, 
C 22 H 29 0 4 N,Me 2 S0 4 . 

This well-characterised derivative separates in needles when the 
solution of the base (2 grams) in benzene (20 c.c.) is mixed with 
methyl sulphate (2 c.c.). It was collected, washed with benzene, 
and dried in the steam-oven, when the glistening crystals became 
opaque and chalky: g 

0-1210 gave 0*2577 C0. 2 and 0*0747 H 2 0. 0=58*0; H=6-9. 

C 22 H 29 0 4 N,Me 2 S0 4 requires 0=57-9; H = 7*0 per cent. 

This methosulphate melts at 165—167°, without evolution of 
gas, to a colourless syrup, and is readily soluble in methyl alcohol 
or water. 

The boiling aqueous solution gives, on the addition of potassium 
bromide, a milky liquid, from which the methobromide gradually 
separates in long, well-developed, four-sided, prismatic needles with 
flat ends. 

The methiodide is obtained by adding boiling dilute potassium 
iodide to the boiling dilute aqueous solution of the methosulphate, 
when the clear solution, on rubbing, deposits tufts of needles: 

0-1158 gave 0*2286 C0 2 and 0*0657 H 2 0. C=53*8; H = 6*2. 

C2 S H 29 0 4 N,MeI requires C=53-8; H = 6*2 per cent. 

The dry substance is a satiny mass which darkens at about 230° 
and melts at about 240° with very little decomposition. 
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CH„ Me 

I 

Dihydro cryptopidene, CH 2 



/\oh:oh 2 

This fine substance is obtained when the methosulphate of 
dihydroanhydrotetrahydromethylcryptopine is decomposed by 
methyl-alcoholic potassium hydroxide. The methosulphate 
( 1 . gram) dissolves readily in warm methyl-alcoholic potassium 
hydroxide (10 c.c. of 20 per cent,), and trimethylamine is readily 
eliminated. After boiling for .fifteen minutes, the bulk of the 
methyl alcohol was distilled off, during which the liquid clouded, 
and, on adding water, a milky liquid was obtained, which was 
extracted with much ether. The ethereal solution was thoroughly 
washed, dried over anhydrous potassium carbonate, and rapidly 
filtered, when the new substance began to separate immediately 
as a voluminous mass of soft needles, and a further quantity was 
obtained from the concentrated ethereal solution. Tor analysis, 
the substance was recrystallised from ether: 

0-1083 gave 0-2932 CO a and 0-0673 H 2 0. C = 73'8; H;=Cr9. 

G 20 H 23 O 4 requires C=73-6yH = 6-7 per* cent. 

Dihydrocryptopidene melts at 126—128°, or almost at the sain© 
temperature as cryptopidene (m. p. 124° j compare 926), but the 
mixture of the two. substances softens at 105° and is almost com¬ 
pletely melted at 108°, so that there can be no question of identity. 
Moreover, the ethereal solution of dihydrocryptopidene exhibits to 
only a very slight degree the beautiful lilac fluorescence so charac¬ 
teristic of cryptopidene. Dihydrocryptopidene is unusually spar¬ 
ingly soluble even in boiling methyl alcohol, and separates as a 
voluminous, woolly mass of needles which fill the entire liquid. 
The solution of the substance in acetic acid is coloured at first pale 
brown and then deep cherry-red by sulphuric acid, and a drop of 
dilute nitric acid changes the colour to intense brown. 
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Eetodihydrocryptoyndene (I) and Dihydrocry piopidenic Acid (II), 


/Y/ 

CO Me 

I 

OH., 

Y * 

Y\ch:CH 2 

(I.) 


YYY 

CH„ Me 


and 


OH, 

Y ‘ 

(31.) 


These interesting substances are produced when dihydrocrypto- 
pidene is oxidised in acetone solution with permanganate. The 
substance (2 grams), dissolved in acetone (150 c.c.), was gradually 
mixed with finely divided permanganate (3 grains) at the ordinary 
temperature, when, contrary to expectation, oxidation took place 
rapidly and with the development of so much heat that cooling 
was necessary in order to keep the temperature below 15°. The 
product was filtered, the manganese precipitate (A) washed 
thoroughly with acetone, and the acetone distilled off, when an 
almost colourless syrup (0‘9 gram) remained, which immediately 
commenced to crystallise, and crystallisation was much hastened 
by triturating with methyl alcohol. The product was several times 
recrystallised from, methyl alcohol in order to remove traces of 
unoxidised dihydrocryptopidene: 

0-1151 gave 0-2987 CO ? and 0*0647 H 2 0. C=70*8; H = 6-2, 
C?.o H 2g0 5 requires C = 70’6; H = 5'9 per cent. 

Ketodihydrocryptopidene melts at about 116°, but this melting 
point is probably not quite accurate, owing to the difficulty of 
removing the last traces of dihydrocryptopidene. It is characterised 
by the intense purple coloration which a trace, dissolved in a drop 
of acetic acid, yields on mixing with much sulphuric acid, and this 
colour changes to brown on the addition of a drop of dilute nitric 
acid. When concentrated nitric acid is poured on a trace of the 
substance rubbed on a watch-glass, a blue solution is produced, 
and, on warming, a dark green mass separates. Ketodihydro¬ 
cryptopidene does not yield an acetyl derivative when it is boiled 
with acetic anhydride and anhydrous sodium acetate, since the 
unchanged substance separates on the addition of •water. 

The Semicarbmcme .—This derivative was prepared by boiling 
the alcoholic solution of crude dihydrocryptopidene (as directly 
obtained from the oxidation of dihydrocryptopidene) with a large 
excess of a concentrated aqueous solution of semicarbazide acetate 
for an hour. 
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On the addition of water,• a caseous mass was precipitated, which 
was separated into tile semicarbazone and dihydroeryptopidene by 
recrystallisation from methyl alcohol. The semicarbazone is 
sparingly soluble in methyl alcohol, and crystallises as a voluminous 
mass of needles melting at about 185—190°: 

0-1509 gave 13*2 c.c. N 2 at 12° and 766 mm. N = 10*2. 

C 2 iH 23 0 5 N 3 requires N —10-6 per cent. 
Dihydrocryptopidenic Acid .—The manganese precipitate (A. , 
see above) from the oxidation of dihydrocryptopidene was extracted 
with boiling water, the brown extract boiled with animal charcoal, 
and acidified, when a viscid acid separated, which gradually 
hardened and immediately became crystalline on rubbing with 
glacial acetic acid. This was collected, drained on porous porce¬ 
lain, and dissolved in boiling glacial acetic acid, from which the 
new acid separated in long, prismatic needles. 

The recrystallised acid yielded the following analytical results : 
0-1045 gave 0*2522 C0 2 and 0*0572 H 9 0. C = 65-S; H = 6*l. 
0-1142 „ 0*2777 C0 2 „ 0*0627 H 2 0. C=66*2; H = 6*l. 

C 19 H 2 q0 6 requires C=66*3; H = 5*8 per cent. 

Dihydrocryptopidenic acid melts at 194—195°, and is sparingly 
soluble in cold methyl alcohol, but dissolves more readily on boil¬ 
ing, and crystallises in stars of slender needles; it is almost in¬ 
soluble in cold water. The solution in glacial acetic acid gives, 
with sulphuric acid, an olive-brown coloration, which becomes 
redder on the addition of a drop of dilute nitric acid. When con¬ 
centrated sulphuric acid is poured on a trace of the acid rubbed 
on a watch-glass, an intense green colour is produced, which soon 
changes to purplish-brown, and a green precipitate separates on 
the addition of water. Concentrated nitric acid does not give a 
colour reaction with the acid. 

The sodium and potassium salts of the acid are readily soluble 
and give with hydrochloric acid a gelatinous precipitate, which 
only very gradually becomes crystalline. The titration with 
Mf 10-sodium hydroxide did not give very accurate results, owing 
to- the uncertainty of the end-point. In one experiment, 0*308 
neutralised 0*0385 NaOH, whereas this amount of a monobasic 
acid, C 19 H 20 O 6 , should neutralise 0*0359 NaOH. 

The Anilide, C' 18 H 19 0 4 *C0*NH*C 6 H 5 .—This derivative was pre¬ 
pared mainly with the object of controlling the composition of the 
acid. The acid was warmed with excess of freshly distilled phos¬ 
phorus trichloride at 60—70°, when it dissolved completely and 
with very little discoloration. The excess of the trichloride was 
then distilled off under reduced pressure and the residue mixed 
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with much dry ether and excess of aniline. The ethereal solution 
was washed with very dilute hydrochloric acid, then with water, 
and the ether evaporated, when a crystalline residue was obtained 
which was digested with dilute ammonia in order to remove any 
traces of unchanged acid. Finally, the anilide was recrystallised 
from glacial acetic acid, from which it separated in glistening 
needles melting at about 185°: 

0-1128 gave 0'2953 C0 2 and 0-0597 H 2 0. C = 71*4; H = 5'9. 

C 25 H 2 50 5 N requires C = 71‘6j 1T = 6‘0 per cent. 


Section IV. 


The Quaternary Salts of xp-Cry-ptopine. 

During the course of this investigation, it has been necessary on 
several occasions to make a close comparison of certain quaternary 
salts, thought to be new, with the corresponding quaternary salts 
of ^-cryptopine, and this has necessitated a more accurate charac¬ 
terisation of the latter than had been made in Fart I. of this 
research (984). 

The following is a brief account of the principal properties of 
these interesting salts. 
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The formation of this salt from anhydrocryptopine methosulphate 
by boiling with concentrated hydrochloric acid has already been 
described (984), but the method of preparation there recommended 
may be simplified in the following manner. Anhydrocryptopine 
methosulphate (10 grams) is mixed in a small flask with concen¬ 
trated hydrochloric acid (20 c.c.), gently warmed until solution is 
complete, and the whole boiled for five minutes in such a way 
that about a third of the hydrochloric acid escapes; the pale brown 
syrup is then mixed with two volumes of boiling water. On 
remaining in the ice-chest, the liquid becomes filled with needles 
of ^-cryptopine chloride, which is collected, washed with dilute 
hydrochloric acid, and recrystallised from this solvent. The yield 
is about 60 per cent, of that theoretically possible, and a further 
small quantity may be obtained by allowing the brown mother 
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liquor to concentrate over solid potassium hydroxide in a vacuum 
desiccator. The remaining mother liquor contains a considerable 
quantity of quaternary salt, the nature of which has not been 
established. When ^-cryptopine chloride is dried at 100° until 
it has lost its water, of crystallisation, the residue is much dis¬ 
coloured and sometimes brick-red; there was therefore a possi¬ 
bility that the original analysis of the anhydrous chloride was un¬ 
trustworthy. Further analyses leave, however, no doubt that the 
chloride has the formula C 21 H 22 0 4 NC1 originally assigned to it, 
and this is confirmed by the analyses of the iodide, C 2]L H 22 Q 4 ]NI, 
the bromide, CgiHooC^NBr, and the platinichloride, 
(C 21 H 22 0 4 N) 2 PtCl 6 . . 

In order to determine the actual composition of the crystallised 
chloride, two specimens were repeatedly crystallised from dilute 
hydrochloric acid and left on watch-glasses in the dark until the 
weight was constant. The substance melted at 117—120° with 
evolution of steam, solidified again, and then melted at about 
150—152°, with evolution of gas, to an orange-red froth. The 
determination of the water of crystallisation was made by drying 
in the steam-oven in the case of (a) and (&), and the analysis (c) 
was done with substance which had been dried over phosphoric 
oxide in a vacuum desiccator, when the whole of the water was 
thereby removed with scarcely any discoloration: 

0) 0-1.389 lost 0*0290. H 2 O=20*9. 

(V) 0*8106 „ 0*1628. H 2 0 = 21*l. 

(c) 0*1099 gave 0*2611 C'0 2 and 0*0593 H 2 0. 0 = 64*6; H = 6*Q. 

C 21 H 22 0 4 Nd,6H 2 0 contains li 2 0=21 *7 per cent. 

C 21 H 22 0 4 NC1 requires 0=65*0; H = 5*7 per cent. 

Dry t/'-cryptopine chloride crystallises from anhydrous methyl 
alcohol, in which it is readily soluble, in clusters of needles which, 
when heated at 100°, become opaque, and the anhydrous residue 
darkens at 190°, is very dark at 205°, and melts at 210° with 
effervescence to a black froth: ■ 

0*1048 gave 0*2498 C0 2 and 0-0556 H 2 0. C = 65-0; 11=5-9. 

O^O.NOl requires 0=65*0; H = 5*7 per cent. 

In addition to the remarkable colour changes already recorded 
(985), it may be mentioned that the solution of ^-cryptopine 
chloride in dilute sulphuric acid gives a reddish-violet on dusting 
in finely divided manganese dioxide, and an intense cherry-red 
develops on boiling. 

A series of experiments on the action of dilute hydrochloric acid 
on anhydrocryptopine methosulphate was made with the object of 
determining whether this substance would behave towards dilute 
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acids in a maimer similar to that which leads, under these con¬ 
ditions, to the formation of the hydroxyisoanhydrodihydrocrypto- 
pines from anhydrocryptopine itself (994). 

The unexpected result was, however, obtained that, even when 
boiled with dilute hydrochloric acid, anhydrocryptopine nietiio- 
sulphafce loses an if-methyl group and yields ^-cryptopine chloride. 
Thus the methosulphate (2 grams), heated on the steam-bath for 
forty minutes with concentrated hydrochloric acid (2 c.c.) and 
water (5 c.c.), gives a deep yellow solution. On keeping in the ice- 
chest, this deposits a mass of needles which, on examination and 
analysis, proved to he ^-cryptopine chloride. 

xp-Gryptopine Bromide, Csii^C^NBr.—In preparing this charac¬ 
teristic salt, carefully purified ^-cryptopine chloride, dissolved in 
boiling water, was mixed with a large excess of boiling potassium 
bromide, when a clear solution resulted, from which microscopic 
needles soon separated. The bromide was collected, recrystallised 
from dilute potassium bromide, and then once from water. The 
air-dry salt contains apparently 5H 2 0, all of which is lost at 95°: 

0-1165, heated at 95°, lost 0‘0204. H 2 0 = 17-6. 

0-1165 gave 0*2476 C0 2 and 0-0533 H 2 0. C=58-0; H = 5-l. 

C 21 H 22 0 4 NBr,5H 2 0 contains H 2 0==17*2, and C 21 H 22 0 4 NBr 
requires 0 = 58-3 and H = 5T per cent. 

This bromide exists in well-defined, dimorphic forms. The 
needles (A) from water, dried at 90°, melt with decomposition at 
about 130—135°| solidification then takes place, and the next 
melting point observed is about 230° with effervescence to a 
reddish-brown froth. When the anhydrous substance (d.) is boiled, 
with ethyl or methyl alcohol, it dissolves, and the solution now 
.eposits well-developed prisms (B), which become opaque in the 
steam-oven. * 

The modification (B) melts at about 245° with vigorous efferves¬ 
cence to a reddish-brown froth, and crystallises particularly well 
from glacial acetic acid as a mass of glistening, sulphur-yellow 
prisms, which Mr. T. V. Barker has described as follows. The 
macroscopic crystals are strongly doubly refracting, stout, 
rectangular prisms with straight extinction. In convergent light, 
an optic axis nearly central. When crystallisation is rapid, there 
is a marked tendency to form lenticular crystals having diagonal 
extinction. The modification (A) becomes slate-coloured on ex¬ 
posure to light, and is comparatively readily soluble in bailing 
water, yielding a nearly colourless solution which gelatinises on 
rapid cooling. Modification (2?) is sparingly soluble in. hot water, 
and becomes deep salmon on exposure to light. Both modifications 
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give the remarkable colour reactions which have been described in 
detail in the case of the corresponding chloride (985). 

i ^-Cryptopine Iodide, C 21 H 22 0 4 NL—This substance has been 
described (984) as a glistening mass of scales melting at 232-—235°. 

During the preparation of larger quantities, it was observed that 
this iodide exists in dimorphic modifications (A) and (B), melting 
at 225—227° and 240—242° respectively. When, a hot solution 
of ^-cryptopine chloride is mixed with hot dilute potassium iodide, 
a heavy, crystalline precipitate separates, which becomes brick-red 
at 220°, melts at 232—235°, and consists of modification (4). It 
may be recrystallised from, methyl alcohol, if the operation is 
rapidly carried out, and is obtained in fiat, prismatic needles. 
When, however, it is boiled for a considerable time with methyl 
alcohol insufficient completely to dissolve it, the needles gradually 
give place to short, well-defined prisms which are exceedingly 
sparingly soluble even in boiling methyl alcohol, melt at 240—242°, 
and consist of modification ( B ). This modification is also sparingly 
soluble in boiling glacial acetic acid, and separates in iridescent, 
yellow scales resembling lead iodide, and these, under the micro¬ 
scope, are seen to consist of flat prisms with truncated ends. 

-Crypto pine Hydrogen Sulphate, C 21 H 22 0 4 N,HS0 4 .—This 
quaternary salt is obtained when anhydroeryptopine methosulphate 
(5 grams), dissolved in water (13 c.c.) and sulphuric acid (2 c,e.), 
is heated for two hours on the steam-bath. On remaining in the 
ice-chest, the deep yellow solution deposits a crystalline mass which, 
under the microscope, is seen to consist of warts and to be quite 
homogeneous. 

This was collected, recrystallised from dilute sulphuric acid, in 
which it is rather sparingly soluble, washed twice with a little 
water, and drained on porous porcelain. It was then recrystallised 
from a little water and dried in the steam-oven: 

0-1116 gave 0*2315 C0 2 and 0*0530 H 2 0. C = 56"5; 11 = 5*3. 

C 2 iH 22 0 4 N,HS0 4 requires C=56*1; 11 = 5*1 per cent. 

$-Cryptopine hydrogen sulphate becomes yellow at 180°, deep 
yellow at 200°, and decomposes at about 215—220° to an orange- 
red froth. 

It exhibits in a very striking manner the characteristic colour 
reactions described in detail in the ease of ^-cryptopine chloride 
(985). The relationship of the sulphate to the latter is also 
evidenced by the fact that, on precipitation with potassium 
iodide, both yield the (4) and (B) modifications of ^-cryptopine 
iodide (see above). A rather concentrated solution of the sulphate 
gives, on the addition of dilute nitric acid, an immediate chalky 
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precipitate of the nitrate; this dissolves on warming and separates 
in a highly characteristic manner, namely, as an iridescent mass 
which, under the microscope, is seen to consist of thin, lenticular 
or boat-shaped plates. 


Section 7F(a). The Reduction of ^-Cryptopine Chloride in 
Alkaline Solution: Formation of if-A n hydrodihydro cryp topin e 

A) ( 341 ), 
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When ^-cryptopine chloride (2 grams),* dissolved in water 
(100 c.c.) and rendered slightly alkaline by the addition of sodium 
hydroxide, is placed on crushed sodium amalgam (50 grams of 
4 per cent.) and the whole heated on the steam-bath, a viscid has© 
soon commences to separate, which gradually crystallises and 
ultimately becomes quite hard. When the separation was com¬ 
plete, the base was collected, thoroughly washed, dissolved in 
methyl alcohol, mixed with much ether, and the solution washed 
until free from methyl alcohol, during which a small quantity of 
a slimy, quaternary salt separated, which was not examined. After 
filtering and drying over potassium carbonate, the claret-coloured 
solution was concentrated considerably and left in the ice-chest, 
when a thick crust of pale brown prisms gradually separated, which 
were collected and washed with ether. The mother liquor was 
evaporated, and the residual purplish-brown syrup mixed with 
methyl alcohol and nucleated with a crystal from the first crop, 
when it immediately began to- crystallise, and, after collecting and 
washing with a little methyl alcohol, a considerable pale brown, 
crystalline mass remained. The combined crops: were recrystallised 
from methyl alcohol, from which the new substance separates 
splendidly in short, glistening needles growing to stout prisms: 
0*1240 gave 0*3255 C0 2 and 0*0728 H 2 0. C = 71*5; H'=6*5. 

Q>iH 23 0 4 N requires C=71*4; H = 6*5 per cent. 

* Not more than 2 grams should bo employed and the experiment should 
be conducted as rapidly as possible, otherwise the product will be very dark 
coloured owing to the formation of a black base due to the action of the alkali 
on ^-cryptopine chloride (985). 
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Tli© prisms have been measured by Mr. T. V. Barker. 

The platy crystals of this substance belong to- the monoclinic 
system. Crystallographic constants: SIPS', #(73 c 13 / )m(16 0 47 / )&, 
43°13 ; , 74-°18 / , or, alternatively, a : b : c = 3*446 : 1: 2*598, 

j8~105°42'. The habit of the crystals is shown in Fig. 3, the 
observed forms being <z(100), c(001), r(101), o'(lll), and o(lll). 
Two crystals were measured on the two-circle goniometer, with the 
following results: 

a(100). c(001). r(101). o'(Tll). o(lU). 

Azimuth Face of 90° 0' 90° O' *21° 3' 21°17 / (21°3') 

. Polar distance reference *74 18 *116 40 100 18 (100°14') 69 29 (69 4 ) 

Determinants: 121/151/101. Complex-symbol: 3d; —1/691 /— 

Optically, the extinction on #(100) is parallel with the edge ac. 
In convergent light, a wide biaxial figure is visible through a, 
indicating- the symmetry plane as plane of the optic axes. 



^-AnhydrodihydTQcryftoidne (A) melts at 112°, and is very 
readily soluble in benzene, ether, or acetone, but sparingly so in 
light petroleum. 

The solution of a trace in a drop of acetic acid gives, with 
sulphuric acid, a deep orange-red coloration, and the addition of a 
drop of dilute nitric acid changes this to crimson, which becomes 
more intense on warming. A trace rubbed on a watch-glass is 
coloured deep brown by concentrated nitric acid. The hydro¬ 
chloride and sulphate of the base are readily soluble and exhibit 
little tendency to crystallise, but the nitrate is characteristic. This 
salt is obtained, when the base is rubbed with dilute nitric acid, as 
a crystalline mass very sparingly soluble in cold dilute nitric acid; 
it dissolves, however, on warming and separates in stars of long, 
thin plates. The sparing solubility and tendency to crystallise of 
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this salt have been made use of, with success, in purifying dark- 
coloured specimens of the crude base. The solution of the sulphate 
gives, on the addition of potassium iodide, a milky liquid, from 
which the iodide separates on rubbing, and crystallises from water, 
in which it is rather readily soluble, in six-sided prisms. 

The Methosulphate, C 21 H 2a 0 4 N,Me 2 S0 4 .—The solution of 
j/'-anhydrodihydrocryptopine (A) (2 grams) in warm benzene reacts 
readily with methyl sulphate (2 c.c.) with considerable rise of 
temperature, and, if a crystal of the methosulphate is introduced 
and the whole allowed to remain in the ice-chest, a hard crust of 
nodules separates. If a crystal is not available, the methosulphate 
generally separates as a syrup, which, however, after washing with 
ether and stirring with ether, rapidly crystallises. For analysis, 
the substance was recrystallised from water, in which it is readily 
soluble; it separates in groups of short, prismatic needles: 

0*1177 gave 0*2460 0O 2 and 0*0646 H 2 0. C=57*l; H = 6*L 
C 21 H 23 0 4 N,Me 2 S0 4 requires C = 57*6; 11 = 6*1 per cent. 

ip-A nhydrodi hydro cryp t opin e (A) methosulphate melts at 
175—180° with some effervescence, but without darkening; the 
solution of a trace in acetic acid gives with sulphuric acid a deep 
burnt sienna coloration, becoming intense permanganate on the 
addition of a drop of dilute nitric acid. It is readily soluble in 
hot methyl alcohol, and when boiled with methyl-alcoholic 
potassium hydroxide, the solution becomes deep violet, especially 
where it comes in contact with the air; the colour then changes 
to bluish-violet, then to sage-green; the addition of hydrochloric 
acid destroys the green colour and yields a clear, burnt sienna 
solution. • 

The Methiodide, C 2 jH 23 0 4 N,MeI.-—The addition of hot dilute 
potassium iodide to the hot dilute solution of the methosulphate 
results in a clear solution, from which the methiodide immediately 
begins to separate in well-developed, six-sided prisms with bevelled 
edges: 

0*1172 gave 0*2315 C0 2 and 0*0602 H 2 0. C = 53*9; 11 = 5*7. 

C 21 H 23 0 4 N,Mel requires C=53*3; H"5*3 per cent. 

ip-Anhydrodihydro cryptopine methiodide is sparingly soluble in 
boiling methyl alcohol, and separates in long, prismatic needles 
radiating from a centre. It melts at 197—200°, with vigorous 
effervescence to a yellow froth. 

Oxidation of ip-Anhydrodihydrocryptopine (A).—When this base 
(2 grams) was treated in acetone solution with powdered per¬ 
manganate (2*5 grams), it was noticed that oxidation was slow, 
and, on working up the product, about half the substance was 
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recovered unchanged. The aqueous extract from the manganese 
precipitate yielded, on concentrating and acidifying, a small 
quantity of a highly coloured acid resembling amorphous phos¬ 
phorus, and this did not appear to contain any 5:6-methylene-- 
dioxy-o-toluic acid (compare p. 728). 

ch:c-I x/ 

xp -Cryptopidene, j Me . 

This characteristic substance is produced directly from ^-anhydro- 
dihydrocryptopin© (A) methosulphate by reduction with sodium 
amalgam in faintly alkaline solution. The methosulphate 
(8 grams), dissolved in hot water (200 c.c.), was pouted on crushed 
sodium amalgam (150 grams of 3 per cent.) in a flat basin, when, 
on heating on the steam-bath, there was an immediate odour of 
dimethylamine, and a crystalline scum began to rise to the surface. 
After about half an hour, there was no further separation; the 
whole was therefore filtered, and the colourless, crystalline residue 
washed and re crystallised from methyl alcohol. The yield appeared 
to be almost that theoretically possible: 

0-1121 gave 0*3052 C0 2 and 0*0628 H 2 0. 0 = 74*2; H:=6*2. 

C 20 H 20 O, requires C = 74*1; H = 6*2 per cent. 

xp-Gryptopidene melts at 142—144°, and cannot be identical with 
«.m-^-cryptopidene (m, p. 152°, p. 776), since the mixture of the 
two substances melts at about 130—132° with previous softening. 
It is sparingly soluble in cold methyl alcohol, but dissolves more 
readily on boiling, and separates in groups of nearly colourless, 
glistening needles. It dissolves readily in boiling alcohol, benzene, 
acetone, or acetic acid, but is sparingly soluble in ether or light 
petroleum. It crystallises well from light petroleum in six-sided 
plates, and from acetone or dilute acetic acid in needles. The 
solution of a trace in acetic acid gives, with sulphuric acid, a burnt 
sienna coloration which, on the addition of a drop of dilute nitric 
acid, becomes deep brown. Concentrated nitric acid dissolves the 
substance to a deep brown solution, which gradually fades. A 
crystal of the substance dissolved in acetic acid gives, with man¬ 
ganese dioxide and dilute sulphuric acid, an intense brown solution. 

^-Cryptopidene does not appear to be reduced when its solution 
in boiling alcohol is treated with sodium (compare p. 745). 

Oxidation of xp-Gryptopidene.~~In this experiment, the substance 
(3*5 grams), dissolved in acetone (200 c.c.), was oxidised by the 
gradual addition of finely powdered permanganate (5 grams) at 
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the ordinary temperature. The product was filtered, and the man¬ 
ganese precipitate, after thoroughly washing with acetone, 
extracted with boiling water. The brown, alkaline extract was 
nearly neutralised, boiled with animal charcoal, concentrated, and 
acidified, when an acid (0-5 gram) separated which crystallised 
from acetic acid in needles, melted at 214—216°, and was recog¬ 
nised as 5:6-methylenedioxy-o-toluic acid (916). The acetone 
extract from the oxidation yielded, on evaporation, a syrupy mass 
(2*9 grams), which, when rubbed with methyl alcohol, immediately 
crystallised. After filtering and leaving in contact with porous 
porcelain, the yellow mass was once crystallised from methyl 
alcohol, when it separated in pale yellow needles melting at about 
128°. On careful fractional crystallisation from methyl alcohol, 
three distinct kinds of crystals were observed; these were mechanic¬ 
ally separated, and each kind was recrystallised. The three con¬ 
stituents were found to be (i) unchanged ^-cryptopidene melting 
at 140—142°; dioxy-xp-c?'yptopidene, C 2 oH 18 O c , melting at 
138—140° and crystallising in light, woolly halls; trioxy-xp- 
cryptopidene , C 20 H 18 O 7 , melting at 165° and crystallising in hard, 
single, sulphur-yellow prismatic needles. 

The analysis of dioxy-xp-cryptopidene yielded the following 
results: 

0*1071 gave 0-2640 C0 2 and 0-0481 H 2 0. C = 67-2; H=5-2. 

C 20 H 18 G 6 requires C = 67-8; H = 5"l per cent. 

The solution of a trace of this substance in acetic acid gives with 
sulphuric acid an intense brown coloration, becoming purplish- 
brown and then cherry-red on the addition of a drop of dilute 
nitric acid. It reacts readily when its solution in methyl alcohol 
is boiled with excess of semicarbazide hydrochloride and sodium 
acetate, and a crystalline precipitate of the semicarbazcnie separates 
which is very sparingly soluble in methyl alcohol. 

Found: 17=11-3. 

C 21 H 21 0 6 N 3 requires N = 10-2 per cent. 

The behaviour of dioxy-^-cryptopidene towards alkalis resembles 
that of benzoin or benzil. Methyl-alcoholic potassium hydroxide 
does not immediately colour the substance, but gradually a reddish- 
brown develops, and, on warming, this becomes intense reddish- 
brown, then pink, and then gradually fades. 

The product, diluted with water, yields a pale brown solution, 
and hydrochloric acid precipitates an amorphous acid which, on 
warming, becomes crystalline. 

Trioxy-xp-cryptopidene (m. p. 165°) yielded the following 
analytical results: 
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0-1070 gave 0'2539 C0 2 and 0*0478 H 2 0. C^64*7; H = 5-Q. 

G 20 H 18 O 7 requires C = 64'9; H = 4*9. per cent. 

.The acetic acid solution of a trace of this substance is coloured 
yellowish-brown by sulphuric acid, and the addition of a drop of 
dilute nitric acid changes this first to port-win© colour and then 
to intense burnt sienna. It also reacts very readily when its solu¬ 
tion in boiling methyl alcohol is mixed with excess of a saturated 
aqueous solution of semicarbazide hydrochloride and sodium 
acetate, and a voluminous, rather gelatinous precipitates separates 
which appears to b© the disemicarbazone mixed probably with 
some of the mono-derivative. 

Found: N = 15*7. 

C 21 H 2l 0 7 N 3 requires N = 9’8; CogH^OyNg requires 1ST=17*3 per 

cent. 

Trioxy-^-cryptopidene, lit© the corresponding dioxy-derivative 
(see above), exhibits the benzil reaction in a striking manner. 
The powdered substance is rapidly coloured brown when mixed 
with methyl-alcoholic potassium hydroxide, and dissolves to an 
intense reddish-brown solution, which becomes pink in contact with 
air, and then soon fades, hut not completely. The solution of the 
product in water is pale salmon, and yields a brick-red, crystalline 
precipitate on the addition of dilute hydrochloric acid. 

Constitutional formulas which appear to be in harmony with the 
properties of dioxy- and trioxy-^-cryptopidene are suggested on 
p. 729. 


Section JF(b). The Reduction of tfi-Gryplopinc Chloride in Acid 
Solution : Formation of Dihydrmnhydro-ifr^ryptopmc (I) and 
-Cryptopidene (II), 
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In studying this curious reduction, ^-cryptopine chloride 
(5 grams), dissolved in water (80 c.c.) and concentrated hydro¬ 
chloric acid (15 c.c.), was treated at the boiling temperature, in 
an enamelled iron basin, with sodium amalgam (200 grams of 4 
per cent.), which was added all at once. The whole was well 
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stirred during the reduction, and care was taken, by frequently 
adding small quantities of hydrochloric acid, that the liquid was 
always strongly acid. During the process, a white, crystalline, 
insoluble substance (iso -tp-cryptopidene) separated in quantity equal 
to about 8 per cent, of the ^-cryptopine chloride employed; this 
was collected, and its examination is described on p. 776. 

The acid filtrate from this neutral substance was mixed with 
excess of ammonia, when a caseous precipitate separated which, 
on shaking, became chalky, and this was collected, washed, and 
drained on porous porcelain. The nearly colourless mass was dis¬ 
solved in methyl alcohol and poured into a large volume of ether, 
when a floeculent precipitate of unchanged ^-cryptopine chloride 
separated, which was collected and well washed with ether. The 
pale brown ethereal filtrate was washed with water until free from 
methyl alcohol, dried over potassium carbonate, and concentrated 
to a small bulk, but nothing separated after remaining in the ice- 
chest for a week. When the ether was evaporated, a syrup 
remained which, over phosphoric oxide in a vacuum desiccator, 
became a friable mass like colophony, and consisted of almost 
pure dihydroanhydro-ip-cryptopine: 

0-1265 gave 0*3271 C0 2 and 0*0806 H 2 Q. C = 7Q-5; H = 7*0. 

C 21 H 25 0 4 N requires C== 71-0; H=7*0 per cent. 

All attempts to obtain this base in a crystalline condition were 
unsuccessful, and it is fortunate that it yields a characteristic 
-pierate which separates as a deep ochreous, amorphous precipitate 
when picric acid is added to the aqueous solution of the hydro¬ 
chloride. This double salt melts under boiling water, and is 
sparingly soluble in boiling methyl alcohol, from which it separates 
in deep orange leaflets. After drying in the steam-oven, the sub¬ 
stance becomes yellow at 110°, shrinks at 180°, and melts at about 
195—197° , to a reddish-brown syrup: 

0*1021 gave 8*7 c.e. N 2 at 13° and 755 mm. N = 10*0. 

C 21 H 25 0 4 N,C 6 H 3 0 7 N 3 requires N = 9*6 per cent. 

This picrate was decomposed by ammonia, the base extracted 
with ether, the ethereal solution washed, dried over potassium 
carbonate, evaporated, and the syrup left over phosphoric oxide 
in a vacuum desiccator until it became a friable resin and the 
weight was constant. The analysis then yielded O=70'9> 
BL^ T'O, agreeing well with the formula which requires 

C s= 71' 'Q ; H = 7- 0 per cent. 

Oxidation of Dihydroanhydro-ip-crypiopine. —When the solution 
of the'base (1 gram) in acetone is treated with finely divided per- 
d manganate ' (1-2 grams), oxidation takes place moderately readily 
at 15°, 
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The manganese precipitate, after thoroughly washing with 
acetone, yielded on extraction with hot water a deep brown solu¬ 
tion, from which hydrochloric acid precipitated a dark, resinous 
acid. This was collected, boiled with much water, the extract 
decolorised with animal charcoal, neutralised with sodium 
carbonate, and evaporated to a small bulk. 

On acidifying the nearly colourless solution, a chalky acid 
separated, which crystallised from acetic acid as a colourless, satiny 
mass, melted at 214—216°, and was recognised as 5:6-methylene - 
dioxy-o-toluie acid, CH 2 ‘.0 2 *C 6 H 2 Me*C0 2 H (916). The acetone 
solution from the oxidation deposited a syrup on evaporation which 
was only partly soluble in warm dilute hydrochloric acid, but the 
amount was too small for further investigation. 

iso-t/'- Cryptopidene , C 2 oH 20 0 4 .—The neutral substance formed 
during the reduction of ^-cryptopine chloride (see above) was well 
washed, dried on porous porcelain, and twice recrystallised from 
methyl alcohol: 

0*1047 gave 0-2838 C0 2 and 0*0598 H a O. C-73-9; H = 6*3. 
0*1023 „ 0*2768 C0 2 „ 0*0553 H 2 0. C = 73*8; H = 6-0. 

C2qIT 2 o 0 4 requires C = 74T; H = 6*0 per cent. 

iso-xp-Gryptopidene melts at 150—152°, and is moderately soluble 
in boiling methyl alcohol, from which it crystallises in glistening 
plates resembling benzoic acid. It dissolves readily in benzene, 
but is almost insoluble in light petroleum, and separates, when the 
hot solution in benzene is mixed with light petroleum, in thin, 
rhombic plates. 

It also crystallises well from acetone in almost square plates with 
bevelled edges. It is readily soluble in boiling glacial acetic acid, 
much less so in the cold, and separates splendidly as a satiny mass 
of thin, rectangular plates. The solution of a crystal in a drop 
of acetic acid gives, on the addition of sulphuric acid, a deep brown 
coloration, which becomes much more intense on adding a drop 
of dilute nitric acid. 

A trace of the substance rubbed on a watch-glass dissolves in 
concentrated nitric acid, and the intense indigo-blue coloration 
produced soon changes to brown. The most characteristic reaction 
of the substance is the intense pink colour, changing to brown, 
which develops when finely powdered manganese dioxide and a 
little dilute sulphuric acid is added to the solution in dilute acetic 
acid. sso-^-Cryptopidene does not appear to be readily reduced 
when its solution in boiling alcohol is treated with sodium. 

Oxidation of -Crypt opidene to Ketocbiliydroho-xp-crypto- 
pidene.—iso- t/'-Cryptopidene is scarcely attacked when its solution 
in acetone is mixed with permanganate at —10°, and action is 
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very slow even at the ordinary temperature. In order to study 
this oxidation, the substance (1'4 grams), dissolved in acetone 
(50 c.c.), was, during two days, gradually mixed with very finely 
powdered and sieved permanganate (2 grams). 

The product was filtered, the manganese precipitate thoroughly 
washed with acetone (B), and extracted with boiling water. The 
brown, aqueous solution was decolorised with animal charcoal, con¬ 
centrated, and acidified, when a small quantity of a solid acid 
separated which crystallised from, acetic acid in satiny plates, 
melted at 215—217°, and consisted of 5:6-methylenedioxy-o-toluic 
acid (916). 

The acetone solution ( B ) deposited, on evaporation, a yellow 
syrup, and this yielded, when distilled in a current of steam, a 
small quantity of 5:6-methylenedioxy-o-tolualdehyde (907), which 
separated from the distillate in needles and melted at 72—-74°. 
The residue in the steam distillation flask was extracted with 
ether, the ethereal solution thoroughly dried over potassium 
carbonate, and evaporated, when a syrup remained, which soon 
crystallised. After remaining in contact with porous porcelain 
until oily impurity had been removed, the almost colourless resi¬ 
due was fractionally crystallised from methyl alcohol, and thus 
separated into unchanged iso-i^-cryptopidene and a new substance, 
which crystallised in glistening plates, melted at about 135°, and 
consisted of ketodiJiydroim-ip-cryptopidene. Unfortunately, the 
small amount of material available did not allow of the removal 
of the last traces of «so-^-cryptopidene, so that the melting point 
must be taken as approximate only: 

0*1.102 gave 0*2861 C0 2 and 0*0589 H 2 0. C = 70*8; H = 5*9. 

C 20 H 20 O 6 requires 0 = 70*6; H=5\9 per cent. 

The small remainder of the substance was dissolved in boiling 
methyl alcohol, digested with excess of semicarbazide hydrochloride 
and sodium acetate for two hours, and evaporated to dryness. The 
nearly white residue was washed with water and crystallised from 
alcohol, from which it separated in needles: 

0*1001 gave 0*2348 C0 2 and 0*0522 H 2 0. 0 = 64*0; H = 5/9. 

C 21 H 23 0 5 N 3 requires 0 = 63*5; H=5*8 per cent. 

Attempts to hydrolyse this semicarbazone with a view to obtain¬ 
ing the pure koto-derivative were unsuccessful, since boiling with 
concentrated hydrochloric acid converts it into a substance which 
crystallises from methyl ■ alcohol in needles,, melts at about 225°, 
and is possibly an indole derivative. A constitutional formula for 
ketodihydroiso-^-cryptopidene is suggested on p. 730. 
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Section IV (c). The Reduction of ip-Methylberberinium Chloride: 
Formation of iso -^-Berb evident and Dihydroanhydro - ip - m ethyl- 
herb trine . 

This reduction was carried out essentially under the conditions 
described in detail in the case of the acid reduction of ^-cryptopine 
chloride (p. 774), 300 grams of 4 per cent, amalgam being 
employed for the reduction of 8 grams of the chloride. During 
the process, a scum separated, which at first was crystalline, but 
later melted to a brown syrup, and, after the product had cooled, 
this was extracted with ether (A), the ethereal solution well 
washed, dried over potassium carbonate, and evaporated, when a 
syrup remained which showed no signs of crystallising. However, 
on rubbing with methyl alcohol, crystallisation soon commenced, 
and, after collecting and washing with methyl alcohol, the pale 
salmon mass was twice recrystallised from this solvent: 

0-1187 gave 0-3207 C0 2 and 0-0677 H 2 0. C = 73*7; H = 6-3. 
0-1195 „ 0-3245 C0 2 „ 0'0687 H 2 0. 0 = 74*1; H = 6*4. 

CgoH^C^ requires C = 74T; H = 6'2 per cent. 

iso -tp-JBerberidene melts at 117° and is sparingly soluble in methyl 
alcohol, yielding a lilac, fluorescent solution, from which it separates 
in well-developed prismatic needles. It is very readily soluble in 
benzene, but less so in light petroleum, and separates from the 
mixture of these solvents particularly well in brilliant, elongated 
prisms. It also crystallises well from light petroleum alone or 
from ether, in which it is readily soluble, or from acetic acid, in 
glistening prisms, 

A trace of the substance rubbed on the side of a test-tube is 
coloured deep violet, changing to brown by concentrated nitric 
add. ' 

The solution In acetic acid is coloured yellowish-brown on the 
addition of sulphuric acid, and a drop of dilute nitric acid changes 
the colour to an intense reddish-brown. When manganese dioxide 
and a little dilute sulphuric acid are added to the solution in acetic 
acid in the cold, a pink colour gradually develops, and, on warm¬ 
ing, this changes to brown and then to yellow. The relationship of 
*s 0 -t^-berberidene and wo-^-cryptopidene is discussed on p. 731, 
and it may be pointed out that the striking similarity in their pro¬ 
perties is doubtless due to their both containing the characteristic 
grouping 
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/\/ 

CH 2 Me 

I 

l)ihydroanhydro-^-methylb erberinc, CH.—N Me. 

Y / 

/\ch-ck s 

The acid liquors (d.) from the reduction of #-methylberberini urn 
chloride, which had been extracted with ether, as already described, 
were made strongly alkaline with ammonia, and the turbid liquid 
thoroughly extracted with ether. On evaporation, the ethereal solu¬ 
tion deposited a syrup*, which was only partly soluble in dilute 
hydrochloric acid. 

The whole was warmed with very dilute hydrochloric acid, 
filtered, and the filtrate precipitated with excess of picric acid, 
when a voluminous, viscid mass separated, which soon hardened. 
This was collected, left on porous porcelain until dry, and recrystal¬ 
lised from methyl alcohol, from which it separated in orange-red 
balls, and melted at 115—-120° to an orange-red syrup: 

0*1108 gave 0'2286 C0 3 and 0'0469 H 2 0. C=56*l; H = 4*7. 

0*1027 „ 8:6 c.c. at 14° and 756 mm. N = 9*8. 

a i H 25 O 4 N,C 6 H 3 0 7 N s requires C = 55'5; H=4*7; N = 9*6 per cent. 

This picrate was decomposed by warming with dilute ammonia, 
the base extracted with ether, the ethereal solution thoroughly 
washed, dried over potassium carbonate, and evaporated, when a 
syrup remained which, over phosphoric oxide in a vacuum desic¬ 
cator, dried, to a friable resin: 

0*1271 gave 0*3292 C0 2 and 0*0817 H 2 0. C = 70*6; H = 7T. 

C 21 H 25 0 4 N requires C = 71*0; H‘=7*0 per cent. 

Dihydroanhydro-\p-methylberberine exhibits little tendency to 
crystallise, but it seems to become crystalline when left in a closed 
tube in contact with a little methyl alcohol. The hydrochloride is 
very readily soluble and gives, on the addition of piatinic chloride, 
an ochreous, caseous precipitate of the platirdcMoride, which, on 
warming, becomes chalky: 
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Oi.217 gave 0*2040 C0 2 and 0-0521 H 2 0. C = 45-7; H = 4-7. 

0*2054 „ 0-0351 Pt. Pt=17-1. 

(Co 1 H 25 0 4 N) 2 ,H 2 PtCl 6 requires 0 = 451; H = 4-7; Pt=17*3 per cent. 

The addition of boiling dilute aqueous potassium iodide to the 
boiling dilute solution of the hydrochloride gave a milky liquid, 
from which a yellow syrup separated. This dissolved readily in 
inethyl alcohol, and the solution, on spontaneous evaporation, 
deposited a crystalline mass of the liydriodidc, which was drained 
on porous porcelain, dried in the steam-oven, and analysed: 

0-1117 gave 0*2141 C0 2 and 0-0539 H 2 Q. C = 52-2; H = 5-3. 

C 2 iH 25 0 4 N,HI requires C = 52*2; H=5'4 per cent. . 


Section V. 

GH S | 

I /\/ 

OH C fg. 

Derivatives of iso Anbydrocryptopme, \/ j| j 3 . 

\ -C-NMe 

The 26 'oanhydrocryptopine required for these experiments was 
prepared by the method already given (1002), and certain direct 
derivatives of this substance, not previously described, were 
obtained during the course of the investigation. 

iso/l n hydro cryptopine M cthochloride, C 21 H 2l Q 4 N,MeCI.—This 
characteristic derivative is readily obtained when iwanhydro- 
eryptopine methiodide (1005), ground to a paste with much water, 
is digested on the steam-bath with excess of silver chloride for an 
hour. The filtrate, on concentration, deposits the methochloricle 
as a hard crust of pale lemon-yellow prisms; after remaining ex¬ 
posed to the air until the weight was constant, this quaternary salt 
contained two molecules of water, and became opaque on drying 
at 100°: 

. 1-7754 lost 0*1493 at 100°. H 2 0=8*4. 

C 21 H 21 0 4 N,MeCl,2H 2 0 contains H 2 0 = 8*2 per cent. 

0*1075 (dried at 1Q0 6 ) “ gave 0*2577" C0 2 and 0*0575 H,0. 

C = 65-4; H = 5-9. 

C 2 iH a 0 4 N,MeCl requires C = 65*7; H = 6-0 per cent, 
iso Anhydrocryptoyine methachloride me Its at about 233° with 
vigorous decomposition to a black froth. It is very readily soluble 
in hot. but much less so in cold, water, and the addition of hydro¬ 
chloric acid does not appear greatly to reduce the solubility* The 
aqueous solution gives no precipitate with ammonia or dilute sodium 
hydroxide. ■■ ■ ■■ 
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Tli© anhydrous salt, dissolves readily in boiling methyl alcohol 
and separates, on cooling, in long, flat prisms which are quite 
colourless. 

When the cold aqueous solution is mixed with dilute sulphuric 
acid and then a little manganese dioxide dusted in, a pale blue 
coloration gradually develops, which deepens on warming. The 
addition of dilute permanganate at 0° to the aqueous solution pro¬ 
duces at first a purple precipitate of the permanganate, and then 
. oxidation rapidly takes place. 


Dihydroisoanhydrocrypt&pine , 



This base was obtained by the reduction of sboanhydrocryptopine 
under the following conditions. The hydrochloride of mianhydro- 
cryptopine* (1004) (3 grams), dissolved in dilute acetic acid and 
sodium acetate, was gradually treated with crushed sodium 
amalgam (200 grams of 3 per cent.) at about 80°. When the 
amalgam was exhausted, the filtered solution was mixed with 
ammonia, the chalky precipitate collected, and dissolved in hot 
dilute hydrochloric acid. On long keeping in the ice-chest, the 
very sparingly soluble hydrochloride of dihydrohoanhydrocrypio- 
pine separated, and was collected and recrystallised from dilute 
hydrochloric acid,f from which it separates in groups of colourless 
prisms; it darkens at 210 0, and decomposes at about 215—218° 
with vigorous effervescence to an orange-red froth: 

0-1101 gave 0-2619 C0 3 and 0-0625 H 2 (X C = 64’5; H = 6*3. 

C 2I H 2 s^ 4 ^HOI requires 0 = 64*7; H —6*2 per cent. 

This hydrochloride is comparatively readily soluble in hot water, 
but very sparingly so in dilute hydrochloric acid. The base, 
obtained by adding ammonia to the dilute aqueous solution of the 
hydrochloride, is a gelatinous precipitate becoming granular on 
warming, but all attempts to recrystallise the substance were un¬ 
successful. The precipitate, thoroughly washed, was dried over 
phosphoric oxide in a vacuum desiccator: 

* This hydrochloride, like that of anhydrocryptopine (977), is dissociated 
when, sodium acetate is added to its aqueous solution. 

f The mother liquors of this hydrochloride contain the hydrochloride of a 
second base which also has the composition C ai H as 0 4 N, and it is probable 
that- the ■ 'two bases represent' stereoisomerie modifications of. 'the", .same" 
substance. 
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0*1070 gave 0*2801 C0 2 and 0*0621 H 2 0. C = 71-2; H = 6-4. 
C 21 H 23 0 4 N requires C —71*4; II ~ 6*5 per cent 


Section V (a). The Reduction of iso.4 nhyd/rocryptopine. Metho- 
sulphate in Alkaline Solution (p. 732); Formation of Dihydro- 
methylmoanhydrocryptopine, (A) and (B), 

Cff 3 | 

\ I /\/ 

,—OH—C Me . 

II 

J -C-NMe 2 

The ^'soanhydroeryptopine methosulphate used in these experi¬ 
ments was prepared by adding methyl sulphate to the benzene 
solution of iwanhydrocryptbpine in the manner already described 
(1005). The carefully purified substance (5 grams), dissolved in 
boiling water (300 c.c.), was vigorously stirred with crushed sodium 
amalgam (150 grams of 3 per cent.), when a base separated, some¬ 
times in crystalline form, but more frequently as a gum, which 
ultimately crystallised. The whole was heated on the steam-bath 
until no further separation could be observed; the base was then 
collected, washed well, dried on porous porcelain, and dissolved in 
boiling methyl alcohol. When this solution is allowed to remain 
without agitation, the modification (A) of dihydromethylha- 
anhydrocryptopine separates as a bulky mass of soft needles, but 
gradually pale yellow prisms of the modification (B) make their 
appearance, and, if the hot solution is stirred during crystallisa¬ 
tion, the separation consists entirely of this modification. The 
prisms (B) melt sharply at 121—-122°, but, when the needles (d.) 
are slowly heated in a capillary tube, it is noticed that they sinter 
at about 105°, clearly owing to transition into the prismatic modifi¬ 
cation, and the melting point is again 121—122°. Both modifica¬ 
tions were analysed: 

(.4) 0*1098 gave 0*2908 C0 2 and 0*0687 H 2 0. C = 72*2; 

H = 7*0. 

(B) 0*1101 gave 0*2906 C0 3 and 0*0685 H 2 0. C = 72*0; 

H = 6*9. 

C 22 H 25 0 4 N requires C = 71*0; H = 6*8 per cent. 

Crystals of this substance were kindly examined by Miss M. W. 
Porter, who reports that the system is anorthic, with a: h: e= 
0*728:1:0*766, a = 100°15', £ = 104°23', y = 95°2'^ The following 
forms were observed: &(010), &(100), c(001), g(011), r(101), and 
p(Tll). The habit, as is shown in Fig. 4, is prismatic, and the 
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vertical faces are generally curved. Following are the mean 
measurements derived from three crystals: 



Azimuth. 

Polar distance. 

h (010) 

0° O' 

90° 0' 

a (100) 

*82 2 

90 0 

c (001) 

*49 33 

*18 37 

q (Oil) 

155 S 

32 25 

>' (101) 

275 24 

39 25 

q (111) 

*229 4 

*47 42 


Fro. 4. 



Dihydromethylisacmhydrocryptopine (B), m, p. 122°. 

The solution of a trace of either modification in a drop of acetic 
acid gives with sulphuric acid a deep orange-red coloration, which 
becomes intense port wine and then brown on the addition of 
dilute nitrio acid. Bihydromethylisoanhydrocryptopine is very 
readily soluble in cold dilute hydrochloric acid, but, on rubbing, 
the sparingly soluble crystalline hydrochloride immediately 
separates. This fine salt is readily soluble in hot water, and crystal¬ 
lises in short, six-sided prisms with obliquely cut-off ends. The 
sulphate does not crystallise under these conditions, hut the addi¬ 
tion of dilute nitric acid to the solution of the sulphate causes the 
nitrate to separate as a syrup, which crystallises on rubbing. • 

The Methosulphate .—This characteristic derivative is readily 
prepared by adding methyl sulphate (3 e.c.) to the solution of the 
base (2*5 grams) in a little warm benzene, when combination takes 
place immediately with the evolution of much heat. The liquid 
soon becomes a pasty mass of crystals, and these are collected, 
washed with benzene, and recrystallised from water or methyl 
alcohol: 

0*1094 gave 0*2334 C0 2 and 0*0623 H 2 0. C=58*2; H = 6*3. 

. . 0 22 H 25 0 4 N,Me^S0 4 requires 0=58*4; H=6*3 per cent.■. 
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Dihi/drQm^tJiyliaoofiihydrocryptopme methomXpImte melts at 
about 202°, without effervescence, to a colourless syrup, and is 
readily soluble in hot water, from which it separates in groups of 
flat needles ; the aqueous solution gives no precipitate on the addi¬ 
tion of ammonia. It dissolves very readily in boiling methyl 
alcohol, but is much less soluble in the cold and separates in thin 
plates with obliquely cut-off ends. When warmed with methyl- 
alcoholic potassium hydroxide (15 per cent.), it dissolves, and, on 
boiling, decomposition slowly sets in with the elimination of tri- 
methylamine; the liquid becomes brown, then deep purple, and 
finally nearly black, and the addition of water then precipitates a 
black substance (compare 985). 

The Methiodide. —The addition of hot dilute potassium iodide to 
the hot dilute solution of the methosulphate produces no immediate 
precipitate, but the liquid soon clouds, and a gum separates which., 
on rubbing, readily crystallises. If this gum is dissolved in boil¬ 
ing alcohol and the solution stirred, the methiodide separates as a 
sandy precipitate consisting of curious, circular warts: 

0*1121 gave 0*2215 C0 2 and 0*0563 H 2 0. C = 53-9; H = 5*6. 

C 22 H 25 0 4 2sf ,MeI requires C=54-2; H = 5*5 per cent. 

This methiodide melts at about 215—217° to a yellow syrup. 


ip-Dihydromethyli&ombhydrocryptojrine (p. 732), 




OH, 

I /\/ 

U=G Me 


/ 


--0H*NMe„ 


This substance is obtained (a-) from fsoanhydrocryptopine metho- 
chloride (p. 780) by reduction in hydrochloric acid solution with 
sodium amalgam, or (6) from dihydromethyksoanhydrocrypto]>me 
by boiling with dilute hydrochloric acid, (a) Anhydrocrypto- 
pine methochloride (3 grams), dissolved in hot water (200 c.c.) and 
hydrochloric acid (30 c.c.), is treated with sodium amalgam (120 
grams of 4 per cent.) on the steam-bath. When reduction is com¬ 
plete, the liquid is filtered from a trace of a chalky, neutral' sub- 
stance, the filtrate mixed with ammonia, the rather gelatinous pre¬ 
cipitate collected, washed, dried on porous porcelain, and dissolved 
in a little boiling methyl alcohol, in which it is very readily soluble. 
If the solution is cooled in ice and salt and rubbed, crystallisation 
gradually sets in, and, on recrystallisation, pure \p~dihydrome thyl- 
isoanhydrocryptofin e is obtained in colourless needles melting at 
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140—141°. ( 6 ) DibydroznethyKsoanhydrocryptapine (1 gram), 
dissolved in concentrated hydrochloric acid (2 c.c.) and water 
(10 c.c.), is boiled for ten minutes in an open test-tube by means 
of a sulphuric-acid bath in such a way that concentration to about 
half the volume takes place. At first there is no visible change, 
but towards the end of the operation a pale green develops. The 
cold product yields a caseous precipitate on the addition of 
ammonia, which soon becomes hard, and the substance separates 
from methyl alcohol in microscopic groups of needles melting at 
140—141°. Analyses were made with substances prepared by 
methods ( a ) and ( 6 ): 

(a) 0-1238 gave 0*3271 C0 3 and 0-0776 H 3 0. C = 72'0; H = 6-9. 
(&) 0-1250 „ 0*3298 C0 3 „ 0*0783 H s O. C = 71*9; H,= 6-9. 

C 00 BL 25 O 4 N requires C = 71*9; H = 6'8 per cent. 

xp-Dihydromethylhocmhydrocryptopine is sparingly soluble in 
cold methyl alcohol and not very readily so on boiling; it is also 
rather sparingly soluble in cold acetone, hut dissolves on boiling 
and separates in groups of glistening needles; it is easily soluble 
in benzene, even in the cold. The solution of a crystal in a drop of 
acetic acid gives, with sulphuric acid, a deep orange coloration, 
which becomes intense port wine on the addition of a drop of 
dilute nitric acid. A characteristic of the base is its remarkable 
resistance to reduction, since experiment showed that much remains 
unchanged after its solution in dilute hydrochloric acid has been 
boiled with a large excess of sodium amalgam (compare p. 733). 

It is also oxidised with unusual difficulty when permanganate is 
added to its solution in acetone. 

The Methosulphate .-—A considerable rise of temperature takes 
place when methyl sulphate is added to the solution of the base 
in warm benzene, and the methosulphate begins to separate 
immediately as a chalky mass. This was collected, washed with 
benzene, and analysed: 

0*1092 gave 0-2332 CO a and 0*0626 H 2 i O. C = 58*l; H = 6'4. 

C 2 a H 2 & G 4 N',Me a S0 4 requires 0=58-4; H = 6-3 per cent. 

ip-Dihydromethpliscxmhydrocryptopine methosulphate melts at 
about 188-AL90 0 , and is sparingly soluble in water or methyl 
alcohol in the cold, but dissolves readily on warming and separates 
in colourless groups of needles.; It is decomposed with some diffi¬ 
culty by boiling methyl-alcoholic potassium hydroxide (15 per 
cent.), trimethylamine is eliminated, and, on the addition of water, 
a chalky substance* separates* which was not further examined. 

'Reduction of the Methostdphate .—When crushed . r sodium, 
amalgam was added to the cold aqueous solution of the metho- 

G G* 
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sulphate at about 50°, the odour of trimethylainme became at once 
apparent, and a chalky substance separated. After keeping at 50° 
for some hours, with constant stirring, the precipitate was collected, 
and found to melt at 160—163°. It was recrystallised from methyl 
alcohol, in which it was remarkably sparingly soluble, and then 
melted at 166—167°. That this substance is iso cryptopidene {A), 


CEL 


Y_ 

/ 


/Y/ 

=C Me 


-CH, 


that is to say, is identical with the substance which results from 
the cold reduction of dihydromethyKsoanhydrocryptopine metho¬ 
sulphate (see below), was proved by a comparison of properties, and 
particularly by the fact that the mixture of the two substances 
melted at 166—167°. 


The iso Crypto pidcnes, (1) and ( B ), 


OH„ | 

I /\/ 

=C Me 


Y I 

-c 


and 


/' 


-CH, 


(.4.) M. p. 167°, 


CH S I 

! /\/ 

CH—0 Me 

v ® 

J -CH 

(B.) M. p. 108°. 


The difficulty of completely understanding the mechanism of the 
formation of these curious and interesting substances is referred to 
in the introduction to this paper (p. 733), and reasons are there 
given for assigning the above formulas to the two isomerides. 
iso Cryptopidene (A) (m. p. 167°) is produced by the reduction 

(i) of tW methosulphate of dihydromethyhsoanhydrocryptopine, or 

(ii) of the methosulphate of i/f-dihydromethyhsoanhydrocryptopine in 
alkaline solution and also by the reduction of ^-dihydrometliyliso- 
anhydrocryptopine in acid solution. The method of formation (ii) 
has Just been described, but the method of preparation which 
is probably most convenient is that stated under (i). In this reduc¬ 
tion, dihydromeihyksoanhydrocryptopine methosulphate (2 grams, 
p. 783), dissolved in water (150 c.c.), is poured on freshly prepared 
crushed sodium amalgam (100 grams of 3 per cent.) in a porcelain 
beaker fitted with a mechanical stirrer, and the reduction carried out 
at a temperature not exceeding 30°. The odour of trimethylamin© 
becomes immediately apparent, and a chalky precipitate of iso- 
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cryptopidene (A) gradually forms, but the separation is not com¬ 
plete until the stirring has been continued for two days. The 
precipitate is then collected, washed with water, and dried in the 
steam-bath, when it melts at 163—165°, and is almost pure iso- 
cryptopidene (A), the yield being very good. For analysis, the 
substance was recrystallised from much methyl alcohol, and con¬ 
siderable difficulty was experienced in obtaining accurate results: 

0-1195 gave 0-3231 C0 2 and 0-0654 H 2 0. C = 73‘7; H = 6*l. 
0T075 „ 0-2901 C0 2 „ 0-0584 H 2 0. C = 73-6; H = 6-0. 

C 20 H 20 Q 4 requires C = 74T; H = 6-2 per cent. 

isoCry ptopidene (A) melts at 166—167°, and is remarkably 
sparingly soluble in boiling metbyl alcobol, from which it separates 
as a sandy powder consisting of well-developed, glistening prisms; 
it is also very sparingly soluble in boiling alcohol or acetone, and 
separates from the latter in striated prisms. The solution of a 
crystal in a few drops of glacial acetic acid gives with sulphuric 
acid a deep orange coloration, which changes to red on the addi¬ 
tion of a drop of nitric acid. 

(hi) The Reduction of if/ -Dihydrom ethylimanhydrocrypt opine 
(p. 784) in Acid Solution .—In carrying out this experiment 
dihydromethyHsoanhydrocryptopine (5 grams) (m. p, 122°, p. 782) 
was dissolved in a large excess of boiling dilute hydrochloric acid, 
and thus converted into the ^-isomeride (p. 785). Freshly prepared 
sodium amalgam (250 grams of 4 per cent.) was then added to the 
boiling solution, when a small amount of a chalky precipitate 
separated, which was collected, washed well, and dried in the steam- 
oven. In this condition, it melted at 162-—165°, and, after re¬ 
crystallisation from methyl alcohol, in which it was very sparingly 
soluble, at 166—167°. The careful comparison of the properties 
of this substance with those of the specimen of isocryptopidene (A) 
obtained from the alkaline reduction of dihydromethyhsoanhydro- 
cryptopine methosulphate (see above) clearly indicated identity, 
and this was confirmed by the observation that the mixture of the 
two preparations melted at 166—167°. 

The yield of isocryptopidene (A) obtained by reducing 
^'-dihydromethyHsoanhydroeryptopine in acid solution is only 
about 8 per cent, of that theoretically possible, and this led to a 
careful' examination of the acid solution which had been separated 
from the neutral substance by filtration. On the addition of 
ammonia, a caseous precipitate separated, which soon hardened, 
and when rubbed with methyl alcohol this yielded a sparingly 
soluble substance {a), which was collected and washed with a little 
methyl alcohol to remove a readily soluble substance (&). The 

g a* 2 
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substance (a) on fractional crystallisation from methyl alcohol was 
separated into, a small quantity of a new base (m. p. 168—170°) 
and. a considerable quantity (O'8 gram) of unreduced ^-dihydro- 
methyhsoanhydrocryptopine (m. p. 140°). In view of the fact that 
reduction had been carried out at the boiling point and with a 
very large excess of amalgam, it is remarkable that so much of this 
base should have remained unreduced. The base melting at 
168 —170° is very sparingly soluble in boiling methyl alcohol, from 
which it separates as a voluminous mass of colourless needles. The 
solution in acetic acid is coloured yellowish-brown by sulphuric 
acid, and the addition of a drop of dilute nitric acid changes the 
colour to brownish-pink: 


0-1077 gave 0*2853 C0 2 and 0*0662 H 2 0. 0 = 72*1; H = 6-8. 
C 22 H 26 0 4 N requires C = 7T9; H = 6'8 per cent. 


This analysis shows that the base is isomeric with dihydro- 
methyksoanliydrocryptopine (m. p. 122°) and ^-dihydroniethykao- 
anhydrocryptopine (m. p. 140°), but no evidence is available to 
explain this isomerism. 

The methyl-alcoholic filtrate from the substance (b) was mixed 
with much ether, the ethereal solution washed until quite free 
from methyl alcohol, dried over potassium carbonate, concentrated, 
and left in the ice-chest for a week, during which it deposited a 
small crop of the base melting at 140°, which is practically in¬ 
soluble in ether. 

As no further separation took place on allowing the ether to 
evaporate in the ice-chest, the base was dissolved in dilute hydro¬ 
chloric acid and precipitated with ammonia, when a caseous mass 
separated which, after drying over phosphoric oxide in a vacuum 
desiccator, gave numbers indicating that the base is tetrahydro- 
met hylisoanhydrocryptopin e , 


OH* 

v I /\/ 

\—OH—CH Me 


-CH-NMe* 


01139 gave 0*2969 C0 2 and 0*0753 H 2 0. C = 71-0; H*=7*5. 

C 22 H 2 i7 0 4 N requires 0 = 71-5; H = 7*3 per cent. 

This base is very readily soluble in the usual solvents, and all 
attempts to obtain it in a crystalline condition were unsuccessful. 
The solution in benzene becomes hot on the addition of methyl 
sulphate, clouds, and a syrup separates which hardens when rubbed 
with ether. This methosulphate, which is very readily soluble in 
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water or methyl alcohol, yields a heavy syrup on the addition of 
boiling potassium iodide to its hot aqueous solution. On remain¬ 
ing in the ice-chest, this gradually deposited nodular crystals, and, 
when rubbed with methyl alcohol, a considerable quantity of a 
white, crystalline substance separated, -which was collected and re¬ 
crystallised frora methyl alcohol. 

Tetraliyclromethylisomihydrocryptopine methiodide melts without 
effervescence at about 188—190° to a viscid, pale yellow syrup, is 
comparatively readily soluble in boiling methyl alcohol, but very 
sparingly so in the cold, and separates well as a glistening mass 
consisting of thin, flat plates with square ends: 

0-1201 gave 0*2390 CCX and 0*0641 H 2 0. C=54*3; H = 6*0. 

C 22 H 2 70 4 N,MeI requires 0 — 54*0; H ( =5*8 per cent. 

imCryptopidene (B ) (m. p. 108°).'—This substance is obtained 
when the methosulphate of dihydromethyb'soanhydrccrypfcopine 
(3 grams) (p. 783), dissolved in boiling water (150 c.c.), is treated 
with sodium amalgam (150 grams of 3 per cent.), care being taken 
to keep the whole boiling during the operation. Immediately the 
amalgam is added, a syrupy substance begins to separate, and, if 
the mass is vigorously stirred, the reduction is finished in a few 
minutes. The syrupy substance, which crystallises on cooling, is 
collected and recrystallised from alcohol: 

0*1291 gave 0*3497 C0 2 and 0*0701 H s O. C = 73'9; H=6*l. 

C 20 H 20 O 4 requires C = 74*l; H = 6*2 per cent. 

isoCr y ptopide ne (B) melts at 108°, is more readily soluble in 
methyl or ethyl alcohol than the modification (A), and separates 
in groups of glistening needles. It is readily soluble in benzene or 
acetone in the cold, or in boiling glacial acetic acid, and crystallises 
particularly well from 70 per cent, acetic acid as a voluminous mass 
of needles. The solution of a trace in glacial acetic acid gives 
with sulphuric acid a deep orange-red coloration, which becomes 
redder on the addition of a drop of dilute nitric acid. 

Oxidation.— The solution of the substance (3 grams) in acetone 
(200 c.c.) is slowly oxidised by the addition of very finely powdered 
permanganate (5 grams) at the ordinary temperature, the opera¬ 
tion requiring about five hours. The manganese precipitate was 
collected, washed with acetone, extracted with boiling water, and 
the brown extract concentrated and acidified, when an ochreous 
precipitate separated in quantity, and was washed and left in coh- 
taet with porous porcelain until dry. The whole was then dis¬ 
solved in bailiiig methyl alcohol and allowed te remain in the ice- 
chest for two days, when a crystalline acid (0-25 gram) .yhstd; 
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separated; this was recryst-allised from, methyl alcohol, in which it 
is very sparingly soluble : 

0-1060 gave 0*2391 C0 3 and 0*0460 II 2 0. C = 61-5; H-4'9. 

C 20 H 20 O 8 requires C = 61*5; H = 5T per cent. 

This acid, which may be called ketohydroxydihydroisocrypto- 
pidenic acid, and the possible constitution of which is discussed on 
p. 734, is a colourless, satiny mass; it becomes salmon-coloured at 
220° and melts at 227° without effervescence. 

The solution in concentrated methyl-alcoholic potassium hydr¬ 
oxide becomes pink on boiling, and the colour gradually fades in 
contact with air. 

A trace dissolved in a drop of acetic acid gives with sulphuric 
acid a deep brown coloration which, on the addition of a drop of 
dilute nitric acid, gradually fades. . The methyl-alcoholic mother 
liquors of this acid contain a considerable quantity of readily 
soluble acids, and the acetone extract from the oxidation yields, 
on evaporation, a small quantity of a yellow syrup, but no attempt 
was made to identify these mixtures of substances. 

The considerable quantities of cryptopine required for this 
investigation were collected for me by Messrs. T, and H. Smith, 
of Edinburgh, and I wish again to thank the firm and the managing 
director, Dr. Alexander Dey, for the generous assistance they have 
extended to me throughout this inquiry. I am also indebted to 
Mr. T. "V. Barker and Miss M. V. Porter for undertaking the 
crystallographic measurement of some of the new derivatives. The 
analyses were again carried out by Mr. Fred Hall with character¬ 
istic skill. 

The University Chemical 

Labohatoeies, Oxford. [jRcecwed, May 20th , 1019.1 


LXL —-The Freezing Point of Solutions , with Special 
Reference to Solutions Containing Several Solutes. 
By Charles Ediwaud Fawsitt. 

In proceeding to use freezing-point determinations for the estima¬ 
tion of certain ingredients in liquids containing an unlimited 
number of ingredients, the author found that it was necessary tq 
consider rather closely the freezing points of solutions. In par* 
ficular, for the purpose; in ' question,- -it' was necessary , to consider 
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how tli© calculated molecular depression of the freezing point of 
a solvent by a solute is dependent on the concentration of the 
solute (Part I), and it was necessary further to consider what 
effect is produced on the freezing point of a solvent by several 
solutes used together, as compared with the effect of these solutes 
used separately (Part II). 

These two matters are considered in this paper. 


Part I. 

The Effect of Concentration of Solute: in Freezing-point 
Determinations . 


The freezing point of a solvent is usually lowered by dissolving 
any substance in it, and for very dilute solutions the depression 
of the freezing point, (A), is proportional to n}N, where n is the 
number of solute molecules and N is the number of solvent 
molecules. 

This proportionality is proved, from theoretical considerations, 
but holds only for excessively dilute solutions. For solutions of a 
concentration of, say, 1—10 per cent, of solute, A is not strictly 
proportional to njN, and it has been suggested that the formula 

a n 
* N+n 

should be used instead of 


A 


n 


Taking the first formula, which is more commonly used, 


Let w — weight in grams of solute, 
m = molecular weight of solute, 
W =weight of solvent in grams, 
M =molecular weight of solvent, 


or 


x 


M 

TT 


A — Kx 1000x ' — : x ™ ... „ , (1) 

m W 

where X is a constant (the van’t Hoff constant) for the solvent 
and represents the depression caused by introducing one gram- 
molecular weight of solute into 1000 grams of solvent. 

Equation 0) is usually employed in making freezing-point calcu¬ 
lations, more especially where these are used in determining mole¬ 
cular weights of solutes. 
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It is observed that when the depressions A 1? A 2 , A s , corresponding 
with several weights of solute, w ly w 2 , w s , are determined, the 
molecular weight of the solute, calculated according to equation 
(1), is often not constant, even with non-associated or non-dis¬ 
sociated solutes. In such cases, the numbers more often tend to 
rise than to fall. 

It .might b© thought that by using the formula 


instead of 


Ace 


n 

W+n 


A 


n 


better results would be obtained. 
Now 


leads to 


00 N+n 
M .w 

' [m, W + w M f 


A = ITx 1000, 


.m[W+ wjm . M] 


( 2 ) 


where K is the same constant as in (1). The application of equa¬ 
tion (2) to the calculation of molecular weights instead of (1) is 
not attended by satisfactory results. 

In particular, it cannot be made to serve any useful purpose, 
when the molecular weights, calculated according to (1), decrease 
as the concentration rises, a case which sometimes occurs. 

If, however, instead of the expression in (2) we use the formula 


A m K x 1000 x w /9A 

m\W + btu\ L * ' ‘ ' 

where & is an arbitrarily introduced constant dependent on solute 
and solvent, not necessarily equal to Jf/m, and, indeed, sometimes 
negative, the results obtained are satisfactory. 

Abeg g (Zeitsoh. physikal.. Chem., 1894, 15, 209) tried the equa¬ 
tion '/ : 


K x n x 1000 

: 


+ B 


(wJ 


(«) 


where K is the ordinary van 5 t Hoff constant as used in equation 
(1), and should be the same for all solutes in any particular solvent, 
whilst B is an arbitrary constant which varies with the solute. 
The application of this formula (4) certainly gives better results 
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in many cases than (1) or (2), hut is not so simple a formula as (3), 
The latter gives quit© as good results as (4) both for solutions con¬ 
taining a single solute and solutions containing several solutes. 

The author considers that formula (3) is the most suitable for 
adoption in freezing-point calculations. 

The constant h in equation (3) can be calculated from two 
observations; if and w 2 be two different weights of a solute 
giving depressions Aj and A 2 with a particular solvent, then 

h== W(AJ Wl -Ajw^ 

A 2 - A, 


The constant B in equation (4) can also be calculated from two 
observations, 


.In the following tables, m is the (theoretical) molecular weight, 
wJ is the molecular weight as calculated by the equation 


m' = 


iT.lOOO.w 
A . W 


(5) 


m ,! is the molecular weight as calculated by the equation 

// JT ,1000.2a 

on — - „ ., , , , 

A. [ W+ bw] 

m n/ is the molecular weight as calculated by the equation 
__ K . 1000 .to 

m _ jfp^TTj57w2/--pJ * * * 


( 6 ) 

( 7 ) 


which is derived from equation (4). 

From tables I, II, III, and IV it will be seen that m" is fairly 
constant whether mJ rises or falls with increasing concentration of 
solute. 

In table II, m ltt is also given, and it will b© seen that it is just 
as constant as but not more so. 

Table I. 


Solute, Ethyl Ether, m = 74; Solvent, Ginede. 
TF = 18’27 } 5 = 1*53, iT = 6*7. 


Grams of solute 
in 100 grams of 
solvent. 

A. 

m' 

(calculated). 

m". 

0-707 

0-624 

760 

76-1 

1-48 

1-276 

77-6 

75-9 

2-2 

1-876 

78-5 

76-0 

3-4 

2-874 

79-3 

76-2 

5-15 

4-256 

81-0 

75-1 
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Table II. 


Solute , 1-a- 

-Phettandrene, 

-m = 136 

; Solvent , 

Benzene . 

5 = 

— 33*6, IF = 18-47, & = 

0-87, JT = 5 

■ 0 . 

wX 100/If. 

A. 

to'. 

m". 

to"'. 

0-90 

0-356 

135-2 

133-9 

133-9 

2-12 

0-778 

136-5 

133-9 

133-7 

2-32 

1-194 

138-9 

134-9 

134-6 

4-7 

1-685 

140-4 

134-7 

134-3 

6-24 

2-209 

141-2 

133-8 

133-1 

7-34 

2-559 

143-3 

134-7 

133-8 


TIi© variations in mJ 1 (and m ,u ) of the tables are not greater 
than th© experimental errors. 

Tables of this kind could be multiplied indefinitely. 

Tables III and IV give examples where b has a negative value 
(that is, where the molecular weight as calculated from equation 
(1) falls with increasing concentration). Table III has beeii calcu¬ 
lated from data given by Abegg (loc. tit.). 


Table III. 

Solute, Ethyl Alcohol; Solvent , 
Water. 


E — T86, W — 100, m=46, 



b= — 

0-5. 


w. 

A. 

to' 

to" 

8-10 

3-215 

46-8 

48-8 

10-75 

4*35 

46-0 

48-6 

13-81 

5-605 

45-8 

49-2 

17*79 

7-49 

44-6 

49-2 

22-50 

9-705 

43-1 

48*5 

32-68 

15-09 

40-2 

48-1 


Table IV. 


Solute , Sucrose; Solvent , Water 


E = ] 

L-86, W- 

= 100, m 

= 342, 


6 = - 

-0*26. 


tv. 

A. 

to' 

to" 

0-973 

0-053 

341-4 

342*3 

2*231 

0-123 

337*4 

339-3 

4-276 

0*237 

335*6 

339-4 

8-550 

0-481 

330-7 

338-2 

17-292 

0*989 

325*1 

340-2 


In table III it will be seen that m !! is constant within the ex¬ 
perimental error up to a concentration of 32*6$'per cent. of solute. 

Table IV is calculated from data given by Raoult (1898). 

When the molecular weight as calculated according to equation 
(5) rises with increasing concentration, this is due probably (i) to 
the volume of the solution becoming continually greater than the 
volume of the solvent, or (ii) to association of the solute molecules. 

When the molecular weight as calculated according to (5) falls 
with increasing concentration, this is due probably to combination 
between solute and solvent. 

Whatever be the cause of the rising or falling of the calculated 
molecular weight, there seems to be little doubt that where the 
molecular weight calculated ’according to (5) rises or falls with 
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change of concentration, formula (6) gives values for m n constant 
to about I per cent. This is, then, the calculated value of the 
molecular weight for very small concentrations. It does not 
immediately follow that this constant value ( m n ) represents 
accurately the true molecular weight (m), for there are other 
abnormalities noticed in the results of freezing-point measure¬ 
ments besides the rising and falling of the (calculated) molecular 
weight. The molecular weight as calculated for small concentra¬ 
tions may be higher or lower than the true molecular weight. It 
is higher in the case of many solutes showing association, for 
example, ethyl alcohol dissolved in cineole. It is also sometimes 
lower than the true molecular weight; this is more particularly 
noticeable in the case of some terpenes dissolved in benzene and 
in cineole. 

Part II. 

Freezing Point of a Mixture of Solutes Dissolved in a Solvent. 

In proceeding to the case of several solutes dissolved together 
in a solvent, it will be desirable to eliminate certain complications. 

For example, it is not desirable to use as solutes in the mixture, 

(i) such solutes as exhibit association or dissociation in solution, 

(ii) such as will form mixed crystals with the solvent, (iii) such 
as will combine with the solvent or with each other. 

In some cases, a fairly close agreement is observed between the 
depression of the freezing point, caused by a mixture of solutes, 
and the sum of the depressions, caused by the ingredients when 
introduced by themselves (separately) into the solvent. 

Table V. i Table VI. 

Solvent , Benzene; Solute, \ Solvent , Benzene; Solute, 

Toluene. I p -Xylene. 

TF = 18-65, Z = 5*6. j W = 15-092, Z = 5-0. 


w 

Percentage 
of solute. 

A. 

w 

MX 100/IF. 

A. 

0-1822 

0*98 

0-542 

0-2306 

1-53 

0*750 

0-3522 

1*89 

1*017 

0-5224 

3-46 

1-626 

0-0866 

3-68 

2-028 

0-8151 

5-40 

2-542 


In table VII and the following tables, A x is the depression of 
the freezing point of a mixture of solutes in a solvent obtained by 
adding together the calculated depressions of the freezing point 
caused by each ingredient, A is the observed depression. 
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Table VII. 


Solvent, Benzene; Solute, a Mixture containing 84*7 per cent, 
of Toluene and 15*3 per cent, of p -Xylene.~ 


]V = 15'29. 


W. A. Aj. 

0-1887 0-670 0-648 

0-3663 1-274 1-268 

0-615 2-114 2-139 


The calculated and observed depressions do not differ by muck 
more than tke experimental errors in tkis case. 

However, if a considerable number of cases are examined, using 
various solutes and solvents, it will be found tkat tkere is often 
a considerable discrepancy between tke values of A and A 1? especi¬ 
ally at large concentrations; sometimes A is greater than A., some¬ 
times less. Tkis is, however, only to be expected from equa¬ 
tion (3). 

From equation (3) we are led to believe that, instead of using 
W } the weight of pure solvent, in our calculations, we should use 
W 4- bw. 

Consider now two solutes, P and Q, having molecular weights 
m p and m q ; let v> p grams of P he dissolved in a solvent, giving a 
depression A#; let u? q grams of Q when dissolved (separately) in 
the solvent give a depression A q . 

Then the separate depressions are; 


K. 1000 . w, p 
m p ,[W+ b p Wp) 


k. 1000 . w 

%[lf+Vv]’ 


and the sum 


Ap + Ay 


K. 1000 


f_ tophiip _ 
\l\V+bpW v \ + 


W gl Wq \ 

[ W + b q io,j\J 


(S) 


The sum Ap + & q differs from the observed value A ppq , since the 
observed value would be expected to be given by 




K. I000\wpjm p + iVqjniq ) 
[W+bpWp+bqWg] 


( 9 ) 


If bp and b q are positive, then & ppq will be less than A P + A q . 
■If bp and b q are negative, then A p+q will be greater than Ap + A fJ . 
■W® 'may. say then, in general, that on mixing two solutes the 
molecular weights of which when calculated according to the usual 
formula (equation 5) rise with increasing concentration (& + w), we 
■should expect that the actual depression produced by the two 
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together would be less than the sum of the depressions produced 
by each, solute separately. 

If, on tire other hand, the molecular weights when calculated 
according to equation (5) decrease with increasing concentration 
(& negative), we should expect that the depression produced by 
two solutes together would he greater than the sum of the 
depressions of the separate solutes. 

An examination of a considerable number of cases shows that, 
qualitatively, these statements are borne out by facts. 

It is assumed, of course, in such cases that there is no combina¬ 
tion between the various solutes. This would itself have the effect 
of making the observed less than the calculated depression. 

Below are given the results of a number of freezing-point deter¬ 
minations on single solutes in benzene showing how the molecular 
weight, calculated according to equation (5), alters with change 
of concentration, and, subsequently, tables showing the results 
obtained from mixtures of some of these solutes in benzene. 

Results for mixtures of solutes are given for the three solvents 
benzene, nitrobenzene, and water. 

A a in the following tables denotes the calculated depression, as 
obtained from equation (9). 

mJ is calculated from equation (5). 

Percentage of solute means weight of solute in 100 grams of 
solvent. 


Benzene as Solvent. 

The following results were obtained with individual solutes. 


Table VIII. 


1 

Table IX. 


Solvent , Benzene; Solute 


Solvent, Benzene; 

Solute j 

Toluene. 



m -Xylene. 


Z = 5, 

m = 92. 





Percentage 



i Percentage 


weight 
of solute. 

A. 


weight 

I of solute. 

A. 

m'. : 

1*467 

0*847 

86*6 

' 1*189 

0*568 

104*7 

3*088 

1*754 

88*1 

2*674 

1*253 

106*7 

4*715 

2*588 

91*1 

4*111 

1*881 

109*3 

6*205 

3-338 

93*0 

5-595 

2*526 

110*8 

■ 7*803 

4*148 

94*1 

1 6*773 

3*014 

112*4 

o. Calculated from these figures is 

1 b Calculated from these figures i 

>1*312. 


l 

1*339. 




798 fawsitt: the freezing point of solutions, etc. 


Table X. 


Solvent, Benzene; Solute, 
d -Pinene. 
m=136. 


Percentage. 

A. 

m . 

1-411 

0-54 

130-6 

2-S23 

1-032 

136-9 

4-438 

1-564 

141-9 

6-193 

2-15 

144-1 


b Calculated from observations (1) 
and (4) is 2-21. 


Table XI. 

Solvent, Benzene; Solute, 
a-Phellandren e. 
m — 136. 


Percentage. 

A. . 

m'. 

0-962 

0-356 

135-2 

2-123 

0-778 

136-5 

3-316 

1-194 

138-9 

4-731 

1-685 

140-4 

6-236 

2-209 

141-2 

7-335 

2-559 

143-3 


b Calculated from observations (1) 
and (6) is 0-87. 


Table XII. 

Solvent, Benzene; Solute, Cineole. 
m — 154. 


Percentage. A. m’. 

1- 046 0-350 149-4 

2- 708 0-870 155-7 

b Calculated from observations (1) and (2) is 2 - 59. 


Table XIII. 

Freezing-point Determinations with more than One Solute in 
Benzene as Solvent. Solvent, Benzene (X = 5’0). 


Value Percentage 
of “ b ” weight of 


No. Solute. 

for solute. 

solute. 

1 w-Xylene ... 

1-312 

2-368 

1-339 

0-532 

■o Toluene . 

1-312 

3-759 

' wi-Xylene ... 

1-339 

0-845 

« Toluene ...... 

1-312 

4-764 

6 m-Xylene ... 

1-339 

1-708 

Cineole ...... 

2-59 

4-107 

4 d-Pinene ... 

2-21 

1-068 

Phellandrene 

0-87 

0-944 

V'"' Cineole ...... 

2*59 

1-571 

5 d-Pinene ... 

2-21 

2-025 

: Phellandrene 

0-87 

1-790 


A. 

A* 

a 2 . 

Percentage 

difference 

between 

A and A t . 

1-569 

1-604 

1-588 

1-2 

2-469 

2-508 

2*466 

-0-1 

3-299 

3-442 

3-334 

1-1 

1-881 

2-047 

1-930 

2-7 

1*832 

1-943 

1-824 

-0-5 


Nitrobenzene as Solvent. 

Nitrobenzene'; is similar as a solvent to benzene in that the value 
of b for solutes in nitrobenzene was positive in all cases ©xperi- 
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mented on. The molecular weight ( m') of single solutes dissolved 
in nitrobenzene, if calculated according to equation (5), rises with 
increasing concentration. The results for the individual solutes 
are omitted here, but the results for several solutes dissolved 
together in nitrobenzene are given in table XIV. 

As in the case of benzene, the sum of the individual depressions 
is always greater than the depressions obtained for the solutes 
when dissolved together. 

The corrected calculated value (A 2 ), using the b correction as per 
equation (9), is, however, as with benzene, much nearer to the 
observed value. 


Table XIV. 


Freezing-point Determinations with more than One Solute in a 



Common 

Solvent. 

Solvent , 

Nitrobenzene 

<* = 

7*0). 




Percentage 




Percentage 



Value of 

weight 




difference 



“ 6 ” 

of each 




between 

No. 

Solute. 

for solute. 

solute. 

A. 

Ai- 

Ajj. 

A and A„. 

1 

Toluene. 

Benzene ... 

2-295 

2-36 

0-926 

2-048 

2*439 

2-534 

2-463 

4~ 1 

2 

Toluene ... 
Benzene ... 

2*295 

2-36 

1-624 

3-587 

4-070 

4-314 

4-117 

+ 1-1 


Toluene...... 

2-295 

2-401 





3 

m-Xylene 

1*138 

0-861 

2*800 

2-929 

2-820 

4-0-7 


Benzene ... 

2*36 

0-591 






Toluene. 

2-295 

3-919 





4 

m-Xylene ... 

1*138 

1*404 

4-323 

4-671 

4-399 

4-1*7 


Benzene ... 

2-36 

0*964 






Toluene. 

2-295 

2*574 





5 

m-Xylene ... 

1-138 

0*578 

3-599 

3*883 

3-672 

4-2-0 


Benzene ... 

2-36 

1*750 







Water as Solvent. 





In this case, it was not thought necessary to carry out any 
experimental work, as sufficient material for calculation may be 
obtained in the literature dealing with freezing points. 

Using Abegg’s numbers (Joe. cit .), it is found that b is some¬ 
times negative for solutes in aqueous solutions. 

The values for A have been calculated for a number of solutes, 
and the results in table XV give the observed and calculated 
values for mixtures of these solutes. 
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Table XY. 

Freezing-point Determinations with ■more than One Solute in a 



Common 

Solvent. Solvent, 

Water. 



Solute. 

Value of 
“ 6 ” for 
solute. 

Percentage 
weight 
of solute. 

A. 

A r 

a 2 . 

Percentage 

difference 

between 

A and A... 

Glycerol 

Sucrose 

-sH 

00 

7? 

5-235 

16-867 

2-145 

2-057 

2-119 

-1*3 

Glycerol 

Sucrose 

.. -0-284 
.. -0-24 

10-90 

17-54 

3-48 

3-294 

3-431 

-1-4 

Alcohol 

Glycerol 

<© oo 

CM 

oo 

! i 

3-924 

8-64 

3-47 

3-320 

3-395 

— 2*1 

Alcohol 

Acetone... 

.. -0-403 
.. 0-235 

5- 474 

6- 251 

4-13 

4-058 

4-074 

-1-4 

Alcohol 

Acetone... 

-0-463 
... 0-235 

5-934 

13-555 

6-55 

6-393 

6-437 

-1-7 


It will lb© noticed that for the solutes and solvents considered, 
and in spite of the corrected method of calculation employed when 
several solutes are used together, an error of as much as 2 per 
cent, occurs in some cases. This error is sometimes positive and 
sometimes negative, and may he due, (i) to reaction between the 
various solutes, or (ii) to action of the solute on the solvent, or 
(iii) to experimental errors in determining the freezing point of 
the solutions. 

When freezing-point determinations are to be used for purposes 
of analysis, these errors have to be taken into account. Before 
the method can be applied directly to a given sample, the errors of 
determination must have been ascertained by experiments on some¬ 
what similar material. 

Summary 

(1) In freezing-point determinations, there may with advantage 
be substituted for IF, the weight of solvent, the expression W + but, 
where w is the weight of the solute and b is a constant which 
depends both on the solute and the solvent, and is at present'deter-.', 
minable only by experiment with the solute and solvent. 

(2) When several solutes are dissolved at one time in the same 
solvent, then, if b is positive for the individual solutes, the sum 
of the individual depressions of the freezing point by the various 
solutes is greater than the observed depression of the freezing 
point; if b is negative for each individual solute, the sum of the 
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individual depressions is less than the observed depression of the 
freezing point. 

(3) If several solutes are dissolved together in a solvent and 
the quantity of solvent he taken as W + w 1 b 1 + + w & b & +, 

where W is the actual weight of the solvent, and w v w 3 are 
the weights of the solutes, and b v & 2 , b 3 are the values of the 
constant b for each solute, as explained in paragraph (1) above, 
then the sum of the calculated values of the depressions of the 
individual solutes differs from the observed total depressions by 
only a small error in all cases considered by the author. 

I desire to thank Mr. C. H. Fischer for carrying out the experi¬ 
mental work described in this paper. 

Chemical Department, 

University or Sydney. [Received, April lUh, 1919.] 


LX.IL —The Use of Freezing-point Determinations in 
Quantitative Analysis, 

By Charles Edward Fawsitt. 

Considerable use has been made of freezing-point determinations 
as an aid to analytical work in recent years. 

The freezing point of a liquid like milk or blood serum has 
been used as a characteristic for these substances independently of 
what the constituent solutes are. 

Fox and Barker (J. Soc. Ghem. Ind., 1917, 36, 842) have made 
use of a determination of the freezing point to obtain the per¬ 
centage of phenol in commercial cresylic acid. There is a little 
uncertainty in using the freezing-point results in such a case, 
because the other substances in crude cresylic acid, namely, the 
three cresols, have all the same molecular weight. 

Weiss and Downs {ibid., 863) show that the percentage of phenol 
in tar oils may be determined by a freezing-point determination 
provided a density determination of the mixture is also carried 
out. ' ,' ' . . 

Drapier (Compt. rend., 1915, 161, 461) has suggested that the 
percentage of one ingredient A x in a mixture A could be obtained 
provided that one knows the lowering of the freezing point by the 
mixture A (solute) when dissolved in A j (solvent), and also when 
■A' is dissolved in some other solvent, S , which is not an ingredient 
of A. Drapier, however, has apparently not followed up this 
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Table XV. 

Freezing-point Determinations with, more than One Solute in a 




Common 

Solvent. 

Solvent , 

Water. 



No. 

1 

Solute. 

Glycerol 

Sucrose 

Value of 
“ b ” for 
solute. 
... -0*284 
... -0-24 

Percentage 

weight 

of solute. A. 

5*235 0 1 . K 

16*857 2 145 

Ar 

2*057 

A a . 

2*119 

Percentage 

difference 

between 

A and A.,. 

-1*3 

2 

Glycerol 

Sucrose 

... — 0-284 
... -0-24 

10-90 

17*54 

3-48 

3*294 

3*431 

-1*4 

3 

Alcohol 

Glycerol 

... -0*463 
... -0*284 

3*924 

8*64 

3*47 

3*320 

3*395 

-2*1 

4 

Alcohol 

Acetone.. 

... -0*463 
.... 0*236 

5- 474 

6- 251 

4-13 

4*058 

4*074 

-1*4 

5 

Alcohol 
Acetone. . 

-0*463 
.... 0*235 

5-934 

13-555 

6*55 

6*393 

6*437 

-1*7 


It will be noticed that for the solutes and solvents considered, 
and in spite of the corrected method of calculation employed when 
several solutes are used together, an error of as much as 2 per 
cent, occurs in some cases. This error is sometimes positive and 
sometimes negative, and may he due, (i) to reaction between the 
various solutes, or (ii) to action of the solute on the solvent, or 
(iii) to experimental errors in determining the freezing point of 
the solutions. 

When freezing-point determinations are to be used for purposes 
of analysis, these errors have to be taken into account. Before 
the method can be applied directly to a given sample, the errors of 
determination must have been ascertained by experiments on some¬ 
what similar material. 

Summary. 

(1) In freezing-point determinations, there may with advantage 
b© substituted for W, the weight of solvent, the expression W + bw } 
where w is the weight of the solute and h is a constant which 
depends both on the solute and the solvent, and is at present deter¬ 
minable only by experiment with the solute and solvent. 

(2) When several solutes are dissolved at one time in the same 
solvent, then, if h is positive for the individual solutes, the sum 
of the individual depressions of the freezing point by the various 
solutes is greater than the observed depression of the freezing 
point; if 6 is negative for each individual solute, the sum of the 
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individual depressions is less than the observed depression of the 
freezing point. 

(3) If several solutes are dissolved together in a solvent and 
the quantity of solvent be taken as W -\-w l b 1 + w 2 S 2 + w s b s +, 
where W is the actual weight of the solvent, and w ly are 

the weights of the solutes, and b v b 2 , b 3 are the values of the 
constant b for each solute, as explained in paragraph (1) above, 
then the sum of the calculated values of the depressions of the 
individual solutes differs from the observed total depressions by 
only a small error in all cases considered by the author. 

I desire to thank Mr. C. II. Fischer for carrying out the experi¬ 
mental work described in this paper. 

Chemical Department, 

University or Sydney. [Received, April 14 th, 1919.] 


LX.IL —The Use of Freezing-point Determinations in 
Quantitative Analysis. 

By Charles Edward Fawsitt. 

Considerable use has been made of freezing-point determinations 
as an aid to analytical work in recent years. 

The freezing point of a liquid like milk or blood serum has 
been used as a characteristic for these substances independently of 
what the constituent solutes are. 

Fox and Barker ( J . Sac. Chem. Ind 1917, 36, 842) have made 
use of a determination of the freezing point to obtain the per¬ 
centage of phenol in commercial cresylic acid. There is a little 
uncertainty in using the freezing-point results in such a case, 
because th© other substances in crude cresylic acid, namely, the 
three cresols, have all the same molecular weight. 

Weiss and Downs {ibid., 863) show that the percentage of phenol 
in tar oils may be determined by a freezing-point determination 
provided a density determination of the mixture is $(lso carried 

OUt. . ' ' 

Drapier (Compt. rend., 1915, 161, 461) has suggested that the 
percentage of one ingredient 4 * in a mixture 4 c/uld be obtained 
provided that one knows the lowering of the freeing point by the 
mixture 4 (solute) when dissolved in A x (solvent), and also when 
4 is dissolved in some other solvent, S, which is not an ingredient 
of 4. Drapier, however, has apparently nob followed up this 
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suggestion by publishing any experimental support for the method, 
It seemed to the author, however, that this method was worth 
while investigating. 

Theoretical .—Let us suppose that the depression of freezing 
point produced by dissolving a solute in a solvent is (1) propor¬ 
tional to the concentration of the solute, (2) inversely pro¬ 
portional to the molecular weight of the solute if equal weights of 
different solutes are compared; let us suppose, further, (3) that a 
solute exercises its usual effect in depressing the freezing point of 
a solvent independently of the presence or absence of other solutes. 

Conditions (1) and (2) are approximately true for most dilute 
solutions. The effect of one solute on the depression of the freez¬ 
ing point of a solvent, when another second solute is present (3), 
has not yet been very thoroughly investigated, but in several in¬ 
vestigated cases (3) certainly does not hold quite true even in 
dilute solution (see preceding paper). In developing the theory 
of this process it will, however, be assumed in the first instance that 
(1), (2), and (3) hold good. Consider a liquid mixture A. The 
mixture A is made up of several ingredients, A lt A^ A 3 , A 4 , etc. 

. . .An. It is required to find out the percentage of the ingredient 
A v The ingredient ■ A 1 must be such that it is capable of being 
frozen at a convenient temperature. 

Obtain also a solvent, S\ in which A is completely soluble; S 
must also be a substance (liquid) which can be frozen at a con¬ 
venient temperature. 

A small quantity, a, of the substance A is dissolved in P grams 
of the solvent S, and the depression in the freezing point of S 
noted. Call this A s . Also a quantity of the mixture A, say b 
grams, is dissolved in Q grams of the solvent A l5 and the depression 
in the freezing point of A x —Aa x noted. 

further,:' let a—a 1 -ha s + aQ+a 4 . . where %, bs 2 , etc., are the 
weights of the several ingredients A 1? A 2 , etc., in a; let 
where b 1} b 2) etc., are the weights of the 
ingredients A i > A 2 , etc., in 6 ; let Aj=the cryoscopic constant for 
the solvent, &^|hat is, the depression produced in the freezing 
point of S by dis^ving in 1000 grams of S one gram-molecular 
weight of any solutb>. let 2T 2 =the cryoscopic constant for the 
solvent Aj; let m x , m 2 , m 3 . . . be the molecular weights of the 
constituents A 1? A 2 , A 3 . . ., then 


1000 (a x 

P~~ U," 



Q + b 1 (m 2 + 


and 


% +.) • • • ( 2 ) 

% / 
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Now if afb =r, ( 2 ) becomes 
1000 K. 


A Al 


(Q + b. 

Multiplying equation ( 1 ) by 


( a 2 

'i )r ' V 2 


(3) 


(QTljr’ “ d (3) hr p> we S et 


a.' 


P 


^ZgxlOOO a, 
P . ((J + ^q). r ‘ w 2 

m, ( K^A S P -K-y&A ! r Q) 
'K^mO K. + m^) 


<4) 


It has, however, been pointed out (see preceding paper) that in 
dealing with, ordinary concentrations, the weights of solvent should 
not be taken as P and (Q + b i), but that these values should be 
corrected by the addition of a term depending on the weight of 
solute present. P would then become 

P + 8jflq + d ®3^3 + S4U4 -p . . 

where 8,, 8 2 , 8 a . . . are constants for each ingredient of the 
solute = P + 8 &, where 8 is the average value of the constants 
® 2 > h for the several ingredients of the solute A. Similarly, 
Q + b x would become $ + &i + 7(62 + 63 + 64 + . . .), where y is the 
average value of the correction factor for the solutes A z> A s , 
A 4 , A 5 , etc. 

Formula (4) then becomes 

a = m £K^s( p + &*) ~ KAaJQ + y(b ~ & T )}r] 

1 ~ 1^(1000 + ~ * W 


It may be wondered how the value for b x can be obtained for 
insertion in this formula (5). To obtain this, a calculation of a x 
is first made, using formula (4). Then b 1 ~a 1 lr. This value, 
which is only roughly, but yet sufficiently, accurate is used for a 
more accurate determination of a 1? according to equation (5). 

The values of 8 and y can be obtained directly from the experi¬ 
ment used in determining oq. 

In many cases it will be necessary to introduce a further correc¬ 
tion in the formula. It has§already been pointed out in the pre¬ 
ceding paper that the depression of freezing points caused by a 
number of solutes in one solvent is somewhat different from the 
expected value even after due allowance has been made by the 
correction in the amount of solvent as used in obtaining equation 
(5) from equation (4). 

The values of A s and A Al should, then, be corrected further by 
an amount which can only be determined by previous experiment 
on the class of solute which is under investigation. 
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Let us use the correction factors (constants) U and F for A s 
and .4.jj. 

The percentage of A 1 in A is then 

100 . mlK^UiPh)\ r • F 1 (Q\ 
a. JC 1 [1000jf 2 + • \ f 

Another correction which must sometimes be introduced is due 
to the fact that when A x is dissolved in the solvent S, the calcu¬ 
lated molecular weight may not he exactly m x , but some other 
value, say m\. This value* if appreciably different from m lf 
should be substituted for m v The formula to he used is then: 
percentage of 

i _ 100.m,'[Sr,A,Cr(P + S«)-S: i A^ 1 {Q + v(i-J,) l l rT 7 ] /7V 
1 ajqiOOO/C, l . K > 

In considering what estimations the method might usefully be 
applied to, the author thought that the determination of (a) 
benzene in light coal-tar oils was a suitable case, also (6) the deter¬ 
mination of cineole in eucalyptus oils. With regard to (a), the 
determination of benzene can be obtained approximately (1) by 
distillation, (2) sometimes by direct determination of the freezing 
point, especially after addition of extra benzene, (3) by nitration, 
with subsequent determination of the products, but the method 
at present under discussion would sometimes be found more 
suitable. 

With regard to the determination of cineole in eucalyptus oils, 
the phosphoric acid method, although fairly satisfactory as a rule, 
requires a comparatively large quantity of oil (10 grains). The 
resorcinol method has been used a good deal lately by H. Gr. Smith, 
but he has informed the author that in certain cases it is not 
trustworthy.'; 

In the following experiments, as ordinary “ Beckmann ” type 
of thermometer graduated to 0’01° was used. 

Estimation of Benzene in Mixtures . 

# 

The mixtures were used as,.solutes in depressing the freezing- 
point of nitrobenzene and of benzene. 

Ag for benzene = 5-0; K 1 for nitrobenzene — 7*0. 

The results were calculated according to the formula : percentage 
6 'f benzene = 

100 x 78[5 . A,. (P + 2-3 a) . 1*013 - 7 . & A} . {Q + 1-4(5. - b s )} . 1*008 . r] 
~~a. 7 . (5000 + A4i . 78] ' ' ,V : 
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Mixture A. 

The composition of the mixture ■was: benzene 68-85, toluene 
31T 5 per cent. 


Table I. 


Freezi'i 

'ig-point Determinations \ 


Table II. 

in Ni 

'trohenzene 

as Solvent. 


Solvent, Benzene. 


Percentage 



Percentage 

No. 

of solute. 

A s . 

No. 

of solute. A Ay 

1 

1-010 

0-86 

1 

1-580 0-30 

2 

2-159 

1-819 

2 

3-941 0-702 

3 

2-974 

2-439 

3 

6-541 1-130 

4 

4-070 

3-266 

4 

9-22 1-650 

5 

5-211 

4*07 

5 

11-88 1*920 


Table III. 

Calculation • of ''Percentage of Benzene in Mixture A. 

Observations used. 

/•-‘-x Percentage 

Table I. Table II. calculated. 

No. 1 No* 2 69-6 

3 3 70-2 

5 5 70*4 


Mixture B. 

The composition of the mixture was: benzene 15'3, toluene 62‘4> 
m-xylene 32-3 per cent. 



Table IV. 


■ ■ 

Table V 


Solvent, Nitrohei 

izenc. 


Solvent, Bern 

zene. 

No. 

Percentage 
of solute. 

A s . 

No,' 

Percentage. 

Ajj. 

1 

1*383 

1-040 

! . 1 

1*392 

0*642 

2 

2*589 

1-909 

! 2 

3*131 

1-438 

3 

3*853 

2*800 

3 

4-844 

2*169 

4 

5*273 

3*691 

4 

6*409 

2*789 

5 

6-287 

4*323 

5 

7*734 

3*299 


Table VI. * 

Calculation, of Percentage of Benzene in Mixture B. 


Observations used. 

^-- Percentage 

Table IV. Table V. calculated. 

No. 1 No. 1 14*1 

2 2 13*4 

3 3 14*9 

4 <4 15-0 
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Mixture C. 

The composition of the mixture was: benzene 10*00, toluene 
6T48, m-xylene 9T9, o-xylene 8*56, 2 ?_x yi ene ’ 9*06, thiophen 1*71 
per cent. 

Table VII. I 


Solvent, Nitrobenzene . J Table VIII. 


No. 

Percentage 
of solute. 

A,. 

No. 

Percentage 
of solute. 

AA,. 

1 

1*193 

0*898 

1 

1*488 

0*737 

2 

2*302 

1*684 

i 2 

2*925 

1*417 

3 

3*627 

2*577 

; 3 

4-248 

1*980 


Table IX. 

Calculation of Percentage of Benzene in Mixture C. 
Observations used. 

--■'-> Percentages 

Table VII. Table VIII. calculated. 

1 1 8-3 

3 3 10-2 


Estimation of Cineole in Mixtures. 

The mixtures were made of cineole, pinene, and 7-ct-phellandreue. 
The mixtures were used as solutes in depressing the freezing 
points of benzene and of cineole. 

K x for benzene=5*0 \ for cineole=6‘7. 

The results were calculated according to the formula *. percentage 
of cineole = 

100 x 146[6*7 . 1*02. A s . (100 + l-7a) 

-5*0 x 1*04 . S Al . {100+ 1*7(6 — 

.. “. a. 5(6700 + A^ .146]... 7 . .;‘" T " 

It will be noticed that 146 (obtained by experiment) was used 
for the molecular weight of cineole in benzene, instead of 154, the 
theoretical value. 

Mixture D. 

The composition of the mixture was: cineole 67*1, pinene 17*5, 
phellandrene 15*4 per cent. 

Table X . Table XI. 

Solvent , Benzene. Solvent , Cineole . 


No. 

Percentage 
of solute. 

A,. 

No, 

Percentage 
of solute. 

Ajj. 

1 

1*887 

0*642 

1 

3-59 

0*568 

2 

3*948 

1*313 

2 

8*20 

1*262 

3 

5*759 

1*881 

3 

13*72 

2*051 
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Table XII. 

Calculation of Percentage of Cineole in Mixture D, 


Observations used. 


Table X. 


Percentage 

Table XI. 

calculated. 

1 

1 

67-2 

2 

2 

68-5 

3 

3 

67-8 


Mixture E. 

The composition of the mixture was: cineole 29"2, pinene 37’6, 
phellandrene 33*2 per cent. 

Table XIII. > -Table XIY. 


Solvent, Benzene. j Solve?it, Cineole. 


No. 

Percentage 
of solute. 

A,. 

Percentage 
No. of solute. 

AJj. 

1 

1*786 

0*633 

1 1-48 

0-518 

2 

3-57 

1-244 

2 3-957 

1-356 

3 

5-39 

1-832 

3 6-63 

2-210 


Table XY. 

Calculation of Percentage of Cineole. 

Observations used. 

--:--> Percentage 

Table XIII. Table XIV. calculated. 

1 1 28-4 

2 2 28-1 

3 3 29-4 

Mixture F. 

The composition of the mixture was: cineole 54-3, pinene 24/3, 
phellandrene 21-4 per cent. 

Table XVI. Table XYII. 

Solvent, Benzene. Solvent, Cineole. 

Percentage Percentage 

No. of solute. A a . No. of solute. A 

1 1-708 0-599 1 2-124 0-479 

2 3-596 1-219 2 7-580 1*655 

Table XVIII. 

Calculation of Percentage of Cineole in Mixture F. 
Observations used. 

,-—— 1 ---, .Percentage 

Table XVI. Table XVII calculated. 

1 1 55-0 

2 2 52*9 
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From these results, it will be seen that the calculation yields 
figures which are within about 2 units of the true percentage. 
This error is completely accounted for by errors of experiment, 
more particularly the reading of the thermometer. It is not 
possible to be sure that the calculated percentage is any nearer 
to the true result than this, using the Beckmann freezing-point 
apparatus in the ordinary way. As unknown mixtures might in 
some cases contain unknown ingredients, it would be impossible, 
unless with previous experience with similar mixtures, to know 
the values of U and V in equation (7),. and any tentative value 
used for U or V might result in a rather large error in the calcu¬ 
lated percentage. In certain cases of this kind experimented on, 
the error in the percentage was as high as 8 units. The error is 
stated above as so many units, because in the formula (7), for the 
calculation of the percentage of A 1} one term containing is 
subtracted from another containing At, giving a number which 
varies directly as the final result (percentage, of Aj). It is not 
therefore possible to express the error of experiment as a per¬ 
centage. 

Summary. 

The method of estimating an ingredient A x in a substance A by 
finding the freezing-point depression of A in A 1 (as solvent), and 
also in some other solvent, S, may be applied in special cases 
where, it is possible to experiment previously with samples of sub¬ 
stance somewhat similar to A. The percentage of A 1 can then 
bo determined in certain cases to an accuracy of about two units 
with the ordinary freezing-point apparatus. 

When it is not possible to experiment with the same class of 
substance beforehand, the method of determination is liable to 
give a result with a much larger error. The method can there¬ 
fore only be recommended when (1) there has been previous ex¬ 
perience with the same class of substance, or (2) when other 
possible methods of determination are not capable of a greater 
degree of accuracy, or (3) where other methods require for their 
successful application a larger quantity of substance than is avail¬ 
able. The freezing-point method already described requires for 
its successful application about 1 gram of substance, but it is more 
satisfactory if a larger amount, say 4—6 grams, is available. 

I wish to thank Mr. C. H, Fischer for carrying out the experi¬ 
mental work in this paper, 

Chemical Department, 

Uotversitv or Sxjdstet, [Received, April l&th, 1910.] 
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LXIil .—The Constitution of the Disaccharides .. 
Part III. Maltose. 

By Walter 1ST orman Haworth and Grace Gumming Leitch. 

Maltose is a reducing sugar winch yields, on hydrolysis with 
dilute acid or with the enzyme maltase, two molecular proportions 
of glucose. Consequently, it is regarded as a biose having the 
reducing group of one glucose molecule united through an 
anhydride linking with a second glucose residue. Confirmation 
of this view is found in the oxidation of maltose to maltobionic 
acid, which gives rise on hydrolysis to glucose and gluconic acid 
(Fischer and Meyer, Ber. } 1889, 22, 1941). 

No evidence has hitherto been available indicating which of 
the hydroxyl groups of the second glucose residue is involved in 
this union (see formula I). The present authors have shown in 
Part XI of this series of communications (T., 1918, 113, 188) that 
in lactose the reducing group of the galactose residue is linked with 
the hydroxyl group of the penultimate carbon atom of the glucose 
molecule. The possibility that this mode of linking was present 
also in maltose appeared improbable in view of Hudson’s observa¬ 
tion (/. Arner. Chem. Soe. } 1916, 38. 1566) that lactose exhibits 
a close parallelism with cellobiose and not with melibiose, to which 
a different constitution has been assigned (Haworth and Leitch, 
loc. cit.). There was, however, no definite ground for excluding 
this possibility in the case of maltose, nor, indeed, for assuming 
that any one hydroxyl group attached to the third, fifth, or sixth 
carbon atom from the reducing end of the second glucose chain 
could not equally well be concerned in the union of the two mole¬ 
cules of the hexose. 

In the course of the present investigation, this uncertainty has 
been removed, and it has been shown that maltose must have the 
constitution indicated below, and thus corresponds structurally, 
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among the diglucose disaccharides, with melibiose of the glucose- 
galactose class. 

This constitution assigned to maltose is identical with the 
current provisional formula which has found expression in recent 
text-books, and was proposed, along with alternative formulas, by 
Fischer (“ Untersuchungen fiber Kohlenhydrate und Fermente,” 
1884—1908, p. 92). 

Following the general lines indicated in the previous research 
on lactose ( loc . cit.), the methylation of maltose was effected by 
the agency of methyl sulphate and sodium hydroxide, and, as a 
precautionary measure designed to ensure that methylation was 
complete, the material isolated from this reaction was finally sub¬ 
mitted to an alternative treatment with Purdie's reagent, namely, 
silver oxide and methyl iodide. Eight methyl groups were found 
to have been introduced into the maltose molecule, and hepta- 
methyl methylmaltoside (VII), corresponding in the degree of sub¬ 
stitution with the known octa-acetylmaltose, was isolated as a 
colourless gum, which distilled as a mobile syrup at 189—190°/ 
0 f 09 mm. The compound was soluble in water and did not 
reduce Fehling’s solution. It dissolved freely in methyl or ethyl 
alcohol or acetone, and showed [a] D + 89*6°, the equilibrium value 
for maltose itself being 137-7°. 

There can be little doubt, in view of other results obtained in 
methylating reducing sugars with methyl sulphate, that this sub¬ 
stance is chiefly the /3-form, containing also the stereochemical 
(^modification. 

When heptamethyl methylmaltoside was hydrolysed with 5 per 
cent, aqueous hydrochloric acid for three hours at '85 ; —100°, a mix¬ 
ture of tetramethyl and trimethyl glucoses was obtained as the 
product of cleavage. This was a mobile syrup, and the separation 
of the two constituents was effected by careful fractionation in the 
high vacuum of the Gaede pump. Two pure fractions, collected 
at 13l°/Q'3 mm. and at 171°/0’23 mm., were isolated along with 
the transition fraction distilling at temperatures intermediate 
between these limits. From the transition fraction, as will be 
shown later, more of the pure fractions was isolated. The first 
fraction, distilling at the lower temperature, crystallised immedi¬ 
ately on nucleation with a crystal of tetramethyl glucose (VIII), 
and its complete identity with the latter substance was proved by 
determination of the melting point and also of that of a mixture 
with an authentic specimen of tetramethyl glucose. The specific 
rotation of the specimen derived from the hydrolysis of the 
methylated methylmaltoside was in agreement with the accepted 
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equilibrium value, winch, is [a] D + 83°. We can therefore confirm 
the similar observation made by Purdie and Irvine (T., 1905, 87, 
1029), who also isolated this compound from the product obtained 
by methylating maltose with silver oxide and methyl iodide. 

The identification of the substance distilling at 171°/0*23 min. 
presented greater difficulty. The analytical results were in agree¬ 
ment with the formula of a trimethyl glucose. It reduced 
Fehling’s solution, and its comparative stability towards perman¬ 
ganate indicated that it was a reducing sugar of the butylene oxide 
type. It did not crystallise after nucleation with a specimen of 
the trimethyl glucose isolated from the hydrolysis of heptamethyl 
metliyl-lactoside (Haworth and Leitch, Joe „ cit.), and failed to give 
an osazone with phenylhydrazine. Of the four formulae possible 
for a trimethyl glucose of the butylene oxide type, those numbered 
III and Y may for these reasons be excluded from immediate con- 


sideration. 
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Moreover, it is clear from the presentation of these four possible 
formulae that if proof could be found for the presence of a free 
primary alcohol group in the trimethyl glucose isolated during 
this investigation, this fact would definitely determine the con¬ 
stitution of the trimethyl hexose, as this terminal hydroxyl group 
is only present in formula II. 

Accordingly, the trimethyl glucose was carefully oxidised with 
dilute nitric acid (B 1*2), and a liquid carboxylic acid was isolated 
which was shown also to be a lactone. On titration with N j 10- 
alkali, an apparent neutral point was reached when rather less 
than one molecular proportion of alkali was'introduced, and its 
behaviour on the subsequent addition of more alkali showed that 
a lactone ring was undergoing scission. Two molecular propor¬ 
tions of alkali were needed for complete neutralisation. The 
analytical data indicated that the lactonic acid had the molecular 
formula C 0 H 14 O 7 , and contained three methexyl groups. Its con¬ 
stitution can therefore only be represented by formula YI, and 
consequently the formula of the trimethyl glucose, from which by 

H H 2 
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oxidation the lactonic acid was obtained, is represented by 
formula II, 


jCH-OH 


r?° 

^CH-OMe 


^CH’OMe 

| CH-OMe 

Oxidation, 

I CH-OMe 

L CH 
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CH’OMe 
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co 2 h 

(II.) 


(VI.) 


Tii© product of oxidation is thus trimethyl saccharo-rmmolactoue, 
and the primary alcohol group is shown to be present in the tri¬ 
methyl glucose, since only such a group could undergo oxidation to 
a carboxyl group. This primary alcohol group has become exposed 
during the dissolution of partnership with the second methylated 
glucose residue occasioned by the hydrolysis of the biose. 

The change in rotatory power, characteristic of lactones of the 
sugar series, was observed in the case of the lactonic acid. In 
aqueous solution, the value decreased from [a] D + 78° to + 40° 
during four hours. In contact with a trace of hydrochloric acid, 
the value increased again to +56°. 

A molecular weight determination in acetone solution by the 
ebuHioscopic method gave the number 242, which is in fairly close 
agreement with that required (234) for the molecular formula 

The behaviour of heptametliyl methylmaltoside (VII) on hydro¬ 
lysis must therefore be formulated by the scheme outlined below, 
the dotted lines indicating the points of cleavage: 
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Inasmuch as ordinary crystalline maltose is hydrolysed by con¬ 
tact with the enzyme maltase and not by emuisin, the disaccharide 
is to be regarded as glucose-a-gluooside, and since it exhibits an 
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upward mutarotation and belongs to the df-series, it may be 
described stereochemically as £-glucose-a-glucoside, and is struc¬ 
turally represented by formula I (p. 809). 4soMaltose lias prob¬ 
ably the same structure, but is a glucose-j8-glucoside. Maltose 
resembles melibiose in its behaviour (Bau, Chem. Zeit , 1897, 21, 
186), and so also cellobiose has properties in common with, lactose 
(Hudson, loc. cit.). Definite structural formulas have been assigned 
to one member in each of these pairs of disaccharides,, namely, 
lactose and maltose, and it is legitimate, therefore, to assign a 
provisional structural formula to cellobiose (IX), especially in view 
of the fact that Denham and Woodhouse isolated from, methylated 
cellulose on hydrolysis the same crystalline trimetliyl glucose as 
the present authors obtained from methylated lactose (T., 1917, 
111, 244; 1918, 118, 188). This cellobiose formula is of the same 
structural type as lactose: 


-PTT-- n 
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(IX.) 

Experiments are at present in progress to confirm this pro¬ 
visional constitution. 

Experimental. 

Methylation, of Maltose with Methyl Sulphate: Preparation of 
Beptamethyl Methyhnaltoside. 

Maltose (30 grams) prepared by the action of barley diastase 
on potato starch was dissolved in the minimum volume of warm 
water. To the cooled solution methyl, sulphate (28’5 c.c.) was 
added, and a 30 per cent, solution of sodium hydroxide (29 c.c.) 
was introduced very gradually with stirring. During the addition 
of the latter, the temperature was maintained at 35—-40°. and 
the mixture kept overnight. The reducing action of the maltose 
towards Eehling’s solution had then completely disappeared, and 
methylmaltoside had obviously been formed. The methyl&tion of 
the remaining hydroxyl groups was effected at 70°, and the solu¬ 
tion maintained faintly alkaline throughout. Methyl sulphate 
(85‘5 c.c.) was added slowly at this temperature with efficient 
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mechanical stirring 1 , and simultaneously 30 per cent, sodium hydr¬ 
oxide (82 c.c.) was introduced. It is important that the reagents 
should be added very gradually; a separate dropping funnel was 
kept for each reagent. The second part of the inethylation, which 
has just been described, occupied one and a-half hours, after which 
the temperature was raised to- 100° for half an hour. Extraction 
of the methylated maltoside with chloroform yielded, after drying 
over anhydrous magnesium sulphate and distillation of the solvent, 
39 grams of a crude, straw-yellow syrup. This was subjected to 
another similar methylation at 70° with methyl sulphate, and, 
after careful removal of the whole of the chloroform used for the 
extraction, the residue weighed 28*2 grams. 

By distillation in the high vacuum of the Gaede pump, 23 grams 
of a colourless syrup were collected at about 195°/0-28 mm. In 
order to ensure complete methylation of all the hydroxyl groups, 
this product was again methylated with alternative reagents, 
namely, with silver oxide and methyl iodide. The material was 
isolated in the usual way after this treatment, and yielded a colour¬ 
less syrup distilling at 187°/O’06 mm. AH the still residues were 
again methylated, and provided a further quantity of the required 
product. At this stage, the material from several preparations 
was combined and redistilled, when almost the whole distilled at 
189-—190°/0‘09 mm., and showed T4698. The compound was 
devoid of any reducing action on Fehling’s solution, and behaved 
as a glucoside. 

A methoxyl estimation indicated that complete methylation had 
taken place, eight methoxyl groups having been inserted in the 
maltose residue: 

0-1290 gave 0-2493 C0 2 and 0’0957 H 2 0. C = 52-7; H = 8’24. 

0-0995 „ 0‘4034 Agl. OMe=53’52. 

Ci 2 H 14 O s (OMe) 8 requires 0=52-86; H = 8-37; OMe = 54*63 per 
cent. 

The specific rotation of the heptamethyl methylmaltoside was 
determined in various solvents as follows: 

Solvent. c. a D . 

Methyl alcohol . 1-313 * 4-89-5° 

Ethyl alcohol...._.... 1-395 4-89-6° 

Acetone . 1-173 4-89-5° 

Water . 1-345 +81-4° 

As the specific rotation in water appears slightly lower than was 

expected, an opportunity will be taken to confirm this value. 
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Hydrolysis of Heptamethyl Methylmalt aside. 

Preliminary experiments indicated tliat the hydrolysis could best 
be effected with 5 per cent, aqueous hydrochloric acid solution at 
85—100°. These conditions were also observed with the main bulk 
of the material, weighing 30 grams, which was dissolved in 400 c.c. 
of dilute acid of the above concentration. The solution was heated 
for one and a-kalf hours at 85°, and for a similar period at 100°. 
The mixture showed an initial rotation of a +12-9°, and the final 
reading was 9'8°. Further heating of a small sample of the solu¬ 
tion produced no change in the rotation value. The procedure 
for the isolation of the products consisted in neutralisation with 
excess of barium carbonate, followed by filtration and evapor¬ 
ation of the filtrate under diminished pressure, when a syrup con¬ 
taminated with barium chloride was obtained. The mineral 
matter was removed by extraction of the syrup with alcohol. 
After removal of this solvent, the residue was extracted with ether 
and the ethereal solution distilled. The syrup isolated in this 
way weighed 25 grams, and was carefully fractionated in a high 
vacuum. 

Fraction I.—B. p. 120—131°/0“3 mm. Weight, 8-2 grams. 

„ II.—B. p. 131—155°/0‘23 mm. Weight, 8'4 grams. 

„ III.—B. p. 171°/0*23 mm. Weight, 5‘4 grams. 

The first of these fractions crystallised immediately on nuclea- 
tion with a specimen of tetramethyl glucose of the butylene oxide 
form. Fraction II was obviously a transition fraction which partly 
crystallised, and from it further quantities of the first and third 
fractions were ultimately obtained by repeated distillation. 
Fraction III had a boiling point which corresponded with that 
of a trimethyl hexose. All the fractions were colourless syrups 
which failed to give osazones and were not easily oxidised with 
permanganate. A recrystallisation of fraction I produced the 
easily recognisable needles of tetramethyl glucose, and its identity 
with this compound was shown by the rotatory power (see Purdie 
and Irvine, T., 1904, 85, 1049), which was [o] D + 83° (equilibrium 
value) in water. Moreover, the melting point was correct for this 
substance, and a mixed melting-point determination showed no 
depression. The isolation of this substance from methylated 
maltose confirms the earlier observation recorded by Purdie and 
Irvine (T., 1905, 87, 1029). 

An analysis of fraction III, which showed rc p 1-4792, gave the 
following results; 
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0-1394 gave 0*2480 C0 2 and 0*1060 H 2 0. 0 = 48*52; H = 8‘02. 

C 9 H 18 0 6 requires 0 = 48-62; H = 8*X1 per cent. 

An estimation of the methoxyl content characterised the sub¬ 
stance as a trimethyl hexose: 

0-1120 gave 0*3527 Agl. OMe=41*6. 

O 0 H 9 O 3 (OMe) 3 requires OMe=41*9 per cent. 

The specific rotatory power of the trimethyl hexose was deter¬ 
mined as follows: 


Solvent. c. a u . 

Methyl alcohol. 2-123 +67-8° 

Acetone. 2-151 +61-4° 

Water . 1-816 +69-3° •—> 71*0° (final value) 


Oxidation .-—With the object of determining the constitution of 
this hexose derivative, which clearly must represent one • of the 
glucose residues of the maltose molecule, and therefore must be 
a trimethyl glucose, 3*5 grams of the substance were oxidised by 
gentle digestion with 40 c.c. of dilute nitric acid (D 1*2). To 
initiate the reaction, the temperature was maintained at 80° for 
a few minutes, and thereafter at 68° for three and a-half hours. 
Nitrous fumes had ceased to he evolved by this time, and the 
solution was almost colourless. The water was evaporated under 
diminished pressure at 35—40°; more water was repeatedly 
added during this procedure, and the solution again concentrated 
with the view of removing the whole of the nitric acid. Similar 
treatments with ethyl alcohol, followed by evaporation in a 
vacuum, served to eliminate the mineral acid, and the procedure 
was repeated with dry ether. Finally, a pale yellow syrup was 
obtained, which was dried and prepared for analysis by heating 
at 90° in a vacuum while passing through it a current of dry air. 
The weight of this Oxidation product was 2*7 grains: 

0*1094 gave 0*1847 C0 2 and 0*0618 H 2 0. C = 46’03; H = 6*26. 
0*0999 „ 0-2720 Agl. OMe=35*9.“ 

C (! H rj 0 4 (QMe) 3 requires € — 46*15; H—6-0; OMe = 39’7 per cent. 

From, the above figures, the substance appeared to be a trimethyl 
saccharolactone, and this view was confirmed by titration with 
alkali. . . ' 

0*0995 Gram was dissolved in dilute alcohol and rapidly 
titrated with N /10-sodium hydroxide, using phenolphthalein as. 
indicator. When about 4*5 c.c. of the standard alkali had been 
added, the colour of the indicator remained for a few minutes and 
then disappeared. With each subsequent addition of alkali up 
to the amount of 9 c.c., the same phenomenon was observed. 
Excess of alkali was now introduced and the solution heated for 
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half an hour, and finally titrated to neutral point with standard 
acid. The amount of Nj 10-sodium hydroxide required for the 
complete neutralisation was 9*8 c.c., whereas a lactonic acid of the 
formula 0 9 H 14 0 7 requires 9*7 c.c. 

The specific rotation of trimethyl saccharolacton© was determined 
in aqueous solution, and showed [a] D 78°, falling to the value +40° 
after four hours. On catalysis with a trace of hydrochloric acid, 
the value again increased to +56°. A molecular weight deter¬ 
mination in acetone solution by the ebullioscopic method gave 
the number 242, whilst the molecular weight required by the 
formula of tbe lactonic acid, C 9 H 14 0 7 , is 234. 

The authors are grateful to the Carnegie Trust for the grant of 
a Research Fellowship to one of them. 

United College or St. Salvator and St. Leonard, 

University or St. Andrews. 

[Received, June 2nd, 1919.] 


LXiy.— -Condensation of Deoxybenzoin and Aldehydes . 

By Ananda Kisore Das and Beojendha Nath Ghosh. 

It has been shown that aromatic o-hydroxy-aldehydes condense 
with-substances containing *CO*CH a *CG* groups as in 1:3-diketo- 
hydrindeu© (Sastry and Ghosh, T., 1915, 107, 1442), and in acetyl 
or benzoyl acetone (Chatter je© and Ghosh, T., 1918, 113, 444) to 
form pyranol derivatives of the type 



In order to extend this investigation, a substance of a similar 
type, namely, deoxybenzoin, was employed. In this case, instead 
of a *CG*CH s *CO group, a *CH 2 * group is situated between one 
•CO* group and the other phenyl group. 

Several investigators have studied the interaction of benzaldehyde 
and deoxybenzoin, both acid and alkali being used as condensing 
agents (Japp and Klingemann, Ber. } 1888, 21, 2935; Knoevenagel 
and Weissgerber, Ber., 1893, 28, 337; Stobbe and Niedenzu, Ber., 
1901, 34, 3897; Klages and Tetzner, Ber., 1902, 35, 3971). 

As our object was to synthesise pyranol derivatives, we began 

H H* 



818 


DAS AND GHOSH: CONDENSATION OF 


with the condensation of salicylaldehyde and deoxybenzoin. It 
appeared that in the presence of alkali hydroxides, the condensa¬ 
tion might proceed in the following way: 

COPh Oh/N COPh Oh/N 

CH 2 Ph + CHo \/ 6pt>:=Cfl\y ’ 

giving salicylidenedeoxybenzoin, which in the presence of hydrogen 
chloride might yield 2:3-diphenylbenzopyronimn chloride (I). 


OC1 

PhC^ N V / \ 

Ph< V\/' 

CH 

(I.) 


Accordingly, we conducted the reaction in the presence of alkali 
hydroxide, but found that no condensation took place under the 
conditions of the experiment. With hydrogen chloride, however, 
we obtained the desired compound. Decker and von Fellenberg 
(Annalen, 1909, 364, 31) obtained the corresponding ferrichloride. 

It was also found that no interaction took place between 
p-hydroxybenzaldehyde and deoxybenzoin in the presence of alkali 
hydroxide, but with hydrogen chloride the condensation product 
was formed ; it could not, however, be obtained in a pure state. 

Failing to obtain condensation products in the above two cases 
with alkali hydroxide, we extended the experiment to other 
aldehydes, such as anisaldehyde, piperonal, and p-tolualdehyde, 
using both alkali hydroxide and hydrogen chloride as condensing 
agents. In each case, a distinct condensation product was isolated. 
At present we are not in a position to offer an explanation of the 
apparent inactivity of o- and p-hydroxybenzaldekyde and deoxy¬ 
benzoin in the presence of alkali hydroxide, but hope to deal with 
this point in a future communication. 


Experimental. 

Attempted Condensation of Salicylaldehyde and Deoxybenzoin in 
the Presence of Alkali Hydroxide. 

.■■1*2 Grams of salicylaldehyde and deoxybenzoin were dissolved in 
methyl alcohol, and to the mixture 3 grams of potassium hydroxide 
dissolved in 5 c.c. of water were added. The whole was then 
heated for two hours. A clear solution was obtained which, on 
the addition of water, gave a crystalline substance. This was 
collected, and the solution was acidified, but no solid substance 
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2:3 -Diphenylbenzopyroniiim Chloride (I). 

A solution of 2 grains of deoxybenzoin and 1-2 grams of salicyl- 
aldehyde in ■ inethyl alcohol was saturated with dry hydrogen 
chloride. The colour of the solution changed from yellow to pink. 
It was kept overnight, but no precipitate separated. On the addi¬ 
tion of very dilute hydrochloric acid, a dark red substance 
separated, which was dissolved in alcohol and reprecipitated by 
the addition of dilute hydrochloric acid, collected, washed with 
dilute hydrochloric acid, and kept in a vacuum over potassium 
hydroxide. On long keeping, it gradually became viscid. A por¬ 
tion of it, which was crystalline, was analysed: 

0-1668 gave 0-4827 C0 2 and 0’0750 H 2 0. 0 = 789; H=5*0. 

C 21 H 15 0C1 requires C = 79T; H = 4-7 per cent. 

The compound darkens at 85° and melts and decomposes at 176°. 


Attempted Condensation of p-Hydroxybenzaldchyde and 
Deoxybenzoin in the Presence of Alkali Hydroxide. 

A inethyl-alcoholic solution of 1*2 grams of p-hydroxvbenz- 
aldehyde and 2 grams of deoxybenzoin was heated for about an 
hour with 3 grams of potassium hydroxide dissolved in 5 c.c, of 
water. A clear liquid was obtained, which was acidified as before, 
but nothing separated. 

A condensation product was, however, obtained with hydrogen 
chloride as the condensing agent, but this compound could not be 
crystallised, and as it melted very indefinitely (170—185°), it 
appeared to be a mixture which could not be easily separated. 

a-p-Methoxybenzplidenededxybenzoin. 

A current of dry hydrogen chloride was passed through a methyl- 
alcoholic solution of molecular quantities of anisaldehyde and 
deoxybenzoin for a few minutes. After allowing the solution to 
remain for two days, a crystalline substance separated, which was 
collected and recrystallised from alcohol. It separated in colour¬ 
less needles melting at 113°. (Found: '0=83*77; H=5’8. 

0 22 H 18 0 2 requires 0 = 84*09; H = 5*70 per cent.) 

p-M e thoxy-a-chlorob enzylde. oxybe nzoin. 

This was prepared by supersaturating a methyl-alcoholic solu¬ 
tion of molecular quantities of anisaldehyde and deoxybenzoin with 

■ BE BE 2* 
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dry hydrogen chloride. The substance began to separate at once 
from the solution, and was collected next day. It was recrystal¬ 
lised from acetic acid, when it separated in colourless needles melt¬ 
ing and decomposing at 152° (Klages and Tetzner give 144°). On 
testing the substance, it was found to contain chlorine. (Found: 
0 = 75-50; H = 5*60. C 22 H 19 0 2 C1 requires 0 = 75-40; H = 5*40 per 
cent.) 

It may be noted here that 3:4-methylenedioxy-a-chlorobenzylde- 
oxybenzoin and p-methyl-ce-chlorobenzyldeoxybenzoin were similarly 
obtained. 


3: i-Methylenedioxybenzamarone, 

CH 2 <q>C 6 H s * CH(CHPh* OOP h) 2 . 

This was prepared by beating a methyl-alcoholic solution of 
4 grams of deoxybenzoin and 1*5 grams of piperonal with 3 grams 
of potassium hydroxide dissolved in 5 c.c. of water. The sub¬ 
stance which separated was collected, washed, and crystallised from, 
acetic acid, when colourless needles melting at 243-—244° were 
obtained; 

0*1347 gave 0*4031 C0 2 and 0*0673 H s O. 0=82-38; H = 5*50. 

C 36 H 9 8 0 4 requires 0 = 82*40; H=5*30 per cent. 

p-Methylbenzamarone, C 6 H 4 Me*CH(CHPh*COPh) 2 . 

This was prepared by boiling a methyl-alcoholic solution of 
1*2 grams of p-tolualdehyde and 4 grams of deoxybenzoin with 
3 grams of potassium hydroxide in 5 c.c. of water. The substance 
crystallised from acetic acid in colourless needles melting at 
233—234°: 

0*1103 gave 0*3461 C0 2 and 0*0676 H 2 0. 0 = 85*50; H = 6*80. 
C 85 H 30 O 2 ,|H 2 O requires C = 85-80; H = 6*30 per cent. 

In conclusion, we beg to thank Principal F. W. Sudmersen for 
his keen interest in this work, and also the Chemical Society for 
a grant which has defrayed part of the expenditure. 

... The; Chemical Labokatqky, 

Cottoh College, Gatjhati 

Assam, Ihdia. [Received, January IZth, 1919.] 
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LX.Y. — Condensation of Deoxyhenzoin with Aromatic 
Aldehydes. 


By Bawa Kartar Singh and Jatindra .Kumar Mazumdar. 

This work was undertaken with, the object of extending the 
analogy which exists between deoxyhenzoin and 1:3-diketones, 
inasmuch as both these substances may be condensed with aryl 
aldehydes by Kncevenagehs reaction. In the case of deoxyhenzoin, 
it is the negative phenyl group that influences the reactivity of 
the hydrogen atoms of the methylene group, and thus acts similarly 
to one of the carbonyl groups in the 1:3-diketones: 


•C(>CH 2 *CH> + K-CHO 


CO<>C(> 

R-CH 


C 6 H 5 -CH 2 -GO-C 6 H 5 + R-CH.O 


C 6 H 5 «C*CO-C c H 5 

R'OH 


'With this object in view, several aryl aldehydes, namely, salicyl- 
aldehyde, y-hvdroxybenzaldehyde, 2-naphthol-l-aldehyde, cinnam- 
aldehyde, vanillin, o-aminobenzaldehyde, p-cliinethyl aminobenz- 
aldehyde, piperonal, and o- and 14 ^-nitrobenzaldehyde * were con ¬ 
densed with deoxybenzoin through the agency of hydrogen chloride, 
alcoholic potassium hydroxide, and diethylamine. 

OOPh OR /\ 



(H.) 


* It was subsequently found that deoxybenzoin had already been 
condensed with piperonal, and o- %nd p-nitrobenzaldehyde by Stobbe and 
Wilson. ( Annalen , 1910, 374, 237) ; these compounds are therefore omitted 
from this paper. 
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In the course of this work, it has been observed that different 
results are obtained by condensing deoxybenzoin and salicyl- 
aldehyde with hydrogen chloride at 0° and at 27°. At 0°, salieyl- 
idenedeoxybenzoin (I) is obtained, whilst at 27° pyranol formation 
takes place, as previously observed by Decker and von Fellenberg 
(Annalen, 1909, 384, 1). These authors isolated the product in 
the form of the ferriehloride, but we isolated the hydrochloride (II) 
direct. 


Experimental. 

Salicylidenedeoxyb enzoin (I). 

O'8 Gram of salicylaldehyde was mixed with an alcoholic solu¬ 
tion of 1 gram of deoxybenzoin. The mixture was cooled in ice 
and saturated “with dry hydrogen chloride, when the colour of the 
solution changed to dark brown. The mixture was kept for two 
to three days, when an amorphous, brown precipitate formed, 
which was collected and crystallised twice from dilute alcohol. 
The substance darkens at 120° and melts at 160°, It is soluble 
in alcohol or acetic acid, but insoluble in water: 

0*1850 gave 0*5686 C0 2 and 01042 H 2 0. C = 83'6; H = 6'0. 

0 21 H 16 0 2 requires G = 84*0; H=5*40 per cent. 

0‘2 Gram of the substance was boiled under reflux with 10 c.c. 
of 50 per cent, alcoholic potassium hydroxide for two hours. The 
substance dissolved with change of colour. On cooling and 
acidifying with dilute hydrochloric acid, the original substance 
was precipitated. 

Condensation of salicylaldehyde with deoxybenzoin could not 
be effected through the agency of potassium hydroxide, although 
various methods were tried. 


2 :Z-Diphe7iylbenzopyronium Chloride (II). 

1*5 Grams of salicylaldehyde were mixed with 2 grains of deoxy¬ 
benzoin dissolved in a small quantity of methyl alcohol. Dry 
hydrogen chloride was then passed through the mixture for two 
hours at 27°; a very bright deep red coloration was developed, and 
the solution acquired a syrupy consistency. On keeping for two 
days, red, needle-shaped crystals separated. They were collected 
and recrystallised from dilute acetic acid containing a little hydro¬ 
chloric acid, when they formed red. needles melting at 100°. The 
substance is soluble in alcohol or acetic acid, but insoluble in 

\ : y' 
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0*1550 gave 0*4582 CO.> and 0-0700 H 2 0. C = 80*6; H=5*0. 

C 21 H 15 0C1 requires C = 79T; H = 4*7 per cent. 

0-5 Gram of the above pyranol compound was dissolved in alcohol 
and boiled under reflux with 20 c.c. of 10 per cent, alcoholic 
potassium hydroxide for three hours. The solution was then 
diluted with water and acidified with dilute acetic acid. The 
brown precipitate was collected, dissolved in alcohol, and again 
precipitated "by water. It was identified as the compound (I), 
darkening at 120° and melting at 160°. (Found: C = 83*5; 
II = 6-0. C 21 H 16 Q 2 requires C = 84-0; H = 5'4 per cent.) 


OC1 

2 : 3 -Diphenylnaph thapyronium Chloride , . 

c„ k/ | 

Two grams of deoxybenzoin and 1*6 grams of 2-naphthol-l- 
aldehyde were dissolved in methyl alcohol, and dry hydrogen 
chloride was passed into the solution for three hours at the ordinary 
temperature (25°). The solution gradually acquired a dark blue 
colour, and, after two to three days, dark blue needles separated. 
They were collected, washed with a little methyl alcohol, and re- 
crystallised from dilute acetic acid, when they melted at 148—150°. 

The compound is soluble in acetic acid, alcohol, or ether, but 
insoluble in water: * 

0*1255 gave 0*3738 C0 2 and 0-0566 H 2 0. C = 81*16; H=5*01. 

C 25 H 17 0C1 requires 0 = 81*41; H = 4*61 per cent. 

This substance decomposes gradually on keeping. It has been 
isolated in the form of the ferrichloride by Decker and von Fellen- 
berg Qoe. cdt.). 


OH 

/\/\ ph 

i-Hydroxy-2 : 3-diphenylquinoline i \^ j ^Jph 

N 


Two grams of deoxybenzoin and 1-6 grams of anthranilic acid 
were mixed together, powdered, and heated in an oil-bath at 
130—150° for three days. The product was then rendered 
alkaline with dilute sodium hydroxide solution and extracted with 
ether. The aqueous portion was acidified with dilute acetic acid 
and again extracted with ether. A solid gradually separated from 
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the aqueous solution, This was collected, washed, and crystallised 
from alcohol, when colourless, rectangular cubes melting at above 
300° were obtained. The compound is insoluble in water, soluble 
in acetic acid or etlifer, and sparingly so in aqueous sodium hydr¬ 
oxide or alcohol: 

0-1357 gave 5*8 e,c=. N 2 at 32° and 762 mm. N«4-8. 

C 2J K u OH requires N = 4*53 per cent. 

COPh ^ 

’p-Hydroxyi^zsylidenedeoxtjbmzoin , \ \ j 

C3?hICH.\^ 

pTXy droxy benzaldehyde and deoxybenzoin in molecular propor¬ 
tion were dissolved m a. small quantity of ethyl alcohol, and the 
solution was cooled in ice and saturated with dry hydrogen 
chloride, when a change of colour took place at once. On allow¬ 
ing the mixture to remain for two to three days, a precipitate 
gradually formed, which was collected and crystallised from dilute 
acetic acid, separating in red needles melting at 155°. The sub¬ 
stance is soluble in alcohol or acetic acid, but insoluble in water. 
It does not contain chlorine: 

0*1460 gave 0*4465 00 2 and 0*0722 I1 2 0. C = S3-4; H = 5’5. 

C 21 H j6 O s requires C = 84*0; H = 5'4 per cent. 



COPh /qxr 

Vanillylidiitedeoxybenzoin^ ^p| ’OH.! • 


Vanillin and deoxybenzoin in molecular proportion were con¬ 
densed as above, when an oil was obtained which solidified in three 
to four days. This separated from hot alcohol as an amorphous, 
reddish mass melting at 146—148°. It is soluble in acetic acid, 
alcohol, or ether, but insoluble in water. It does not contain 
chlorine: 


0*1274 gave 0*3755 C0 2 and 0*0596 H 2 0. C=8Q-4; H=5*3. 
C 22 H ia 0 3 requires C.==8Q*0j H = 5*4 per cent, 

Cimiam-yli denedeoxybenzoin hydroch loride, 

<pOFh 

, , OHPh*CHCl*CE:CH 

Beoxybenzoin and ehmamaidehyde in molecular proportion were 
condensed as above, and there was obtained a solid which separated 
from hot alcohol as am amorphous mass melting at 100°. 
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It is soluble in alcohol, acetic acid, or ether, but insoluble in 
water. The substance contains chlorine: 

0-1238 gar© 0*3609 C0 2 and 0*0657 H s O. C = 79*5; B = 5*3. 

C 23 H ia OCl requires C = 79*7; H = 5*5 per cent. 

OinnamyHelenedeoxybenzoin, 1 ] . 

J y CPhlCK-CHICH^/ 

Deoxybenzoin and cinnanialdehyde in molecular proportion were 
dissolved in a little alcohol, and the mixture was cooled in ice, a 
few drops of diethylamine being added. A crystalline precipitate 
formed within an hour, which separated from hot glacial acetic 
acid in snow-white needles melting at 145°. The yield was almost 
theoretical. 

It is insoluble in water and sparingly soluble in ethyl alcohol 
or acetic acid: 

0*1095 gave 0*3558 C0 2 and 0*0601 H 2 0. C = 88*6 ; H = 61. 

C 2 3H 18 0 requires C = 89*0; H = 5*8 per cent. 


p -DimethylmninobenzyUdmedeoxybenzoin } 


JOPh ' /’NtfMe., 
)Ph:cH\y 


^Dimethylaminobenzaldehyde and deoxybenzoin in molecular 
proportion were condensed in the usual manner, and a solid was 
obtained which crystallised from dilute acetic acid in colourless 
needles melting at 98°. It is very readily soluble in ethyl alcohol 
or acetic acid, but insoluble in water: 

0*1159 gave 4'6 c.c. N 2 at 28° and 761 mm, N=4*6. 

C 2S H 21 ON requires N —4*3 per cent. 

This work Was carried out at Dacca College in 1917, 

The Chemical Laboratory, 

COVKBKMEXT CoiXEGE, 

Lahore. Punjab, India. [Beatived, February 8th, 1919.] 
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LX VI .—Trustworthiness of the Balance over Long 
Periods of Time. 


By George Bean. 


During the prosecution of a series of atomic-weight determina¬ 
tions by the author, a paper was published on “ The limitations of 
the balance” (Blount, T. } 1917, 111, 1035). The author there 
draws the conclusion, based on experiments with several balances, 
that although weighings of a given object made within a few hours 
—or even days—of each other may be concordant, this is not the 
case if they are extended over several months. A variation as 
high as 1-6 milligrams was detected, and attributed to the gradual 
shifting of the central knife edge. 

If this conclusion is established, the accuracy of many atomic- 
weight determinations will be seriously impaired. The work 
referred to above is especially liable to this error, as a period of 
three to fifteen months intervened between the initial and final 
weighings. Fortunately, it was possible to test the magnitude of 
the error in this case. The experiments were carried out in 
weighed silica flasks, each provided with a similar silica flask as 
counterpoise. These were used in successive experiments, and, 
being appreciably affected by the chemical action, their weights, 
recorded during several years, were useless for the present purpose. 
One flask, however, being of inconvenient shape, had been used, 
re-weighed, and rejected. It was weighed after long intervals. The 
details of the weighings are as follows, the numbers representing 
the weights added to the counterpoise to make it balance the flask. 

May 17th, 1917. Flask treated with boiling 
nitric acid, washed with 
distilled water, dried, 
wiped, ignited, cooled in 
desiccator with counter, 

and both left on pans of • 

balance before weighing + 0-001300 gram) 

May 18th, 1917. Merely replaced in balance I n 

and left all night before ^0-001312 gram, 

weighing . . . +0*001325 „ J 


The two were now left over calcium chloride under a bell glass 
for ten months. 


Mar. 7th, 1918. Replaced in balance, left 

all might and re-weighed +0-001360 gram' 
Mar, 8th, 1918. Flask and counter, both 
carefully wiped and re¬ 
placed, left all night on 
pans before weighing . +0*001379 „ 
Mar.. 9th, 1918. Merely replaced and left 

all night . „ . , . +0*001882 „ 


-0*001374 gram. 
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After a further interval of two months, a single weighing was 
taken: 

July 23rd, 1918. Flask, etc., replaced in balance and left all 

night.. . 0-001413 gram. 

The flasks were now left in the desiccator for ten months, the 
balance remaining practically unused: 


May 20th, 1919. 

Replaced in balance and 


left all night 

+ 0-001422 gram 

„ 23rd „ 

Flask wiped and heated 
(but not counter), cooled 


in desiccator, in balance 



all night .... 

+ 0-001419 „ 

„ 26th „ 

Both replaced in balance 



and left for week-end . 

+ 0-001406 „ ; 

„ 27th „ 

Counterpoise, wiped, ig¬ 

0-001435 gram. 


nited,cooled in desiccator, 
both left in balance all 


night .... 

+ 0-001474 „ 

„ 28th „ 

Both replaced in balance 



and left all night . 

+ 0-001480 „ I 

„ 31st „ 

Both“in desiccator 2 days. 


in balance 1 night . * . 

+ 0-001421 „ 

June 3rd ,, 

Both in desiccator 2 days, 



in balance 1 night . 

+ 0-001425 „ i 


The total variation in weight of a flask weighing 40'65 grams, in 
two years, is thus + 0*000123 gram, made up of +0*000062 gram in 
the first ten months, +0*000041 gram in. the succeeding four 
months, and 0*000020 gram in the final ten months. 

After carrying out determinations extending over several years, 
and depending on some thousands of elaborate weighings, it was 
satisfactory to find the error introduced by the duration of an 
experiment was so small as to be practically negligible. The fact 
that the variation was a steady increase rather favours the view 
that it is due to a displacement of the knife edge. 

The test was more searching than if twin metal weights had 
been used; the flasks were more bulky; they were polished occasion¬ 
ally by breathing upon them and rubbing with a cloth, this being 
necessary in the atomic-weight experiments to remove a slight film 
deposited on the flask from the oven in which it was heated. As 
each flask had an external surface of about 250 sq. cm., there is 
a possibility of changes in weight from this treatment, as also from 
air condensation after heating. 

The weighings were not made under ideal conditions. The room 
is small and has a low ceiling, with two doors and windows, is 
heated by a steam radiator,, and subject to vibration from a 
ventilating fan. To minimise these drawbacks, the flasks were 
placed on the balance the night before the weighing, the windows 
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heavily curtained, and fan and radiator turned off. In this way, 
trustworthy readings were secured. 

The method of swings was used, ten swings of the pointer to the 
left and nine to the right being recorded, and the point of equil¬ 
ibrium on the scale calculated. The rider was next shifted along 
the beam to increase the weight by 1 milligram, and the observa¬ 
tions were repeated. Finally, the flasks and rider were removed 
from the balance, which was then left for at least an hour. It 
was then set swinging, and the true “ zero' ” of the empty balance 
worked out. From the three equilibrium positions, the weight of 
the flask is easily calculated. It was necessary to adopt this 
tedious method, as the “zero” of the balance is rarely constant for 
more than a few hours at a time. 

The balance was an ordinary short-beam instrument of (un¬ 
known) German make. It was in constant use except during the 
final ten months, when no weighings were made on it except those 
recorded above. 

Chemical Department, . 

West Ham Municipal * 

Technical Institute. [Received, June 1 . Oth, 1919 .] 


LXVIL —The Isomeric Tropic Acids. 

By Alex. McKenzie and John Kerfoot Wood. 

Although nearly forty years have elapsed since Ladenburg carried 
out his fundamental researches on the constitution of atropine, this 
alkaloid is still obtained exclusively from natural sources. This 
is undoubtedly due to the difficulties involved in the preparation 
in quantity of the two constituents of the atropine molecule, 
namely, tropine and r-tropic acid. . The yield of atropine obtained 
by Ladenburg by the combination of the two constituents accord¬ 
ing to the equation . 

OII 2 -CH—CH 2 Ph 

j NMe OH-OH + C0 2 H>CH 
OByOH—CH 2 CH 2 *OH 

. CH 2 *0H—OH 2 Ph 

| NMe UH*0*CO0H +H 2 0 

, oh 2 *ch—6h 2 6h 2 *oh 

was apparently very small. Wolffenstein and Mamlock (Ber., 
1908, 4.1, 723) have, however, shown that by acetylating tropic 
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acid," then converting into the acid chloride, and combining this 
with tropin©, a good yield of acetylatropine hydrochloride can be 
obtained, and from the latter compound the acetyl group can be 
eliminated with the formation of atropine in a satisfactory yield. 
In the light-of the experience of these authors, there should be no 
difficulty in effecting the synthesis of atropine in fair quantity 
provided that methods are available for the production of the 
requisite tropine and tropic acid. 

The recent synthesis of tropinone by Eobinson (T., 1917, 111, 
762) suggests the possibility of the production of synthetic tropine. 
Meanwhile, the present authors had been engaged in the examina¬ 
tion of various methods for the preparation of tropic acid other 
than that from atropine itself, and the results are described in the 
present communication. 

Ladenburg and Riigheimer (Her., 1880, IS, 373; Annalen, 1883, 
217, 74) claim to have converted atropic acid into tropic acid in 
the following manner. Chlorotropic acid was first obtained by the 
direct addition of hypochlorous acid to atropic acid, 

CH 2 :CPh-C0 2 H + HCIO = 0H*CH 2 *CClPh*C0 2 H, 
and the chlorotropic acid was then reduced, 

0H-CH 2 *CClPh-C0 2 H + 2H = OH-CH 2 -CHPh-CO a H + HC1. 

It is apparent from Ladenburg’s description that some difficulty 
was experienced by him in the reduction of the chlorotropic acid, 
although it is stated that the action proceeded smoothly when a 
mixture of zinc dust and iron filings was added to a solution of the 
acid in concentrated potassium hydroxide. It may be stated at 
once that our experience with this method was most disappointing. 
There was no difficulty iu preparing the ehloro-acid, but all our 
attempts to reduce it to tropic acid, whether by Ladenburg’s 
method or in other ways, ended in failure. In many of these 
experiments the ehloro-acid was partly recovered, whilst in one or 
two cases the product was free from halogen and possessed the 
melting point of atroglyceric acid. In view of the difficulties 
encountered, we drew the conclusion that this method is not a 
practical one for the preparation of appreciable quantities of tropic 
acid.. 

Spiegel ( Ber. y 1881, 14, 235) obtained tropic acid by heating 
acetophenonecyanohydrin with hydrochloric acid at 130°, and then 
acting on the resulting Achlorohydratropie acid with a solution of 
. sodium carbonate at 120°. There are no details quoted in the 
paper regarding the yield of tropic acid. 

A method which we employed was the reduction of the formyl- 
phenylacetic ester, prepared by Wislicenus’s method, from ethyl 
formate and ethyl phenylacetate. This ester • was reduced in 
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ethereal solution by means of aluminium amalgam, and the result¬ 
ing tropic ester was hydrolysed: 

CXi 2 Ph*C0 2 Et —> CHO*CHPh*C0 2 Et —> 

OH*CIi 2 ‘CHPh*CO s Et —> OH*CH 2 *CHPh*C0 2 H. 

After these experiments were completed by us, the method was 
described by Muller ( Ber 1918, 51, 252; D.R.-P. 302737), and 
also by Wislicenus and Bilhuber {Ber., 1918, 51, 1237), the latter 
chemists having used methyl formylphenylacetate. Muller states 
that the aluminium residue retains almost half of the formyl ester, 
which is therefore not reduced, and, according to him, cannot be 
removed from the residue by means of ether. Wislicenus and 
Bilhuber also noticed that a portion of the formyl ester was 
retained by the aluminium. We also obtained a small yield of 
tropic acid by this process. 

Of the methods we have studied for the preparation of tropic 
acid, the following gave by far the best result. Acetophenone was 
converted into atrolactinic acid, which, on being heated under 
diminished pressure, gave atropic acid; this in turn was converted 
into jS-chlorohydratropic acid by the action of hydrogen chloride 
on its ethereal solution, and the halogen was then displaced by 
boiling the acid with an aqueous solution of sodium carbonate: 


H-co 


Phv^OH 

Me^^CN 




h ^>c*co 2 h —> qi^o>o<^o,H 


Ph* >r<r H 

OH’CHg 


The resolution of r -tropic acid into its optically active com¬ 
ponents is described by Ladenburg and Iiundt {Ber., 1889, 22, 
2591). The acid was dissolved in dilute aqueous alcohol and 
neutralised by quinine. The resulting salt was crystallised until 
the melting point was constant, the value 186—187° being given. 
The tropic acid obtained from this salt melted at 127—128°, and 
gave [«]d+71‘4° “als Mittel aus Versuchen in verschieden concen- 
trirten Losungen.” This value for the specific rotatory power of 
the c£-acid has no significance, since the solvent employed is not 
; quoted. 

Amenomiya {Arch. Pharm 1902, 240, 498) acted on a mixture 
of 10 grams of atropine and Z-hyoscyamine with water, and obtained 
a mixture of r-tropic acid and a small quantity of the Z-isomeride. 
This was neutralised with quinine, and the resolution conducted 
according to Ladenburg and Hundt. The quinine of-salt melted at 
189—190°, The resulting acid was washed with benzene to free 
it from atropic acid; it then melted at 126—127°,..whilst the value' 
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[°]d +71*3° for c — 2'384 in ethyl-alcoholic solution is quoted. 
From the mother liquors of the quinine salt, a lsevorotatory tropic 
acid melting at 126° and giving [a]|? — 72 - 75° in aqueous solution 
was prepared. No analyses of the optically active acids are quoted 
either by Ladenburg and Hundt or by Amenomiya. Moreover, 
the quantity of inactive acid at the disposal of those investigators 
would seem to have been rather inadequate for the purpose they 
had in view. 

Atropine is the eZZ-tropyl ester of tropine, whilst Z-hyoscyamine 
is the Z-tropyl ester of tropine. Hyoscyamine has the grouping 
•COCH*, and, in accordance with the work carried out by one of 
us and his co-workers on racamisation with alcoholic alkali, it might 
be expected that this alkaloid would undergo racemisation with 
alcoholic alkali. Data in the literature show that this is the case, 
but the point is perhaps worthy of further investigation. Pure 
atropine is optically inactive, but the atropine of commerce is 
often slightly lsevorotatory, owing to its containing some hyos¬ 
cyamine. In all probability, the plant builds up the pure Z-hyos- 
cyamine, and this is racemised either in the plant itself or during 
the commercial preparation of atropine. The question (which 
probably has received attention from the manufacturers of atropine) 
suggests itself: Would it be possible to isolate pure hyoscyamine 
from the plant, or would this compound raeemise so readily that 
its isolation on the large scale would be impossible? One of the 
sources of atropine is Hyoscyamus muticus —which is said to con¬ 
tain hyoscyamine only. Now it is significant that alkali always 
appears to he used in the extraction of atropine from plants. It 
might be possible technically to avoid the use of alkali in the 
extraction, and thus obtain a salt of pure hyoscyamine. If this 
were practical, the advantage would be very great, since Z-hyos- 
cyamine in its mydriatic power is reported as being one hundred 
times as active as its <f-isomeride. It would therefore be a much 
better mydriatic than atropine. Similar considerations apply to 
pilocarpine. It has, however, to be recognised that it is doubtful 
if the naturally occurring Z-hyoscyamine or its cZ-isomeride has 
ever been prepared in a state of purity, and it seems very probable 
that Barrowcliff and Tutin (T., 1909, 95, 1966) are correct when 
they suggest that the interesting physiological results of Cushny 
on the comparison of the d- and Z-hyoscyamines were obtained with 
alkaloids which were not optically pure. 

By the hydrolysis of Z-hyoscyamine, Gadamer (Arch, Pharm 
1901, 289, 294) obtained a lsevorotatory tropic acid melting at 
123-—-124° and having [a]f* — 69'49° in aqueous solution. A purer 
specimen was obtained by beating an aqueous solution of Z-hyoscine; 
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tlxe resulting acid was washed with benzene to free it from the 
small amount of atropic acid present, and the residue then crystal¬ 
lised from water. The resulting tropic acid melted at 125—126° 
and gave [a] D — 71*81° in aqueous solution. 

As it appeared to the present authors to be of some importance 
to establish the purity of the d- and Z-tropic acids, the resolution 
of the r-acid was carried out as described in the experimental por¬ 
tion of this paper. The dtacid was obtained by means of quinine, 
the solvent used being ethyl alcohol. It melted at 128—129° and 
had MS + 72 , 2° for &=2-695 in ethyl-alcoholic solution, a result 
which is nearly identical with that of Amenomiya, who found 
[«] D +71*3°. We obtained the Z-acid-by means of morphine, the 
solvent being ethyl alcohol. This acid melted at 128—-129°, and 
had [a]o — 72'5° for c — 2*578 in ethyl-alcoholic solution and 
[a]o — 79*0° for c—1-538 in aqueous solution. The Isevorotatory 
acid of Amenomiya, which gave [a] D —72'75° in aqueous solution, 
and Gadamer’s acid, with [a] D —69-49° in aqueous solution, were 
therefore not optically pure. 

The results described in the present paper were practically com¬ 
pleted towards the end of 1917, but publication has been delayed 
owing to the pressure of other work. Since the present paper was 
■written, King (this vol., p. 476) has described the resolution of 
tropic acid, and our values for the specific rotatory powers of the 
optically active acids are in close agreement with those given by 
him. It is therefore satisfactory that the constants for these 
important acids have at last been definitely settled. 


Experimental. 

Reduction of Ethyl Formylphenylacetate. 

As the reduction of this ester has already been described in the 
literature, it is unnecessary to describe our experience of the 
method. The ester used was the liquid modification, which was 
prepared by the action of sodium on a mixture of ethyl phenyl- 
acetate and ethyl formate, and purified through the copper deriv¬ 
ative, as described by Wislicenus. In the bulk of the experiments, 
the reducing agent employed was aluminium amalgam. The ester 
was also reduced by the action of sodium on a solution of the ester 
in glacial acetic acid. The yields of the pure recrystallised tropic 
acid varied from 16 to 30 per cent, of the theoretical, calculating 
from the phenylformylacetic ester used. 
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Preparation of Atrolactinic Acid . 

This acid was prepared as described by McKenzie and Clough 
(T., 1912, 101, 393). The following details of a typical prepara¬ 
tion: may be given. 

To a mixture of 80 grams of potassium cyanide (98 per cent.), 
100 grams of acetophenone, and 5 c.c. of water, fuming hydro¬ 
chloric acid (D 1*2) was added from a dropping funnel at the rate 
of twelve to fifteen drops at a time, the mixture being shaken 
vigorously after each addition. This operation lasted for five 
hours, 15 c.c. of acid being added in each of the first two hours 
and 20 c.c. in each of the subsequent hours. During the first 
three hours, the mixture was maintained at the ordinary tempera¬ 
ture, so that the acetophenone did not solidify, but towards the 
close it was cooled in ice-cold water. When the addition of the 
acid was complete, the mixture was allowed to remain for half 
an hour, and the oil then poured off and washed with water. A 
further small quantity of oil was obtained by adding water to the 
sludge left in the reaction flask. The oil was then poured into 
200 c.c* of hydrochloric acid (D. 1*2) and left overnight. Sodium 
hydroxide solution was added until the solution was neutral, and 
then three times the theoretical amount of the same alkali (calcu¬ 
lated on the acetophenone used) was added, and the mixture dis¬ 
tilled in a'current of steam until the evolution of ammonia ceased. 
About 85 grams of acetophenone were recovered. The contents 
of the distillation flask were evaporated until the separation of 
solid started. On cooling, the crystals were separated and acidified 
with hydrochloric acid, using Congo-red as indicator. The atro¬ 
lactinic acid was filtered off, the filtrate evaporated further, and 
cooled; the resulting crystals contained some sodium chloride, from 
which the acid was separated by means of ether. Some additional 
acid was obtained from the filtrates. The ethereal solution of the 
acid was dried with anhydrous magnesium sulphate, the ether 
expelled, and the atrolactinic acid crystallised from water. The 
yield was 35 grams of crystallised acid, and this corresponds with 
a yield of 73 per cent, on the apetophenone converted. 

Professor Kipping kindly suggested to us a modification of this 
method which gives good results. After the cyanohydrin was 
hydrolysed, water was added, and the acetophenone removed by 
distillation in steam. The hot acid solution was then filtered and 
cooled, when atrolactinic acid separated. A further quantity can 
be obtained by extracting the filtrate with ether. In employing 
this method, it should, however, be borne in mind '.that, 'sufficient 
water must be added after the hydrolysis of the cyanohydrin, and 
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that the subsequent heating in the presence of hydrochloric acid 
should not he unduly prolonged, otherwise the atrolactinic acid 
may he partly converted into atropic acid. Ladenburg and 
Riigheimer ( loc . cit.) have pointed out that when atrolactinic acid 
is boiled under a reflux condenser with moderately dilute hydro¬ 
chloric acid for some time, then diluted with water, and distilled, 
small quantities of atropic acid pass over with the steam. With 
more concentrated hydrochloric acid, appreciable quantities of 
isoatropic acid are formed. 


Preparation of Atropic Acid. 

The process of Ladenburg and Rugheimer, to which reference 
has just been made, is not a convenient one for the preparation of 
atropic acid in quantity. Moreover, the method described by 
Kraut (Annalen, 1863, 128, 282; compare also Fittig and Wurster, 
Annalen , 1879, 195, 147), whereby atropine is boiled with barium 
hydroxide, is not very practical when the expense of atropine is 
considered, and the same criticism may he passed on Lossen's 
method of heating atropine with fuming hydrochloric acid at 
120—130° {Annalen, 1866, 138, 132). 

We found that atrolactinic acid can be converted into atropic 
acid by distillation under diminished pressure. Atrolactinic acid 
contains water of crystallisation, hut it is not necessary to dehydrate 
the acid before submitting it to distillation. The method is a 
convenient one, but certain precautions require to he taken in 
order to secure a good yield. The chief difficulty arose from the 
ease with which atropic acid is transformed under the agency of 
heat into a~ and #Jsoatropic acids (Fittig and Wurster,Joe. cit.). 
We carried out the distillation in a silica flask with a capacity of 
110 c.c. and provided with a side-tube of 12 mm. internal diameter 
and 28 cm. in length. The side-tube-acts as a suitable condenser, 
and there is no danger of it becoming choked owing to the solidifi¬ 
cation of the condensed atropic acid, as is the case when an 
ordinary distilling flask is used. Experience showed that it is 
very advisable to heat the atrolactinic acid with a free flame rather 
than to use an oil-bath. If the distillation is carried out too 
slowly, a viscous residue of the zsoatropic acids is left in the dis¬ 
tilling flask, and the yield of atropic acid is poor. On the other 
hand, if the operation is conducted too rapidly, some atrolactinic 
acid passes over along with the atropic acid; the two acids are, 
however, easily separated by taking advantage of their very 
different solubilities in water, atropic acid dissolving, according to 
Kraut, in 692-5 parts of water at 19*1°, whilst the solubility of 
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atrolactinic acid was found by Lennart Smith (/. pr. Oh e?n.. 1911, 
[ii], 84, 737) to be 17*04 parts per litre of water at 18°'. Under 
a pressure of 10—15 mm., an oil distils at 177—179° and solidifies 
quickly. The distillate is dissolved in a warm mixture of ethyl 
alcohol and water, and hot water is then added until the liquid 
becomes cloudy. The atropic acid separates on cooling in the form 
of iridescent leaflets. Should the melting point of the dried 
crystals indicate that the atropic acid is not quite pure, the crystals 
are left for some time in contact with water in order to remove 
atrolactinic acid. 

The results of three experiments may he given: 

(1) Nineteen grams of dehydrated atrolactinic acid gave 12 grams 

of atropic acid. 

(2) Twenty grams of dehydrated atrolactinic acid gave 13 grams 
of atropic acid. 

(3) Twenty-one grams of dehydrated atrolactinic acid gave 

13*5 grams of atropic acid. 

The time of distillation was fifteen minutes. The mean yield 
from the above figures is 72 per cent, of the theoretical; a further 
small quantity of atropic acid may be obtained from the mother 
liquors. 

The acid melts at 106—107°. It gave C = 73*0; H = 5*5. 
(Calc.: C = 73*0; H—5*4 per cent.) 

This is a much more practical method for preparing atropic acid 
than that described by Ladenburg and Rugheimer {Her., 1880, 
13, 2041), who also used acetophenone as the starting point. They 
formed acetophenone dichloride, CMePhCl 2 , which, by means of 
potassium cyanide and ethyl alcohol, was converted into the nitrile, 
CMePh(ON) • OEt, and this, on hydrolysis by baryta, gave the 
barium salt of ethyl atrolactinic acid, CMePh (C0 2 H) * OEt. 
Atropic acid was obtained from the latter acid by treatment with 
concentrated hydrochloric acid. The method now described is also 
more practical than Spiegel’s method, whereby atropic acid is pro¬ 
duced by boiling j8-chlorohydratropic acid with aqueous sodium 
hydroxide. 

Preparation of P-Chlorohydratropic A did. 

An interesting study of the additive compounds of atropic acid 
and the halogen acids is described by Merling, who obtained 
j3-chlorohydratropic acid by beating atropic acid with fuming 
hydrochloric acid in a sealed tube at 100° for five hours (Annalen, 
1881, 209, 1). The yield of the chloro-acid is not stated, but it 
is certain that the method is not a practical one, as atropic acid 
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would, under the experimental conditions, undergo considerable 
transformation into the isoatropic acids, and the formation of these 
acids is indicated in Merling’s description. 

The following is a convenient method for preparing /?-ch!oro- 
liydratropic acid. Ten grams of atropie acid were dissolved in 
200 c.e. of dry ether free from alcohol, and a current of dry 
hydrogen chloride was passed in slowly for about two hours. The 
solution was kept warm during this period, the flask containing it 
having been attached to a reflux condenser provided with a calcium 
chloride drying tube. The solution was then kept overnight, and 
the hydrogen chloride again passed through the warm solution 
next day for four to five hours. After the bulk of the ether was 
removed by distillation, the residual liquid was allowed to evaporate 
spontaneously. An almost completely solid residue was obtained 
which, after two crystallisations from carbon disulphide, was 
sufficiently pure for analysis. Only one crystallisation is necessary 
when the chloro-acid is to he used for conversion into tropic acid. 
The acid melted at 88—89°, whereas Merling gives 87—88°. 
(Pound: Cl = 19‘3. Calc.: Cl= 19‘2 per cent.) 

Ten grams of atropie acid gave 10 grams of the chloro-acid, a 
yield of 80 per cent, of the theoretical. 


Conversion of fi-C hloro hydra tropic Acid into Tropic Acid. 

Merling (foe. cit.) found that the chloro-acid could he hydro¬ 
lysed by heating with a solution of potassium carbonate, The 
present authors have examined the hydrolysis under various con¬ 
ditions with the object of securing as good a yield of tropic acid 
as possible, since certain secondary reactions are liable to occur. 
Those reactions are (a) the tendency for the formation of styrene 
through the elimination of hydrogen chloride and carbon dioxide, 
as observed by Merling, and (&) the readiness with which tropic 
acid in the presence of alkalis loses water and passes into atropie 
acid (Hesse, J. pr. Chem., 1901, [ii], 84, 286). The action of 
water alone was found to be unsatisfactory, but better results ■were 
obtained with, aqueous sodium carbonate. The amount of sodium 
carbonate used was rather less than would be required to neutralise 
the' original acid and the hydrochloric acid formed during the 
hydrolysis; there was practically no difference in the yield whether 
all the sodium carbonate was added at the beginning or gradually 
during the time of boiling. As an example, the following experi¬ 
ment may he quoted. 

Pour grams of the chloro-acid were mixed with 80 e.c. of water, 
and the mixture was boiled under a reflux condenser. A solution 
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of sodium carbonate (I'73iY) was run in slowly, the boiling being 
maintained; 24-1 c.c. were added in the course of fifteen minutes, 
the boiling being then continued for a further three and a-half 
hours without the addition of any further quantity of alkali. On 
cooling, the solution was faintly alkaline;, it was extracted with 
ether to remove styrene, acidified with dilute sulphuric acid, and 
extracted five times with ether. The ethereal solution was dried 
with sodium sulphate, and to the oily residue which remained 
after the removal of the ether, benzene was added. The resulting 
crystals were separated, washed with benzene, and dried. The 
yield was 2*32 grams and the melting point 116—117°. The 
aqueous solution which had been extracted with ether gave an 
additional 0*2 gram of tropic acid when extracted for five hours 
in a continuous extractor. Yield = 70 per cent. Equivalent; 
Found: 166*6. Calc.: 166*1. 

The residue obtained by the evaporation of the benzene filtrates 
reduced alkaline permanganate strongly, and doubtless' consisted 
of a mixture of atropic and tropic acids. 

In a similar experiment, using 10 grams of the chloro-acid, the 
yield of tropic acid amounted to 61 per cent, of the theoretical. 

The tropic acid obtained in this manner was free from, atropic 
acid. 

The yield was smaller when sodium hydroxide was used in place 
of sodium carbonate. Solutions of sodium acetate and silver nitrate 
were also employed as hydrolysing agents, hut in neither case was 
the yield of tropic acid so good as when sodium carbonate was, 
used. 

Attempts were made to study the hydrolysis from the kinetic 
point of view, but for various reasons these proved unsuccessful. 
At the boiling point, the reaction takes place too rapidly to permit 
of accurate determinations of the velocity of reaction, whilst at 
lower temperatures the solubility of the acid in water is too small. 
An attempt was made to overcome the latter difficulty by using a 
mixture of alcohol and water as the solvent, but under these 
conditions the velocity of reaction was reduced to such small 
dimensions as to be impossible of accurate determination. 

Attempts to Reduce Chlorotropic Acid. 

The method described by Ladenburg and Rttgheimer for the 
preparation of chlorotropic acid was followed. The chlorotropic 
acid obtained' melted, at 129—130°, In agreement with the value 
given by Ladenburg, namely, 128—130°. 

Reference has already been made in the theoretical portion of 
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the paper to the failure which attended our numerous efforts to 
reduce chlorotropic acid to tropic acid. Ladenburg describes the 
action as taking place when zinc dust and iron filings are added 
to a solution of the acid in a concentrated aqueous solution of 
potassium hydroxide, but no information is given regarding the 
actual concentration of the alkali he used. We made numerous 
experiments, using alkaline solutions of different concentrations. 
When the chlorotropic acid was dissolved in a solution of sodium 
or potassium hydroxide containing 20 grams of alkali in 100 c.c. 
of water and left for several days in contact with zinc dust and 
iron filings, the product which was obtained after the removal of 
the dissolved zinc and the extraction of the acidified portion by 
means of ether was a substance of indefinite melting point, and 
still contained chlorine. With a more concentrated solution of 
alkali (10 grams of potassium hydroxide in 10 grams of water), the 
product was free from chlorine. It appeared to be a mixture, as 
it had a strong reducing action on alkaline permanganate, but on 
treatment with benzene, part of it was sparingly soluble, and this, 
after washing with benzene, was practically devoid of reducing 
action. It was soluble in water, melted at 144—146°, and was 
probably atroglyceric acid, which melts, according to Fittig and 
Hast (Annalen, 1881, 206, 32), at 146°. 

Other reducing agents which were tried were sodium amalgam, 
zinc and hydrochloric acid, sodium hydroxide and aluminium 
powder, and aluminium amalgam. In each case, chlorotropic acid 
.was recovered. 


Preparation of the Optically Active Tropic Acids. 

85-4 Grams of hydrated quinine (1 mol.) were dissolved in 
850 c.c. of absolute ethyl alcohol at 17°, and 37‘5 grams of r-tropic 
acid (1 mol.) were added with stirring until the solution was homo¬ 
geneous. Crystallisation began after five minutes, and proceeded 
rapidly. After nineteen hours at the ordinary temperature, the 
crystals were separated; after remaining on a porous plate for 
three days, they amounted to 71 grams. Crystallisation was 
carried out another eight times from ethyl alcohol. The alcohol 
was distilled off from the filtrate from each successive crystallisa¬ 
tion, the residue decomposed by dilute sulphuric acid, and the 
tropic acid extracted with ether and dried with sodium sulphate. 
The progress of the resolution was indicated by determining the 
specific rotatory power of the successive acids in ethyl-alcoholic 
solution, the following values for [o] D being obtained: — 54'2°, 
-36-7°, -6-1°, +23T°, +41*2°, +60-8°, +67-1°, +69*4°, 
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4- 89*6°. The quinine cZ-salt amounted to 25'5 grams; it separated 
from ethyl alcohol in felted leaflets grouped in rosettes melting at 
190 — 191°; 100 c.c. of its ethyl-alcoholic solution contain about 
0-55 gram of the salt at 13°. The salt was decomposed by dilute 
sulphuric acid, and the tropic acid repeatedly extracted with ether, 
7*2 grams of pure ^-acid being obtained. 

d -Tropic acid is sparingly soluble in benzene, from which it 
separates in lustrous needles melting at 128—129°. It crystallises 
from water in glassy needles and plates grouped in rosettes: 

0*1858 gave 0*4421 C0 2 and 0-1043 H 2 0. C-64-9; H = 6*3. 

C 9 H 10 O 3 requires C = 65‘0; H = 6'l per cent. 

Its specific rotation was determined in the following solvents: 

(a) Ethyl alcohol: 

0 = 2*695, Z=2; +3*89°; [af + 72*2 3 . 

(b) Water; 

c= 1*515, 1 = 2; a J? +2*43°; [a]}, 6 +80*2°. 

(c) Acetone: 

c = 2*19, 1 = 2 ; ah 3 +3*67°; [a]L 3 +83*8°. 

For the preparation of the Z-isomeride, 9 grams of acid with 
[aju —54*2° for c = 2*65 in ethyl-alcoholic solution, and 4 grams of 
acid with [aju —36*7° for c — 2*574 in ethyl-alcoholic solution 
(obtained from the first two filtrates in the resolution just 
described), were united and added to a warm solution of 23*8 grams 
of morphine in 350 c.c. of ethyl alcohol. On cooling, glassy crystals 
began to separate, and these were collected on the following day. 
The product, dried in air at the ordinary temperature, amounted 
to 32*5 grams. It was crystallised from ethyl alcohol six times. 
The tropic acid recovered from the mother liquors from these 
crystallisations gave the following values for [a] 0 in ethyl-alcoholic 
solution: -13*5°, -28°, -56®, -59*4°, -60*7°, -63°. Although 
the morphine salt (14 grams) was not yet quite pure, it was deemed 
advisable at this stage to decompose it with dilute sulphuric acid. 
The resulting acid (4 grams) was nearly pure, giving the value 
[«]r> — 71*3° in ethyl-alcoholic solution. The pure acid was 
obtained after one crystallisation from water. 

1 -Tropic acid- melts at 128—129°. Equivalent: Found: 166*5. 
Calc.: 166*1. The values for its rotatory power were determined 
in the following solvents, and are in agreement with the corre¬ 
sponding values for its cZ-isomeride: 

(a) Ethyl alcohol: 

c = 2*578, 1=2; <$ -3*74°; [a]i? -72*5°. 
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( h ) Water: 

c=l-538, 1=2; a 3 D 5 -2*43°; [ag 
(a) Acetone: 

c = 1 -806, 1= 2 ; aj? - 3*01°; [a$ 

The authors desire to acknowledge the able assistance rendered 
by the late Mr. Harold Halcro Johnston, B.Sc., in the earlier stages 
of this research. They are also indebted to Professors G. G. 
Henderson and P. S. Kipping for a supply of atrolaotinic acid. 
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LXV1II .—The Absorption Spectra of the Nitric Esters 
of Glycerol . 

By Harry Hepiworth. 

In 1906, Kast (Zeitsch. ges. Sehiess- u. Sprengstoffw ., 1906, 1, 225) 
discovered that nitroglycerin or glyceryl trinitrate is capable of 
existing in two isomeric forms in the solid state, a labile isomeride 
melting at 2*8°' and a stable form melting at 13'5°. In a later 
paper on this subject by Nauckhoff (ibid., 1911, 6, 124), in which 
a description of the crystalline structure of the isomeride of higher 
melting point is given, the author differs from Kast in being 
unable to isolate the isomeride of lower melting point. The ques¬ 
tion of the existence of a second solid form of nitroglycerin has 
been caref ully investigated by Hibbert (“ Eighth International 
Congress of Applied Chemistry,” 1912, 4, 37), who has not only 
confirmed the existence of two solid isomerides, but has also investi¬ 
gated the various conditions under which each may be obtained. 

Hibbert has compared these two solid isomerides with the two 
isomeric forms of benzophenone, and although he justly points out 
that structural isomerism is theoretically 'possible, yet on the whole 
the evidence points to the two forms of nitroglycerin being physical 
isomerides one of the other. This conclusion is largely based on 
the views of Schaum (.Annalen, 1898, 800, ,209), according to 
whom the criterion between chemical and physical isomerism is to 
be found in the fact that with purely physical isomerides, inocula¬ 
tion of the solid labile with the solid stable form brings about the 
complete conversion of the former in the absence of any solvent. 
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■How it is evident that if the two solid forms of nitroglycerin are 
to he represented by two different structural formulae, then the 
labile and stable forms should give rise to two different chemical 
compounds, either in the liquid state or in solution, and it is 
reasonable to suppose that these solutions will exhibit different 
absorption spectra. Aqueous solutions of nitroglycerin derived 
from the two forms have been examined spectrographically, and 
found to give identical spectra (Fig. 1), from which it is clear that 
there is no evidence of chemical isomerism in solution, and that 
the labile and solid forms of nitroglycerin are to be regarded as 
physical isomerides. Since the nitroglycerins examined showed 
general absorption only, it is improbable that an equilibrium mix¬ 
ture of dynamic isomerides is obtained when either form is dis¬ 
solved in water. 

The absorption spectrum of a sample of commercial nitroglycerin 
has also been determined as a matter of interest. It will be 
observed (Fig. 1) that the latter is much more absorptive ,,than 
pure nitroglycerin. This cannot be due to the presence of lower 
nitrates, as the latter are soluble in water. 

The lower nitrates of glycerol have been investigated by Wilt 
(Ber., 1908, 41, 1107), and the glyceryl and ay-dinitrates were 
prepared and separated as described by him. It is evident that in 
the case of the dinitrates, the two isomerides may have the 
structural formulae 

CH./GH CH 2 *0*N0 2 

UH-O-NCXj and OK-OH 

GH s -0*m 2 

and should therefore give rise to two different absorption spectra. 
The absorption in aqueous solution was investigated, with the 
results shown in Fig. 2. It will be observed that the ajS-ester 
shows the stronger absorption, and this would be expected from 
the fact that this ester is more unsymmetrical than the ay-dinitrate. 
Both isomerides show less absorption than nitroglycerin. 

A sample of a-methylin dinitrate was kindly provided by Mr. 
D. T. Jones, and had been prepared by the nitration of glyceryl 
a-monomethyl ether (Jones, T., 1919, 115, 76). This sample had 
a faint yellow colour, and was fractionally crystallised before use. 
The absorption spectrum is shown in Fig. 2, and it will be observed 
that it is slightly more absorptive than glyceryl a^-dinitrafce. 

Glyceryl a- and E-mononitrates were prepared by extracting the 
neutralised, concentrated mother liquors left after the extraction 
of the dinitrates, as described by Will (loo. dt.). 

VOI* GXV. I I 
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The absorption spectra of glyceryl a- and ^-mononitrates in 
aqueous solution are shown in Fig. 3. The a-compound prepared 


Oscillation, frequency. 



{ a-Methylin dinitrate ————- 
Glyceryl a&-dinitrate ~- — 

Glyceryl, ay-dinitratef- 

Frn [Glyceryl d-mononitrate —--—■ 

M g. \Qiy Cer yi &-mononitrate - - 

by Kef’s method gave a spectrum, almost identical “with that pre¬ 
pared hy the direct nitration of glycerol. It will be observed that 




843 


NITRIC ESTERS OF GLYCEROL. 

both isomerides exhibit less absorption than either the isomeric 
dinitrates or the trinitrate, and that the unsymmetrical a-isomeride 
is rather more absorptive than the symmetrical /S-isomeride. 

The absorption spectrum of glycerol does not appear to have 
been investigated, and a sample of Hehner’s glycerol, used as the 
standard in the chemical analysis of glycerol used for dynamite, 
and guaranteed to contain no impurity except water, was examined 
after drying over phosphoric oxide in a vacuum for four days. It 
was found that a normal aqueous solution was quite diactinic 
through a thickness of 10 mm. 

It is therefore evident that the substitution of a hydrogen atom 
of one of the hydroxyl groups of glycerol by a nitre-group pro¬ 
duces a profound change in the absorption spectrum, whereas the 
substitution of one or both hydrogen atoms of the remaining 
hydroxyl groups by nitro-groups, whilst increasing the general 
absorption, does not produce nearly so great a change in the 
absorption spectrum. 


E XP ER I MENTAL. 

Preparation of Pure ’Nitroglycerin (Glyceryl Trinitrate). 

One hundred and eighty grams of Prices’s double distilled 
glycerol were nitrated with a clear, mixed acid of the composition: 

Per cent. 


Nitric acid ... 40-0 

Sulphuric acid .. 57-68 

Nitrous acid . 0-18 

Water . 2*14 


• 

The nitration was carried out in a large beaker surrounded by 
a freezing mixture, the glycerol being added at such a rate as to 
keep the temperature at 10—-12° throughout the nitration. The 
ratio of acid to glycerol was about 7:1. Air stirring was con¬ 
tinued for ten minutes aftqr the whole of the glycerol had been 
added, after which the nitroglycerin was allowed to separate for 
thirty minutes, no accelerant being employed. 

The lower layer of mixed acid was then run off, and the nitro¬ 
glycerin washed with twelve successive changes of distilled water 
at 25—30°, the addition of sodium carbonate or any other 
stabilising substance being avoided. The nitroglycerin was then 
successively fractionated five times in a freezing mixture. The 
last fraction, of about 100 grams, was dried in a vacuum over solid 
potassium hydroxide, and finally obtained as a clear, mobile, faint 
yellow oil which, after solidification, melted at (Pound: 

N.—18*49. Calc.:' N = 18*51 per cent. H a O —nil.) 
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Isolation of the Labile and Stabile Forms of Nitroglycerin .— 
Tlie method adopted for the isolation of the labile and stable 
forms of nitroglycerin was similar to that described by Hibbert 
(toe. cit.). The labile form was isolated by inoculating nitro¬ 
glycerin cooled to —40° with a trace of the labile form obtained 
by cooling two to three drops of nitroglycerin mixed with glass 
wool to —40°, and stirring vigorously. The operation had to be 
repeated three times before the labile form was obtained, but this 
was probably due to the fact that the nitroglycerin had been 
previously frozen. This form appeared to crystallise in the tri¬ 
clinic system, and melted at 2‘0°. 

The stable form was readily isolated by allowing the nitro¬ 
glycerin to freeze slowly without inoculation. Large bipyramidal 
crystals were obtained which melted at 13*1°. 

Both forms were allowed to liquefy in a vacuum desiccator over * 
solid potassium hydroxide, and used at once for the spectrographic 
examination. For the confirmation of the spectrographic results, 
fresh samples of the labile and stable solid forms were prepared 
and recrystallised before use. 

Commercial Nitroglycerin. —This product had been made by 
nitrating glycerol (for dynamite) with commercial mixed acid 
almost identical in composition with that previously described. A 
trace of hydrocarbon oil had been used to accelerate the separation, 
and the nitroglycerin had been stabilised by thoroughly washing 
with dilute sodium carbonate solution followed by several -wash¬ 
ings with water at 30°. The sample was filtered twice and dried 
over solid potassium hydroxide in a. vacuum desiccator for forty- 
eight hours. It possessed a distinct brown colour, melted at 12-5°, 
and contained N = 18*46 per cent, (measured by the nitrometer). 

The material was used in this condition for the investigation of 
the absorption spectrum. 

a-Methylin Dinitrate. —This was fractionally crystallised three 
times and dried in a vacuum over solid potassium hydroxide. The 
sample examined spectrographically crystallised in white, mono-' 
clinic prisms melting at 24*2°, and contained 3ST —14*23 per cent. 

Preparation of the Lower Nitrates of Glycerol. —The method 
adopted for the preparation of the lower nitrates of glycerol was 
on similar lines to that described by Will (loc. cit.). Two hundred 
grams of glycerol were nitrated with a clear, mixed acid of the 
composition: 


Per cent. 

Nitric acid . 21*76 

Nitrous acid .. 0*06 

Sulphuric acid . 68*22 

Water ............ •9*96 
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Tlie nitration was conducted exactly as described under the 
preparation of trinitroglycerin. On allowing the mixture to 
remain, about 50 grams of nitroglycerin were separated, after 
which the mixed acid containing the lower nitrates and a little 
nitroglycerin was diluted and repeatedly extracted with ether after 
removing a little nitroglycerin which separated on dilution. 

The crude dinitrates were twice washed with a little water, 
filtered, and partly dried. The aj8- and ay-dinitrates were 
separated as described by Will (Jnc. cif.), except that glass wool 
was used in place of kieselguhr. 

The crude ay-dinitrate was purified by repeated fractional 
crystallisation, and about 30 grams were finally obtained in large, 
water-white, prismatic crystals which melted at 26°. On desic¬ 
cating over calcium chloride in a vacuum for three days, a pale 
yellow oil was obtained containing N = 15*30 per cent., and this 
was identical with the “dinitroglycerin K” described by Will. 

The crude aj6-dinitrate showed no tendency to crystallise when 
cooled at —20° overnight, but, on inoculation, a little ay-dinitrate 
separated. This was repeated until no further traces of the 
ay-dinitrate separated, after which it was dried over calcium 
chloride in a vacuum. The ajS-dinitrate was obtained in this way 
as a dark yellow oil containing N —15*22 (Calc.: N=15*38 per 
cent.).' ’ 

Both dinitrates were kept in a vacuum over solid potassium 
hydroxide until the solutions were made up for spectrographic 
examination. 

The mononitric esters of glycerol were obtained by evaporating 
the' neutralised mother liquors left after the extraction of the 
dinitrates, as described by Will (loc. The crude mixture of 

a- and jS-nitrates was easily crystallised by cooling to —20° and 
vigorously rubbing with a glass rod. Traces of dinitrate were 
removed from this crude product by dissolving in water and extract¬ 
ing with ether. The separation of the two nitrates was effected 
by repeatedly washing with a little ether cooled to —20°, when it 
was found that the jS-mononitrat© 'was rather more readily soluble 
than the a-isomeride. 

Both forms were obtained in fine leaflets which, after recrystal¬ 
lising twice from water, gave the following results on analysis: 

M. p. Pound N 2 per cent. Theoretical. 
a-Mononitrafce......... 57° . 10*2 ■ in 9 

ft-Mononitrate. 54° 10-13 

Glyceryl a-Mon&nitraie prepared from Mpicfilorohgdrm .—A 
sample, of the a-mononitrate was prepared from epichlorohydrin, as 
described by Nef (AnnaXen, 1904, 385, 238), It was found that 
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the conversion of epicMoroLydrrin into epi-iodohydrin, and the latter 
into glycide nitrate, proceeded quite normally. . 

Fifty grams of glycide nitrate were heated at 100° with 40 grams 
of water for four hours. The-, product was dried in a vacuum over 
sulphuric acid, and the exude product melted at. 54°. It was 
purified by re crystallisation from ether, this process being repeated 
three times, when 40 grains of glyceryl a-mononitrate were 
obtained. The product-melted at 57'5° and crystallised in small, 
white prisms. When mixed 'with an equal quantity of the a-mono¬ 
nitrate, prepared by tile direct nitration of glycerol, the mixture 
melted at 58°. 

Unsuccessful attempts ware made to prepare the a-mononitrate 
by the direct nitration of glycide, as described by Hanriot (Ann. 
Ghim. Phys., 1879, [v], 17.-, 118), but only a very small yield of 
the a-mononitrate was obtained. 

SpcctrograpMc BxaminicU on .—The instrument used was a Hilger 
quartz spectrograph, size C, fitted with a wave-length scale. The 
iron arc was used as the source of illumination, and the wave-length 
scale was standardised against the zinc and copper arcs. 

All observations were conducted in aqueous solution, the water 
employed being diactinic up to 2100 A.U. 

(Summary. 

From Epi examination of the absorption spectrum of glycerol 
and its nitric esters, it is evi lent that: 

(1) The labile and stable- forms of nitroglycerin are physical 
isomerides, and both forms are identical in aqueous solution. 

(2) Commercial nitroglycerin is morn absorptive than pure nitro¬ 
glycerin. ■ 

(3) The order of increasing absorption in aqueous solution is 
^-mononitrate, a-mononitrate, ay-dinitrate, ajS-dinitrafce, and tri¬ 
nitrate. 

(4) a-Methylin dinitrate is rather more absorptive than glycerol 
a/J-dinitrate. ■■ 

(5) The displacement of a. hydrogen atom of one of the hydroxyl 
groups of glycerol by a nitro-group produces a much more pro¬ 
found change in the absorption spectrum than the displacement of 
one or both hydrogen atoms of the remaining hydroxyl groups. 

(6) There does not appear to be any numerical proportionality 
between the number of hydrogen atoms of the hydroxyl groups 
displaced by nitro-groups and the degree of absorption for any 
particular dilution; 
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to the Besearch Committee of Messrs. Nobel’s Explosives Co., and 
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Abdeeh. [Received, 31 ay 26 th, 1919.] 


LX.IX .—The Interaction of Acetylene and Mercuric 
Chloride . 

By David Leonard Chapman and William Job Jenkins. 

Almost forty years ago, M. Kutscheroff (Her., 1881, 14, 1532, 
1540) made the important discovery that hydrocarbons of the 
acetylene series unite with water in the presence of mercury salts 
being thereby converted into aldehydes and ketones. 

CH:CH + HoO = CH 3 -CHO. 

CH S -C:CH + HgO = CH 3 *CO-CH 3 . 

As is well known, the reaction is of special importance, since it 
is now employed on a commercial scale for the preparation of acet¬ 
aldehyde, which is subsequently converted by oxidation into acetic 
acid. 

The mechanism of the action of acetylene on mercury salts in 
the presence of water and aqueous solutions of acids has been 
studied by Keiser (Artier. Chem. J., 1893, 15, 537), K. A. Hof¬ 
mann (Ber., 1898, 31, 2217; 1899, 32, 870; 1904, 37, 4459), Biltz 
and Murom (Ber., 1904, 37, 4417), Biltz (Ber., 1905, 88, 133), 
Biginelli (Ann. Ghimica, 1898, 16), and Brame (T,, 1905, 87, 427). 

Keiser, Hofmann, and Biltz and Muinm investigated the white 
precipitate obtained by passing acetylene into an aqueous solution 
of mercuric chloride. Keiser assigned to this substance the formula 
01Hg*C:C*HgCl, which is probably not correct. Hofmann con¬ 
siders that the first product to be formed is a substance having 
(ClHg). 2 C-CC1 2 

the constitutional formula* \y / , this being rapidly 

■' 

hydrolysed to trichloromercuriacetaldehyde, (ClHg) 3 C*CHO. Biltz 
and Muinm have shown that, the white precipitate almost certainly, 
has the constitution of trichloromercuriacetaldehyde, but they 
regard the evidence for the formation of the intermediate com¬ 
pound assumed by Hofmann as unsatisfactory. ■ 
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Braine lias pointed out that both Hofmann and Biltz failed to 
notice that Biginelli had observed the formation of small quantities 
of another substance having the constitution ClHg'*IICICHCl. By 
the action of acetylene on a solution of mercuric chloride in dilute 
hydrochloric acid, Brame has prepared the compound in crystal¬ 
line form and in sufficient quantity to demonstrate some of its 
properties. He concludes that there seems good reason for 
believing that the first action of acetylene on either aqueous or 
dilute acid solutions of mercuric chloride is the formation of the 
compound ClHg'HCICHCl by direct addition, together with acet¬ 
aldehyde. He adds, however, that it remains to be proved whether 
this additive compound is an intermediate product concerned in 
the production of acetaldehyde or whether it is a secondary sub¬ 
stance derived from the aldehyde. 

The chief product of the action of acetylene on a solution of 
mercuric chloride in dilute hydrochloric acid is acetaldehyde, and 
it i® therefore unlikely that Biginelli and Braine succeeded in con¬ 
verting more than a small proportion of the acetylene into the 
additive compound of mercuric chloride and acetylene, and it was 
no doubt chiefly for this reason that Brame was loth to conclude 
that it was an intermediate compound concerned in the production 
of acetaldehyde. His reluctance to draw this conclusion may also 
have been due to his observation that although the crystals were 
only sparingly soluble in water, they did not begin to separate 
from the mercuric chloride solution until the acetylene had been 
acting on the latter for several hours. 

We have recently discovered a method whereby a large propor¬ 
tion of the mercuric chloride can he converted into a crystalline 
compound of the composition HgCl 2 ;G>H 2 . Brom 72 grams of 
mercuric chloride, 50 grams of the additive compound were 
obtained. Unlike the other mercury compounds obtained by the 
action of acetylene on the salts of mercury, it is dissolved by most 
organic solvents. In ether or benzene it is very readily soluble, and 
can be purified by crystallisation from either of these solvents. It 
is also unique in having'a low melting point. In this respect it 
resembles the mercury alkyl and mercury alkyl haloid compounds, 
a circumstance that lends support to the view that the constitu¬ 
tional formula of the compound is . either 

C1HC-CHOI 

ClHg*HC:.OHCI or \/ 

Hg 

The acetylene was prepared from calcium carbide, and was 
collected in two gas-holders of 18 litres capacity. The gas was 
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circulated for eighteen hours through a smbawated solution of 
ame-rcuric' chloride in absolute alcohol (72 grams *.f mercuric chloride 
in 75 c.c. of absolute alcohol) through which at &l*ow current of dry 
hydrogen chloride had heen passed for five raLnui Us. After sixteen 
hours, long, colourless, needle-shaped crystals were deposited in 
the solution. At the end of the experiments -these were collected 
by the aid of the pump. The mass of the crystals was 10 grains. 
On pouring the solution into- a- large volum es oif water, 40 grams 
of a white solid were precipitated. This -was s oluble in ether or 
benzene; it was crystallised from the latter solwetit, and proved to 
be the same substance as the crystals which had separated from 
the alcoholic solution during the experiment.. 

An analysis of the product furnished, the :f oJlcowing results: 

Found: C = 7-93; H = 0-693; 01 = 23-67. :S£« 68-76. 

C 2 H 2 ,HgCl 2 requires C = 8-07; H = 0-677; C5L*33‘83; Hg = 67‘42 
per cent. 

Owing to decomposition, the melting $ ootafc could not be 
accurately determined. It was in the neighbourhood of 113°. 

An attempt was made to prepare the aanupound by passing 
acetylene through an ethereal solution of mercuric chloride in 
which dry hydrogen chloride had been disdoh&d. The acetylene 
was circulated for twenty hours. At the 'end..of the experiment, 
the ether was distilled off from the resulting- solution, and the 
solid residue examined. It was almost conojuLeskesly soluble in water, 
and practically none of it was dissolved Ln benzene. Therefore 
the solid residue was almost entirely unchaa.^esd mercuric chloride, 
and very little, if any, of the additive coanjmuntd could have been 
formed. It seems likely, therefore, that the* compound HgCl 2 ,C 2 H 2 
is only produced when acetylene is passed int o- solutions of mercuric 
chloride in ionising solvents, the compound being formed by the 
direct addition of the ions HgCl* and CF to H a unsaturated, hydro¬ 
carbon. 

From the above experiments, it seems probable that the first 
product of the interaction of acetylene ami mercuric chloride is a 
compound having the constitutional fturntala CIHg-HCtOHCl. 
The most interesting property of the cempwisd. is its solubility in 
dry organic liquids, for this circumstance, sad the fact that excel¬ 
lent yields of it can now be obtained, suggest that it may prove to 
be d useful reagent in organic synthesis. 

The Leolixe Jenkins Laboratories, 

Jesus College, Oxford. 


[JBew-iwet?, June 10 th, 19IS.] 
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LXX.— -The Basic Properties of Phenanthraqumone. 

By Joseph Knox and Helen Reid Will. 

The investigation of the basic properties of phenanthraqumone was 
undertaken as part of a scheme for the investigation of the basic 
properties of oxygen in organic compounds in general. The results 
in the case of organic acids and phenols are given in a paper by 
Knox and Richards (this vol., p. 508), which contains also refer¬ 
ences to the earlier literature on the subject. 

The method adopted was to determine the solubility of the 
organic compound in water and in solutions of mineral acids of 
increasing concentration. Increasing solubility of the organic com¬ 
pound with increasing concentration of the acid solution is taken 
to indicate salt-formation in solution. The salt-formation is 
assumed to be due to the formation of compounds of the oxonium 
type by the passage of the oxygen from the bivalent to the quadri¬ 
valent condition, as explained in the previous communication 
( 'loc.cit .). 

A red, crystalline nitrate of phenanthraqumone is described by 
Kehrraann and Mattisson (Ber., 1902, 35, 343), who ascribe to it 

C H .n*0<r H 

the constitution J 6 4 V x 0’N0 2 ' They also obtained a red, 

CflHpC.u 

crystalline compound of phenanthraqumone with sulphuric acid, 
which, however, was not analysed. They assume that the dark 
green solution obtained when phenanthraqumone is dissolved in 
concentrated sulphuric acid contains a salt in which each oxygen 
atom of the phenanthraqumone is combined with a molecule of 
sulphuric acid, whilst the red, crystalline compound is regarded 
as analogous to the nitrate. 

In the present investigation, the solubility of phenanthraqiimon© 
in water and in various concentrations of sulphuric, hydrochloric, 
and nitric acids has been determined at 25°. In order that- the 
solubility determinations in the various acids should be comparable, 
the following method was chosen. A weighed quantity of pure, 
powdered phenanthraqumone was placed in a glass-stoppered flask 
and 200 c.c. of the acid solution were added. The flask was allowed 
to remain in the thermostat at 25° for several days, with frequent 
shaking, until the solution was saturated. Each concentration of 
acid was shaken with phenanthraqumone for varying periods until 
constant results were obtained. The undissolved phenanthra- 
quinone was then rapidly filtered through a tared Grooch crucible, 
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washed with cold water until free from acid, dried at 100°, and 
weighed. The solubility in water was determined by shaking at 
25° until saturated and evaporating a litre of the saturated solu¬ 
tion to dryness on the water-bath and weighing. The following 
are the results of the solubility determinations. The concentration 
of the acid solution is given in gram-equivalents per litre and of 
the phenanthraquinone in grams per litre. 

Solubility of Phenanthraquinone in Sulphuric Acid at 25°. 

Cone. H„SO, .. 0-00 5-97 6-19 7-00 9-48 11-6 13*7 

Cone. CdjH s O., ... 0-0075 0-0080 0-0085 0-0095 0*012 0-019 0.-030 

Cone. H„S0 4 . 15-1 17*1 18-0 

Cone. C 14 H 8 0 2 ... 0-043 0-082 0-116 

Solubility of Phenanthraquinone in Hydrochloric Acid at 25°. 


Cone. HCi . 0*00 3-11 

Cone. C 14 H 8 O a ... 0*0075 0-012 

4*25 

0*016 

5*12 

0*023 

6*05 

0*029 

6*07 

0*031 

7*20 

0-046 

Cone. HCI . 

Cone. C I4 H s 0 2 ... 

8*50 

0*058 

9*25 

0*088 

10*8 

0*157 



Solubility of Phenanthraquinone 

in- Nil 

trie Acid at 25°. 

Cone. HNO s . 0-00 4-2G 

Cone. C m H 8 0 2 ... 0*0075 0*049 

4*54 

0*053 

5* 02 
0*067 

6*15 

0*099 

6*60 

0*114 

6*70 

0*118 

Cone. HNO a . 

Cone. C lt H 8 0 2 ... 

7*20 

0*157 

7*45 

0*175 

8*30 

0*227 




These results are shown graphically in the diagram, in which the 
ordinates represent the concentration of the phenanthraquinone in 
centigrams per litre and the absciss® the concentration of the acid 
in gram-equivalents per litre. 

A high degree of accuracy is not claimed for these solubility 
determinations. They are, however, sufficiently accurate to show 
that in every case the solubility increases with increasing concen¬ 
tration of the acid, indicating that phenanthraquinone has basic 
properties. For the reasons given by Knox and Richards (foe. 

these basic properties are attributed to the formation of salts 
of the oxonium type, in which the oxygen becomes quadrivalent. 

The increase in solubility is greatest in nitric acid and least in 
sulphuric acid for equivalent concentrations. This was also found 
to be the case with organic acids and phenols {floe. cit.), so that 
salt-formation occurs most readily with nitric acid and least readily 
with sulphuric acid.;: 

An attempt was made to determine the concentration of nitric 

I I* 2 
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acid 'which, is in equilibrium with phenanthraquinone and the 
nitrate, H 8 0 2 ,HN0 3 , according to the reversible reaction 

c 14 h s o 2 +hno 3 -- c 14 h 8 o 2j hno 8 . 

Th© equilibrium is readied very slowly, however, from the left- 
hand side-, By shaking phenanthraquinone at 25° with various 
concentrations of nitric acid, it was found that the red nitrate was 
formed with concentrations of acid in the neighbourhood of 12*5iV, 
hut that slightly more dilute acid aeted very slowly, as indicated 
by the very slow fall in concentration of the acid with continued 
shaking. Even with 12‘5JV r -acid, the concentration of the acid 
diminished only slightly, although the red compound was obviously 
present', since the nitrate is formed on the surface of the phen- 



anthraquinone and prevents further action of the acid, The 
equilibrium was therefore approached from the other side. The 
red nitrate was prepared by the method described by Kelirmann 
and Mattisson, and shaken at 25° with various concentrations of 
nitric acid. When the concentration of nitric acid was below 
ll‘22Vy decomposition of the nitrate took place comparatively 
rapidly u ntil the concentration of the nitric acid, rose to this value, 
provided that sufficient nitrate was added to have both solid phases, 
phenanthraquinone and its nitrate, present at equilibrium. At 
25°, therefore, phenanthraquinone and its nitrate, G 14 H 8 0 2 ,HN0 3) 
are in equilibrium with ll'2xV-nitric acid. 

Cmmimr Department, 

UmvERSiTY op Aberdeen. [Received, June 1 6th, 1919.] 
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LX XL— The Solubility of Silver Acetate in Acetic Acid 
and of Silver Propionate in Propionic Acid , 

By Joseph Knox and Helen Reid Will. 

The solubility of silver acetate was determined at 25° in water 
and in various concentrations of acetic acid, up to about 17N, in 
order to see whether an acid salt was formed under these condi¬ 
tions. In the analogous case of sodium acetate and acetic acid, 
two acid salts, C 2 H 3 0 2 lSra,C2H 4 0 2 and C 2 Bl 3 G 2 Na .2 C 2 H 4 G 2 , are 
formed (Farmer, T., 1903, 83, 1440; VasilieS, J. Muss. Phys. 
Chem. Soc 1909, 41, 753; Dukelski, Zeitsch. anorg. Chem 1909, 
62, 114; Abe, Mem. Coll. Sci. Eng. Kyoto , 1911, 3, 13; Dunning- 
ham, T., 1912, 101, 431). In the case of silver acetate and acetic 
acid at 25°, the solubility curve is continuous, indicating that no 
new phase is formed. The solubility of silver propionate in various 
concentrations of propionic acid was also determined, and a con¬ 
tinuous solubility curve also obtained. 

The silver salts were purified by recrystallisation from water, 
and shown by analysis to be pure. Excess of the salt was shaken 
with water or varying concentrations of the corresponding acid 
until constant solubility was obtained. The silver salt in solution 
was determined gravimetrically as silver chloride, and‘the acid by 
titration with sodium hydroxide free from carbonate. The experi¬ 
mental results are as follows. The concentration of the silver salt 
is given in grams per litre, and that of the acid in gram-equivalents 
per litre.. 


Solubility of Silver Acetate in Acetic Acid Solutions at 25°. 


Cone. C 2 H 3 0 2 Ag. 

11*13 

10*73 

10*32 9*98 9*52 

9*19 

8*72 8-29 7*73 

7*31 

Cone. C 2 H 4 0 2 ... 

000 

1*00 

2*00 2*98 4*19 

4*98 

5*99 6-80 8*01 

8*97 

Cone. C«H s O a Ag. 

6-78 

6*15 

5*33 4*96 

4*29 

3*43 2*48 

1*09 

Gone. C 2 H 4 0 2 J. 

9*96 

11*02 

12*32 12*97 

13*97 

14*90 15*93 

17-28 


Solubility of Silver Propionate in Propionic A cid Solutions at 25°. 

Cone. C s H s (XAg. 9-04 8-58 8-01 7-60 6-78 5-78 4*96 3*16 2-17 

Cone. C 3 H 6 0 8 ... 0*00 X-00 2-00 2*97 4-95 6-97 8-56 11*40 13*03 
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Tli© results of the solubility determinations are shown graphic¬ 
ally in the diagram, in which the ordinates represent the concen¬ 
tration of the silver salt in grams per litre and the abscissae the 
concentration of the acid in gram-equivalents per litre. 

The solubility of silver acetate in water at 25° is given by Gold¬ 
schmidt ( Zeitsch . physikail . Ghent,, 1898, 25, 91) as 11’18 grams 
per litre, and by Jaques (Trans. Faraday Soc., 1909, 5, 225) as 
11 '07 grams per litre. The value obtained by interpolation from 



Baupenstrauch’s results at 20° and. 30°, recalculated to grams per 
litre, is 11*21 grams ( Monatsh 1885, 6, 585). For silver pro¬ 
pionate in water at 25°, Goldschmidt ( loc . cit.) gives 9*04 grams 
per litre, and the same figure is obtained from Baupenstrauch/s 
results (loc. cit.). These values for the solubility of silver acetate 
and silver propionate in water at 25° agree closely with ours. 

■ Chemical Department, 

University or Aberdeen. 



[Received, June IQth, 1919.] 
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Emission Spectra and Atomic Structure. 

A Lecture Delivered before the Chemical Society on 
March 6th, 1919. 

By John William Nicholson. 

The invitation of the Council of the Chemical Society to- take part 
in a series of three lectures during the present session is peculiarly 
acceptable to me, in that it gives me an opportunity to draw 
attention to certain problems of atomic structure in which further 
progress can scarcely be hoped for without a more complete co¬ 
operation between the physicist and chemist than has hitherto 
been customary. 

The chemist appeals frequently to the physicist, or even to the 
mathematician, for guidance. I wish to emphasise, and I hope 
that my remarks will serve to do so, that it is even more a necessity 
that the real aid to he invoked in the problem which we share in 
common—that of the elucidation of the nature of the elementary 
atom—is that of the chemist. It is my belief that this problem 
will not proceed further towards a satisfactory solution without 
the joint action of the physicist and the chemist, who have hitherto 
tended to work in separate channels, without a complete knowledge 
of their mutual activities. Some of the problems in which co¬ 
operation is desirable I hope to indicate, perhaps vaguely, but 
sufficiently clearly for those of us who have really common interests. 

Prof. Soddy has relieved my task very much. One of the 
pioneers on the chemical side, he gave an account of the bearing 
of chemistry on the problem of atomic structure which is beyond 
criticism, and to which nothing further can really be added from 
that point of view. Some questions were raised on which more 
could perhaps he said—for instance, the spectra of isotopes, to 
which I may refer again. As regards his address, I should like 
to say at the outset that the views therein expressed cannot be 
contested seriously by the physicist or the mathematician who has 
worked at the problem of atomic structure. 

My own object is to consider this problem from the point of 
view of spectra. I will endeavour to confine my remarks to the 
more immediate issues, for the subject of spectra is at present so 
vast as to transcend any delimitation as a branch of chemistry or 
of physics. I must consider it only "from the point of view of 
atomic structure, which I have already described as" the ultimate 
aim of both physics and chemistry, an aim. only to be achieved , by 
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co-operative effort, and preferably by the existence at the same 
time of strong chemical and physical schools at one of our leading 
universities. Prof. Soddy began at. the , “heavy ” end of the 
periodic table of the elements. I shall, in effect, begin at the 
“ light ” end—with hydrogen and helium and possible lighter 
elements. Before I so begin, however, a few words regarding the 
nature of spectra are necessary—and my remarks are confined to 
emission spectra, and not absorption spectra, which, although of 
supreme importance to the chemist, are less interesting as bearing 
on the structure of the atom. 

Any complete account of the nature of spectral series, as 
elucidated by experiment, would be quite outside the limits of time 
of a single lecture. I must perforce neglect various matters, such 
as satellites of spectrum lines, as of secondary importance. The 
account of spectra whieh I give must be accepted as an ideal 
simplification of existing spectra, to which, nevertheless, theories 
of atomic structure must conform. Moreover, it is not to be under¬ 
stood that such an account is valid for the heavier elements, the 
spectra of which exhibit a more complex scheme of relations, but 
since atomic theories must in practice be illustrated or even con¬ 
firmed from the lighter and more chemically simple elements, show¬ 
ing the simpler types of spectra, no disadvantage is thereby 
involved. 

Series of spectrum lines will then be regarded as falling into 
three mutually related sets—the so-called diffuse, sharp, and prin¬ 
cipal series. The existence of any one of these implies that of the 
other two, and the lines constituting any one of these series may 
be single, double, or triple. An element may emit two distinct 
sets of series, perhaps more. For instance, helium gives three 
series of single lines and three of doublets. It is a great advantage 
to work with wave numbers, or numbers of complete wave-lengths 
in a centimetre, rather than wave-lengths themselves, in the dis¬ 
cussion of series, for this procedure enables the relations of the 
three types of series to be stated very simply. If we proceed along 
a- spectrum series towards the violet, the lines are seen to become 
closer and closer together until a limit is reached at which two 
successive members coincide. Lines are never, in fact, visible in 
the laboratory near this limit, although their convergence towards 
it can he seen readily enough, the actual limit being a matter of 
calculation. The diffuse and sharp series tend to the same limit 
in all cases, and from this' limit we can calculate, and thereby 
predict, the wave-number intervals between the lines of the prin¬ 
cipal series. The Bydb erg-Schuster law gives also the limit of the 
principal series,. /AA-p.. 
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In regard to double lines, the series relations are even more 
interesting. The •wave-number interval between the two members 
of a doublet is constant along tbe diffuse and sharp series-—the two 
members form separate series tending to different limits. In a 
principal series, on the other hand, they tend to the same limit, 
and the doublets rapidly become narrower towards the violet end 
of the spectrum. 

Our present interest in these questions is mainly confined to the 
discovery of a chemical atom which can produce a set of ethereal 
waves the frequencies of which are related in this curious manner. 

I will endeavour to summarise some of the more extreme difficul¬ 
ties met at the outset. In the first place, a series contains an 
infinite number of lines, and if the spectra are in any sense 
dynamical vibrations of tbe atom, the frequencies of which are 
transmitted to our instruments by tbe ether, the atom must have 
an infinite number of degrees of freedom. This is not consistent 
with the very finite number of possible vibrating parts which, 
from many converging lines of evidence, we are now compelled to 
assume for its structure—the positive nucleus and some electrons in 
rotation round it. The only way to surmount this difficulty is, in 
fact, to postulate that series spectra are derived from the nucleus, 
and are not a question of the outer electrons. This nucleus must 
then be endowed with an extremely complex structure. In this 
way, we might hop© to preserve the conception of spectra as 
dynamical vibrations, and all the lines of the three series might 
then arise simultaneously from the same atom. We cannot 
altogether reject this possibility, but if it were more than a possi¬ 
bility, we should be driven to a very disappointing conclusion. 
For nuclear structure is a thing we may, and often do, speculate 
about, but it is at tbe same time practically beyond the power of 
our experiments. We know, for instance, that a- and jS-particIes 
in radioactive phenomena are shot from the nucleus, but nothing 
we can do appears to have any retarding or accelerating effect on 
such phenomena or to give a clue to the arrangement of the 
particles before their emission. We cannot, in fact, influence the 
nucleus in any effective way, but only its surrounding electrons. 
Speculative theories of spectra as arising from a nucleus may then 
b© constructed in the future, but there would remain the funda¬ 
mental difficulty of testing them experimentally. Many pheno¬ 
mena, however, for instance,-the Zeeman and Stark effects, and 
the curious variations shown in the spectra of mixed gases, seem 
to indicate that the surrounding electrons are vitally concerned 
and 'that the nucleus gives us no mode of escape.: 

Since we cannot have the infinite number of degrees of freedom, 
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the conception of an infinite number of states of an atom arises 
with a finite number of spectrum lines—perhaps only one-—corre¬ 
sponding with each state. Two lines of the same series are then 
never given simultaneously from the same atom. This underlies 
the two theories of production of spectra which have achieved some 
success, namely, the theories of Ritz and Bohr, on which more will 
be said later. 

The second difficulty to which I shall refer is that all the formulas 
which give a useful expression for the series relations of spectral 
lines serve to show quite conclusively that the frequencies of the 
lines are simple functions of a quantity to which we can assign 
any whole-number value we please, each value corresponding with 
a definite'line. Dynamical theory always leads to an expression 
for the square of the frequency, and the frequency itself is a square 
root which ordinarily does not work out into a simple form. This 
difficulty is of a type which I do not wish to expound at length 
now, but it is sufficient to say that a satisfactory theory of spectra 
as atomic vibrations must lead to an equation giving the frequency 
itself, and not its square, in the first instance. There is only one 
known case in which this occurs, namely, the case in which the 
forces which regulate the vibrations of the atomic electrons are 
mainly magnetic. This is the manner in which Ritz overcomes the 
difficulty. He found it necessary to postulate the existence of a 
specific magnetic moment—the magneton , in fact—which was in¬ 
variable, like the electric charge of an electron, from atom to 
atom. An atom could contain various numbers of magnetons, each 
corresponding with one of its f * states/ 5 and each state gave a 
spectrum line when the electrons of the atom vibrated under the 
influence of the elementary contained magnets. 

This theory of spectra was extraordinarily successful. Its 
prophecies were verified at every turn, and it was the instrument 
which, more than any other, has directed the experimental work of 
spectroscopists into fruitful channels and led to a consolidation 
of'the phenomena of spectra into great generalisations which are 
now fully established. It led, in fact, to the well-known com- 
binaiion ..principle .of spectra on which Bohr’s theory was subse¬ 
quently founded. The defects which are regarded as fatal to it 
are derived from other considerations than those of spectra. Such 
problems as the scattering of a- and jS-particles by atoms, treated 
experimentally and compared with the theory developed by 
Darwin, Bohr, and others, do not appear to- be consistent with 
such fields of magnetic type, although Hicks has had some success 
in the contrary direction in interpreting the -deflections of these 
particles by a magnetic core of til® atom; 



NICHOLSON: EMISSION SPECTRA AND ATOMIC STRUCTURE. 859 


I do not propose to say more regarding tie existence of magnetic 
forces within the atom or as regards the existence or non-existence 
of the magneton itself. There is a vast amount of literature on 
the subject, which only, in fact, comes into the scope of existing 
theories of spectra in the manner already briefly indicated. The 
other theory which has had some success in explaining series spectra 
is of quite another type, and does not admit such magnetic forces. 
We shall discuss it later, but shall proceed at present to consider 
some spectra which do not form ordinary series. 

It is difficult to think of an atom as a nucleus of positive elec¬ 
tricity with satellite electrons without imagining that the atom 
is capable of vibrations of a periodic type, and that these vibra¬ 
tions must show themselves in the form of optical wave-lengths. 
These should, from general considerations, have a frequency which 
brings many at least into the visible spectrum. The argument is 
founded merely on the accepted—from many well-established facts 
-^-values of the radii, electronic velocities, and so forth. I will 
proceed to give a short account of some of my own work in this 
connexion, the data on which it is founded being mainly those of 
spectroscopic astronomy. 

In the first place, one very general result must he stated. It is 
so frequently ignored in the construction of theoretical atoms that 
too much emphasis can scarcely be given. Under the inverse 
square law of attraction or repulsion of elements of electricity, or, 
indeed, any inverse law at all, coplanar rings of electrons are not 
possible, in the sense that- even an undisturbed atom, cannot pre¬ 
serve its configuration. The conclusion may probably be extended 
to non-coplanar rings. 

Rutherford lias shown that the nucleus apparently continues to 
act on electrons with this law at distances less than the atomic 
radius, and there is much evidence that the electrons continue so 
to act on each other. If this is confirmed further, the explanations 
of the phenomena of Rontgen radiation, based on transfer of an 
electron from one ring to another, will fall to the ground. The 
subject has many ramifications, and the following statements, cap¬ 
able of logical demonstration, show. the chaos in wdiich the physics 
of the atom is now involved: — 

(1) Experiments on scattering of a- and j3-parjpcles by atoms 
indicate that the usual laws of electrical action are valid inside 
the atom. This precludes comparable forces of magnetic origin. 

(2) Separate rings of electrons are impossible if (I) is true, and 

this would annihilate attempts hitherto made to interpret the 
'characteristic X-radiation■■'■■■ of atoms,which then can only be a, 
property of the nucleus, . . ' 
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(3) The now accepted dimensions of this nucleus are not con¬ 
sistent with. (2). They are also not consistent with the fact that 
it is capable of sending out /3-particles during a radioactive change, 
for a single /8-particle is much larger than a nucleus. 

It would be possible to continue such a table of contradictions 
for a considerable time, and if the quantum theory is invoked, the 
situation is little better. I do not wish to do more than indicate 
the position, for more could not be done in a Sufficient space. 
What I wish to make clear is that whilst those who, like Prof. 
Soddy, discuss radioactive phenomena, proceed from the “heavy ” 
end of the periodic table, any constructive account of spectra must 
begin at the “light” end. 

For the simplest possible elements, there can only be a question 
of one ring, whatever view is adopted. My own procedure was as 
follows. Taking the ordinary laws of electrical action, it is possible 
to work out the frequencies of dynamical vibration of an atom 
with, say, any number of electrons up to six, in one ring, rotating 
round a nucleus of any defined strength. The ratios of these fre¬ 
quencies are pure numbers in most cases, although for certain 
defined vibrations there is a small correction involving the ratio 
of mass of the electron and nucleus. We may search for vibra¬ 
tions, falling into groups with the prescribed ratios among 
individual members, in any spectrum, that is known to emanate 
from matter of the simplest form—determined by the fact that no 
known element heavier than helium, for instance, is indicated as 
being present—and if such a spectrum is found which falls com¬ 
pletely into such groups there is an a priori case for the con¬ 
clusion that we have given a theory of the spectrum which is satis¬ 
factory, and of necessity settles many points of atomic structure. 

The nebulae and the solar corona have been generally believed 
to consist of the simplest forms of matter. They have always been 
invoked by speculators on the periodic table and its possible 
“early ” elements, and with much reason. The spectrum of a 
nebula, for instance, contains only, lines of hydrogen and helium, 
and others which cannot be produced' in the laboratory after every 
possible mode of deriving them from likely elements has been tried. 
The spectrum of the corona, whilst rich in lines, contains nothing 
that can. be produced inthelaboratory. Naturally, in a search 
for the groups" in specified numerical ratios, derived from precisely 
described atoms, we began with these spectra. The results were 
startling. The coronal spectrum consists entirely of lines—in 
number about thirty-six—which all fit precisely into the scheme 
of ratios for elementary atoms in which the nucleus has a charge 
5e or 7e, and five or seven electrons rotating round it, as the case 
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may be, in its normal state, and smaller or greater numbers in its 
charged states. The chemical identity of the atom must be 
regarded as determined by the charge of its nucleus—or its atomic 
number. The whole coronal speetrum can thus be linked up as the 
superposed spectra of two chemical substances, and represented by 
simple formulae. It was found, moreover, that these formulas 
would go further and predict the existence of new and unobserved 
spectrum lines. A notable instance was the coronium line X 6374 
found by MM. Deslandres and Carrasco some time after the publi¬ 
cation of the formula which predicted it, and similar predictions 
in the case of the spectra of planetary nebulae have been verified. 
The corresponding substances in the nebulae which are invoked as 
hypothetical entities are the same in kind as those for the solar 
corona, differing only in* nuclear charge or atomic number. It is 
curious to note that the atomic numbers of the necessary hypo¬ 
thetical atoms for nebulae are the even numbers 2, 4, 6, and for 
the corona they are odd numbers, 5, 7. The coronal spectrum 
appears to come in the main from these hypothetical atoms endowed 
with strong negative charges, for instance, the atom 7e with 9 
revolving electrons. This points to an abundance of negative 
electrons in the corona, unattached to atoms and readily capable 
of attachment. There is much evidence, at the same time, that 
the atoms themselves are endowed with very high velocities, and 
may be a new form of a-particle. 

To return to our main argument. What all these atoms share 
in common is. the fact that their angular momenta are simple 
multiples of a constant unit. Armed, with this generalisation, we 
can calculate the spectrum of any of these hypothetical elements— 
say one in the nebulas—from that of another of different chemical 
nature—say one in the corona. I ventured to put forward the 
suggestion that this was the real basis of the quantum theory, and 
that the angular momenta of the electrons in all atoms were related 
in this simple way to a universal constant of nature, which, being 
an angular momentum, had the proper dimensions, and even the 
proper numerical value, as calculation showed, of Planck’s unit. 

Dr. Bohr, in the theory of series spectra which he subsequently 
put forward, adopted this generalisation. Prof .Jeans is to address 
you on the subject the fringe of which we are new touching, so 
that I will proceed no further, but turn aside to another aspect of 
importance to chemists. We have seen already that in certain 
spectrum lines calculated in the way outlined above, there will be 
a' small discrepancy of wave-length due to the,'fact that the nucleus 
itself, oscillates, as well ■ as the electrons,, iu. the types of vibration 
producing these lines. Its mass must therefore enter into the 
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question in these special cases, and it enters as a small term of 
order m /M, where m is the mass of the electron and M that of the 
nucleus. From the discrepancies, we can calculate M/m , which, 
with our practical knowledge of H(m, where 21 is the mass of the 
hydrogen atom, gives us M/H , the atomic weight of the hypo¬ 
thetical atom. Very concordant results are obtained from these 
calculations. The atomic weight of coronium, the name given to 
the hypothetical atom causing the most striking line X 5303 in the 
coronal spectrum, is 4*0, suggesting that it may he a helium atom 
radiating in an unusual manner in an unusual environment; but 
the atomic weight of the other element there required is 2*0, which 
corresponds with no known terrestrial element. Again, in the 
nebulae, the two most important atoms required give atomic weights 
1*3, 3*0, again with no known terrestrial- equivalent. Yet, never¬ 
theless, MM. Buisson and Fabry, by their method of determining 
the mass of a radiating* atom from the interference of its radiation, 
experimentally confirmed the value 3*0, and showed that the 
element for which our value is 1*3 had an atomic weight greater 
than, but not much greater than, that of hydrogen. It seems 
necessary to presume the existence, in circumstances which we 
perhaps are unable to produce at present in the laboratory—and 
maintain for a length of time—of such atoms which may not be 
chemical elements in the sense ordinarily understood by that term. 

We have, in fact, two alternatives. Either the atoms in ques¬ 
tion have not an existence or Have not been produced terrestrially, 
or we have not yet excited them in the laboratory in the appro¬ 
priate manner to produce such spectra. The latter alternative 
seems more probable. There is reason to believe that the coronal 
spectrum at least consists of a somewhat scattered “ negative band” 
spectrum, produced in the presence of an excess of electrons by a 
very mild form of excitation. However that may be, these spectra, 
although without doubt the first spectra to receive a strict 
theoretical basis which is satisfactory, are not series' spectra as 
known to us, being in the nature of their relations very analogous 
to, and without doubt a special case of, band spectra. Series 
spectra themselves, as defined above, cannot, as we have seen, be 
ascribed, to dynamical vibrations about an atomic condition of 
steady motion. 

Before we proceed to series spectra, we should perhaps state the 
assumptions involved in the above work. They are, in effect, 
identical with the conclusions derived by Sir Ernest Rutherford on 
experimental grounds about six months after the publication of 
the first paper in which some of these results were obtained. In 
fact, they can all be included in the statement that the nucleus is 
at least as small as an electron, and that the law of force between 
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electric charges is strictly —-to an extreme order of approximation— 
that of the inverse square. It is not necessary at this point to 
emphasise the very definite atomic structure which these results 
imply. The law of inverse square, the small nucleus, the existence 
of. Planck’s constant as a universal angular momentum, are simple 
examples of what can be deduced. The law of at least some 
negative spectra of atoms, previously unknown, is another corollary. 
Many of these deductions have been confirmed by the later experi¬ 
mental work, on quite other ground, of Pother ford and of his 
colleagues, and have to a large extent become part of the essential 
basis of Bohr’s theory of spectra and its extraordinary con¬ 
sequences, recently worked out by Paschen and others, in regard 
to the fine structure of lines in the spectrum of hydrogen. 

The spectra which we have just described are not series spectra 
in the ordinary sense of the term. They are in all essentials band 
spectra. Their production in the laboratory from known materials 
involves a new type of experiment—an experiment in which a gas 
of extreme tenuity must be excited by an electric force insufficient 
to ionise the gas and thus detach an electron, but sufficient to show 
a ‘‘dynamical vibration 5 ’ spectrum after an exposure of many 
hours. No such form of excitation has yet been tried in any 
experimental production of spectra, but it is now being tried by Dr. 
Merton. It appears to he the only hope of producing some of these 
elusive astronomical spectra in the laboratory, and thus reaching 
one of the goals of the astronomical spectroseopist. 

It is already clear that series spectra cannot be “dynamical 
vibration ” spectra from the reasons cited above. What are they ? 
The only suggestion which has met with any considerable success 
is that of Dr. Bohr, Proceeding from the point of view outlined 
above, he supposes, for instance, that an atom of hydrogen can 
have one electron rotating with an angular momentum which is 
any multiple of h{2v, where h is Planck’s constant. He calculates 
the energy in any such state of rotation-—a stationary state—and 
assumes that radiation is emitted in the passage between two such 
stationary states of amount equal to the loss of energy between 
the states, and also of amount hv, where, in accordance with 
'Planck’s law, v Is the frequency of the emitted vibration. He thus 
deduces the hydrogen spectrum as containing the frequencies 

V = B (m* ~ 

where m and n are any integers and B is a universal constant- 
dependent on Planck’s constant, the calculated value of which 
approximates in a remarkable way to Rydberg’s universal constant 
of spectra. The theory does, in fact, reproduce the hydrogen 
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spectrum, although, of course, that of Kite, founded on the 
magneton, did the same, and is too frequently ignored. I wish 
at this point to make a remark which seems to me essential, and 
relates to a matter not previously dealt with effectively by 
theoretical physicists intent upon constructing models of a hydrogen 
atom which can give the Balmer series spectrum. This spectrum 
consists of about six lines in the laboratory. The actual spectrum 
of the hydrogen atom contains more than a thousand lines, the 
rest being the so-called “secondary spectrum.” At least six 
theories of a hydrogen atom have now been given, leading to the 
Balmer series as its spectrum. But none gives any clue to the 
origin of the secondary spectrum of hydrogen, which is the real 
key to the problem of atomic structure, for it is known to be due 
in the main to the hydrogen atom, and not the molecule. I regard 
the disentanglement of this spectrum into its component hands 
and series as the most fundamental problem of modern spectro¬ 
scopy. It is the great simplicity of the formula for the Balmer 
series which renders it so easy to construct physical theories to 
account for it. These theories are, nevertheless, unable to carry 
conviction if they do not provide for a much more extensive spec¬ 
trum of the hydrogen atom, and no theory has yet even begun 
this task, which is one of great difficulty in the case of an atom 
believed to contain only one electron. 

I have naturally confined my attention mainly to the more 
fundamental matters which relate to the simplest chemical atoms. 
Time is too short to enter into many other interesting points, such, 
for instance, as the fine structure of the hydrogen lines, which Dr. 
Merton and I have been elucidating recently. It is now known, 
for instance, that the Balmer series is a principal series, and not 
a diffuse series, as hitherto assumed. This result alone has an 
important bearing on the mechanism of production of this series 
from an assigned atom. If we were to discuss the spectra of mixed 
gases or of molecules, a host of problems remains to be solved, and 
can only be solved by co-operation of the physicist and chemist. 
To give only one instance, we may ask a question. In a mixture 
of calcium and barium molecules, with perhaps a temporary 
. association. CaBa, what relation would the spectrum of such a 
"..'.vmolecule ■ have to those, of. the- calcium and barium molecules ?: The. 
whole question of the spectra of the temporary associations found;, 
in vacuum tubes, and analysed by Sir J. J. Thomson’s method of 
“positive rays,” remains for solution. All such work will bear 
on the problem of atomic structure, for an atom is not satisfactory 
unless it also forms molecules the spectra of which are deducible 
from that- of the atom. No present model of a hydrogen atom 
appears as yet to have succeeded. 
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The Quantum, Theory and New Theories of 
Atomic Structure. 


A Lecture Delivered before the Chemical Society on 
May 1st, 1919. 

By James Hop wood Jeans. 

The problem of the structure of matter falls into two parts: first, 
the problem of determining tlie- constituent parts of matter, and, 
second, that of determining the laws according to which these 
constituent parts move and react with one another. 

It has for some time been universally accepted that the funda¬ 
mental constituents of matter are electrical in their nature, consist¬ 
ing of bodies of infinitesimal size carrying electric charges which 
are inseparable from them. Briefly speaking, matter is made up 
of positive and negative charges of electricity. The properties of 
the bodies carrying the negative charges are fairly well known. 
These bodies are the negative electrons; they all carry precisely 
the same charge “and have precisely the same mass. They are 
independent of the chemical nature of the substance to which they 
belong, and so form standardised and interchangeable parts of all 
atoms. The same electron which at one instant forms part of an 
atom of hydrogen may at some future instant form part of an 
atom of iron; at another instant it may play the role of a,“free ” 
electron, its motion contributing to the carrying of an electric 
»current through a mass of metal or of gas. 

The properties of the positive charges, or “ nuclei" as they are 
commonly called, are known with less certainty. X will try to 
discuss these 1 properties in their logical order rather than in the 
chronological order of their discovery. Rutherford has proved 
that the a-rays emitted hy radioactive substances are positively 
charged particles; he has shown that they all carry the same 
charge, and that this is equal, numerically, to twice the charge 
■ carried by a negative electron. Xf ~~e is the charge carried/ by 
each negative electron, the a-particle carries a charge +2e. Thus; 
an a-particle and two negative electrons would form a system 
carrying zero charge—an electrically neutral system. The: system 
constituted in this way has been shown by Rutherford to be the 
normal helium atom. Thus the positive nucleus of the helium 
atom is simply the a-particle; its charge is + 2e; its mass is, of 
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course, the mass of the helium atom minus twice the mass of a 
negative electron. Since the mass of the helium atom is about 
7300 times that of a negative electron, we may say that- the positive 
nucleus carries practically all the mass of the helium atom. 

The size of the negative electron is well known. The variation 
of its mass with its velocity proves that the whole of its mass is 
electromagnetic, and this circumstance enables us to assign to it the 
definite radius 2 x 10~ 13 cm. The size of the helium atom is also 
known—from the kinetic theory of gases. Its radius is almost 
exactly 10~ s cm., or just about 50,000 times that of the negative 
electron. 

We are led to wonder whether the positive nucleus carries most, 
of the “ size ” of the atom as well as most of its mass. The answer 
is provided by experiments on the scattering of a-particles by 
matter. Imagine a jet of a-particles directed on to a thin sheet 
of matter. If the a-particles were of the size of helium atoms, it 
is clear that they would be obstructed at every point by the atoms 
of the matter, and would not emerge as a jet at all. It has, in 
point of fact, been found that the majority of the a-particles 
emerge with their j>aths only slightly deflected by their encounters 
with the atoms of the matter, whilst a few have their paths 
deflected through quite large angles. The inference which must 
be drawn is that not only are the a-part-icles excessively minute, 
but also that the parts of the atoms which are effective in deflecting 
the paths of the a-particles are themselves excessively minute. 
The actual amount of scattering observed agrees quantitatively 
with this conclusion, provided it is assumed that each atom con¬ 
tains only one positive nucleus, its size being infinitesimal compared 
with the size of an atom, and its charge being approximately pro¬ 
portional to the atomic weight of the matter. 

Thus the normal atom is found to consist of a certain number, 
X, of negative electrons, each of charge —c, and a positive nucleus 
of extremely minute size and of charge Ne. Tor helium we have 
already seen that iV r = 2, and the question immediately arises as to 
the value of N for other elements. 

This problem has been solved by experiments on the X-ray 
spectra of the elements. Suppose, the elements, are .arranged in 
order of their atomic weight, beginning with hydrogen, the lightest, 
leaving unoccupied gaps where the periodic law suggests that an 
element remains to be discovered, for example, between tungsten, 
and osmium, and reversing ike order of elements where this is 
demanded by the periodic law, so that, for instance, cobalt is 
placed before nickel and argon before potassium. The “ atomic 
number” N of any element is that which' represents its position, in 
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this series. Tims for hydrogen iF = l, for helium ip = 2, for lithium 
N = 3, for argon N = 18, for potassium iV^ = 19, for silver 27 = 47, and 
so on. Then Moseley and others have proved—and I think most 
physicists are content to accept the proof as conclusive— that the 
number of negative electrons in the normal uncharged atom of any 
element is equal to the atomic number N of that element. The 
charge on the positive nucleus of an atom of an element is accord¬ 
ingly Ne, where N is the atomic number of the element. 

This settles, I think, in the opinion of most physicists, finally 
and incontrovertibly, t-he problem of determining the ingredients 
of the atom. The uncharged hydrogen atom consists of a single 
negative electron of charge — e and a positive nucleus of charge 
-i-e, the mass of which is something like 1840 times that of the 
negative electron. The uncharged helium atom consists of two 
negative electrons and a nucleus of charge 2e, and so on. 

The problem of determining how these constituents are arranged 
and move inside the atom is still far from complete solution. The 
material we have to work on consists almost entirely of the spectra 
of the elements; these provide a mass of data which admit of 
accurate measurement to five, or even six, significant figures. 
Knowing the structure of, say, the hydrogen atom, we could calcu¬ 
late its spectrum if we knew its laws of motion, just as Newton, 
conjecturally knowing the law of gravitation, could calculate what 
the orbit of a planet ought to be. 

Suppose, for instance, that the positive nucleus and the negative 
electron, which form the normal hydrogen atom, moved according 
to the ordinary electrostatic law, by which the force varies as the 
inverse square of the distance. The positive nucleus, being 1840 
times more massive than the negative electron, would remain prac¬ 
tically at rest, whilst the electron would describe an elliptical 
orbit about it. The radiation which Would be emitted by an 
electron describing such an orbit can readily be calculated. There 
would be orbits of all possible sizes, and therefore of all possible 
periods, so that the emitted radiation would be of all possible fre¬ 
quencies—in other words, the spectrum would be continuous. 
Since the spectrum of the hydrogen atom consists of sharply defined 
Lines, it is therefore at once clear that the motion in the hydrogen 
atom is nob governed by the ordinary electrostatic laws. Precisely 
similar reasoning shows that the electron cannot move under any 
continuous force from the positive nucleus. 

j Knowing the laws of motion, we could determine the spectrum. 
IJnfortunately, the converse problem is not soluble; knowing the 
spectrum, we cannot deduce the laws of motion. Some knowledge 
of: a general kind can be obtained—in particular, the laws of motion 
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are necessarily discontinuous, for continuous laws of motion would 
lead to a continuous spectrum. 

So far, we have considered the atomic spectrum. A somewhat 
similar situation presents itself when we turn to the consideration 
of the continuous spectrum of a solid. Except for irregularities 
arising from imperfect emission of the surface, all solid bodies give 
the same spectrum at the same temperature. The nature of this 
spectrum depends on the laws which govern the motion of the 
electrons by which the radiation is emitted. Different spectra 
would correspond with different laws of motion, and conversely. 
Again, if we knew the laws of motion, it would be possible to 
determine the spectrum. • 

If the- motion of the electrons were governed by the classical 
laws of mechanics (Newton’s laws), it can be shown that the 
spectrum would be of a very special type—there would be no wave¬ 
length of maximum energy, but the energy would increase in¬ 
definitely as the wave-length decreased. Thus the total spectral 
energy at any finite temperature would be infinite, all the energy 
running into the waves of shortest wave-length. It is therefore 
clear that the motion of electrons is not governed by the classical 
laws of mechanics. 

In 1901 Planck, starting from a system of laws which differed 
entirely from the classical laws, and in particular involved the idea 
of discontinuous motion, arrived at a spectral formula which has 
since been found to agree extremely well, probably perfectly, with 
the observed spectrum of a solid. Although Planck’s spectral 
formula, regarded as an expression of a fact of nature, has since 
gained universal acceptance, his method of deducing it has been 
widely objected to, mainly on account of his assumption of dis¬ 
continuous motion. In 1910 I was able to show that Planck's 
formula could not possibly be arrived at except from a system of 
laws which involved discontinuities of some kind, and, further, I 
found that the nature of these discontinuities must necessarily be 
substantially of the type already assumed by Planck. Almost 
identical conclusions were enunciated by Poincare about a year 
later, together with important additions, ; ; 

Thus from a study of the continuous spectrum of a solid we- con¬ 
clude that the'motion of the radiation-emitting electrons must he of 
a discontinuous nature. It' is, unfortunately, not possible to specif f 
the nature of these discontinuities completely, but a good deal is 
known. When the electron is executing isochronous vibrations, th| 
total energy of the vibration (potential plus kinetic) must fail 
into “quanta.” Tbe energy may : be equal to one quantum, two 
quanta, etc., but cannot involve fractions of the quantum. Thus 
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when the energy changes, there must he an instantaneous absorp¬ 
tion or emission of a whole quantum of energy. In general, how-: 
ever, when the energy of a vibration changes, the frequency also 
changes. Now the “ quantum ” of energy is not the same for all 
vibrations; it depends on the frequency of the vibration. If v is 
the frequency, the quantum is hv, where h is a universal constant 
of nature—Planck’s Wirkungsquantinn.” Thus if an electron 
jumps from a vibration in which it has n x quanta, its frequency 
being v 3 , to a vibration in which it has n 2 quanta, its frequency 
being ry, it must instantaneously emit an amount of energy 
h(n 1 v 1 — re 2 v»). 

Evidence as to what happens to the energy thus suddenly emitted 
is provided by the photoelectric phenomenon. To ionise an atom 
of any substance requires an amount of energy, Q, which depends 
on the nature of the atom. Now the atoms of any substance can 
be ionised by light, but only by light the frequency of which is 
above a critical value r> 0 , which again depends on the nature of 
the atom. This frequency v 0 is related to the energy Q required 
for ionisation by the relation Q = hv 0 (approximately at least). 
Thus it looks as though light of frequency v travelled through the 
ether tied up in some way in bundles of amount hv —in fact, in 
quanta. This is Einstein’s hypothesis of light-quanta; no doubt it 
does not express the whole truth, but it must be somewhere near 
to the truth. . 

Accepting this hypothesis provisionally, the amount of energy, 
/diqvi — •??.>■*’ 2 )> which we imagined to be set free from one atom 
will wander through space as a single quantum ; in order that it 
may satisfy the quantum relation (energy ~hv) } its frequency must 
be. n l v 1 —n. 2 v. 1 . 

On these foundations,. Bohr has, with extraordinary skill and 
acumen, developed his theory of line-spectra. The frequency v 3 of 
the original vibration having' % quanta must depend on « 3 , and 
similarly v 2 must depend on n 2 . Thus the frequency of the 
emitted vibration will be expressible mathematically in a formula 
of the type 

' ] s)> 

and on giving' all possible values to % and %, we ought to obtain 
the whole line-spectrum of the element. 

I The case of the hydrogen atom is particularly simple. To a first 
| approximation we may consider the massive positive charge as 
being at rest, and the formula is found to be 
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This gives exactly the hydrogen spectrum (Balmer’s series being 
given by Lyman's series by n- 1 = 1, etc.) provided N is equal 

to Rydberg’s constant. Now the theoretical value of N depends 
only on universal constants of nature. The value of each of these 
is known to about 1 part in 200, and on inserting these values, the 
theoretical value of N is found to be equal to Rydberg’s constant 
to about 1 part in 200. There is thus the most brilliant agreement, 
both quantitatively and qualitatively, between the observed 
spectrum of hydrogen and the theoretical spectrum predicted by 
Bolir’s theory. 

The assumption that the massive positive nucleus stands at rest 
is only approximately true; actually it will oscillate round the 
centre of gravity of itself and the negative electron, and this will . 
introduce a correction of the order of Mjm, the ratio of the mass 
of the nucleus to that of the electron. By comparing the 
theoretical correction with spectroscopic observations, Fowler has 
deduced for Mjm the value 1835, a value which agrees exceed¬ 
ingly well with other determinations of M and m. 

Still one other correction of a most fascinating kind must be 
mentioned, Bohr’s theory takes its simplest form when the 
electron orbits are assumed to be circular; the simple spectral laws 
are - exact for circular orbits. Consistently with the quantum 
dynamics, however, the electron can also describe a series of 
elliptic orbits. This possibility gives rise to a new series of fre¬ 
quencies which differ only from those of circular orbits by quanti¬ 
ties of the order of (u/F) 2 , where V is the velocity of light and v 
that, of the electron in its orbit. The theory of relativity makes 
it possible to calculate the corrections to the frequencies introduced 
by the ellipticities of the orbits. Sommerfeld has carried the ; 
calculation through, and believes that the whole series of frequencies i 
exactly account for the fine structure of the spectral lines. The 
agreement, so far, is limited to the single line H a ; for this, it is/' 
perfect both qualitatively and quantitatively, and I venture to 
predict that a similar explanation will soon be found of the finfe 
structure of other lines.. I 

This is as far as we can go with any confidence. It seems t|) 
me that experimental evidence and abstract reasoning combined! 
practically limit us to one view of the structure and mechanisnl 
of the simpler atoms, and this view is confirmed by a large amount! 
•of exact spectroscopic evidence. The structure is that of the so-■ 
called Rutherford atom; the simpler atoms (hydrogen and helium 1 
at least) consist of an extremely minute central nucleus with one \ 
or more negative electrons revolving round. The mechanism is ‘' 
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that of Bohr's theory, and is based upon, and governed by, the 
quantum dynamics. 

We cannot, I think, claim to know anything with certainty as 
to' the ultimate structure of the more complex atoms, especially 
those of radioactive substances, and our definite knowledge of 
atomic mechanism is practically limited to the few cases in which 
the atom contains only two constituents—-the hydrogen atom, the 
positively charged helium atom, and possibly also the doubly- 
charged lithium atom.' The “problem of three bodies’’ has not 
yet been solved in quantum dynamics any more than in gravita¬ 
tional theory. This is scarcely surprising in view of the fact that 
the whole quantum theory is wholly a creation of the present 
century. 

"We cannot speak with any confidence as to the mechanism ox 
complete molecules other than the monatomic helium molecule; 
for even the simplest complete molecule, the hydrogen molecule, 
consists of four constituent parts. If progress continues at its 
present rate, however, there is every reason for hoping that within 
a few years the whole scheme of quantum-mechanics will have been 
unravelled. The problems of valency, stereochemistry, the periodic 
law, the stability of chemical compounds, their optical and colour 
properties, and a host of other chemical problems, will then become 
the province of the mathematician. In spite of the rapidly pro¬ 
gressing fusion of all branches of science, the chemist and the 
mathematician have up to the present remained almost inde¬ 
pendent. It seems possible that in the near future the chemist will 
scarcely think of making progress except with the help of the 
mathematician.. In spite of its history of- extraordinary triumphs, 
chemistry is to-day as much an empirical science as electricity was 
before the time of Maxwell. If once chemistry becomes a mathe¬ 
matical science, it may progress at a rate at present undreamed of. 


LXXII .—Interaction of Mercuric and Cupric Chlorides 
Respectively and the Mercaptans and Potential 
Mercaptans, 

. By Prafulla Chandra Ray. ’ 

Some four years ago, the author' ventured to put forth the view 
■that the compounds which mercuric, platinic, and cupric chlorides, 
respectively, yield with thiocarbamide and", thioacetamide, etc., are 
of the. same nature as those obtained by the interaction of these. 
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haloids and real mercaptans, that is, they are chloromercaptides 
(P., 1914, SO. 304), and it- seemed desirable to undertake a 
systematic study of the behaviour of mercuric, cupric, and platinic 
chlorides towards some of the typical mono- and di-mercaptans, 
namely, ethyl and ethylene mercaptans (dithioetkylene glycol) and 
2-thiol-5-thio-4-phenyl-4:5-dihydro-l: 3 :4-thiodiazole. 

Ethyl mercaptan yields under normal conditions chloroplatinimi 
mercaptide, (EtS) 2 PtCl, and under exceptional conditions platinous 
mercaptide, (EtS)oPt-. Dithioethylene glycol also yields a chlo-ro- 

mercaptide of the formula C 2 H 4 <Cg]]>PfcCl*S , O il H 4 ''SH. In the 

formation of this remarkable compound, two molecules of dithio- 
.ethylene glycol simultaneously take part in the reaction.; one atom 
of chlorine of the platinic chloride remains, however, intact. 

The- potassium salt of 2-thiol-5-thio4-phenyl-4 :5-dihydro-l: 3 :4- 
thiodiazole has been found to be equally reactive towards platinic 
chloride, and it readily yields mercaptides in which platinum func¬ 
tions both as a triad and a dyad element, as in the case- of the 
.simple ethyl mercaptan. . 

■ The valency of platinum calls for a few remarks. The salts of 
the- type MX 3 are .scarcely represented among the platinum com¬ 
pounds, In the- formula (EfcS) 2 PtCl, no doubt platinum may be 
made- to appear as quadrivalent by. doubling it. Platinum lias its 
proper place in the eighth or transitional group in the periodic 
system, which also includes iron and iridium. How, the chlorides 
of these metals are represented by the simple formula MC1 3 , and 
.not by Moreover, platinum, with the high atomic weight 

of 194, will scarcely permit of the coalescence of two atoms into 
the complex :Pt*Pfc:. Salts containing two atoms of platinum, in 
the molecule have no doubt been described, but they are of a very 
complex character (Cossa/ Ber., 1890, 23, 2503; Cleve, Bull. Soc. 
chim», 1872, 17,289). 

The product of the reaction of mercuric chloride with tHiocarb****# 
amide has been assigned the formula HgCl 2 ,CSN 2 H 4 (Rosenlieir 
and Meyer, ZeitscJi. anorg. Chem., 1903, 84, 62; 1906, 49, 13 
In other words, it.has been regarded as. a mere, additive or mol^ 
cular compound. From considerations based on analogy, tfy 
author suggested that it should be formulated as ' 

[NH 2 *C(:NH)*S*Hgd]HCl, l 

that is, that it is the product of the.'reaction of mercuric chloride ' 
on 4/-thiocarbamide. The hydrogen chloride which is formed il 
not liberated in the free state, but is simply fixed by the basic! 
complex. It is well known that formamidine disulphide exists as! 
a salt of a diacidic base, because of the presence of two amino- and! 
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iniino-groups. Convincing proof lias recently been obtained, in 
support of tlie above formula. The compound in question has 
been found to be sufficiently soluble in water to admit of con¬ 
ductivity measurements. If it were an additive one, it would dis¬ 
sociate into its components on dissolution. Now, thiocarbamide is 
practically a non-electrolyte', and mercuric chloride is very feebly 
ionised in solution (compare Ray and Dhar, T., 1913, 108, 8). 

The aqueous solution, however, shows an enormous increase in 
the dissociation, which is of the same order as that of ammonium 
chloride, proving that the salt is the hydrochloride of a base. 

Thiocarb amide may be expected to behave in like manner 
towards platinic chloride and yield a compound of the same 
ptci 4 

type, thus: 2CS(NH 8 ) 2 —> [(NH a -C(:NE)*S) 2 PtCl a ]HCl. Both 
Reynolds and Pratorious-Seidler (compare Rathke, Be?\, 1884, 17, 
307), however, regard the compound as an additive one of thio¬ 
carb amide with platinous chloride, and assign to it the formula 
(CSN 2 H 4 ) 2 PtCl 3 ,HCl or (CSN 2 H 4 ),PtHCl s . That this view is 
erroneous is evident from another consideration. The platinic 
chloride on being reduced to the platinous state would set free 
chlorine, which would in turn act on a portion of the thiocarb- 
amide, and formamidine disulphide hydrochloride would be 
simultaneously formed;* the derivative in question is, however, 
free from it. 

Cupric chloride is analogous in its behaviour towards thiocarb-' 
CuCla 

amide, CS(NH 2 ) 2 —> NH a -C(:NH)-S'CuCL In this case, how- 
. ever, the hydrogen chloride is liberated in the free state and can 
be detected in the filtrate. This is what might have been expected. 
The chlorides of mercury, platinum, and cobalt are capable of 
forming complex compounds with ammonia, amines, and amino- 
groups, which, on account of their basic character, can fix a mole¬ 
cule of hydrogen chloride, whilst copper, being a more positive 
metal, does not possess this property. 

The view taken above offers also a ready interpretation of the 
reaction between platinic chloride and thioacetaxnide, first studied 
by Kurnakov (J. Buss. Phys. Chem . Soa,, 1893, 25, 613), who 
formulates the compound as PtC^-C^H^NSjPtOl^, that is, as an 
additive one o-f four molecules of thioacefcamide with one of 
platinous chloride and another of platinic chloride. This formula, 
when halved, stands as PtCl 3 ,2C 2 H 5 NS,HCl, and is in reality 
[(OH s * C( H ) * S) 2 PtCl 2 ]HCl, the platinic chloride functioning* 

: * It has been actually found that sulphury! dlehloride, which acts as 
a mild chlorinating Agents, behaves exactly ' like Iodine towards thioearbamid© 
and yields the hydrochloride of the base. 

VOL. CXV. * 
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exactly like mercuric chloride. Thioacetamide here also simply 
undergoes tautomeric change. One strong argument in favour of 
the suggested constitution is afforded by the fact that if plafcinic 
chloride were actually to b© reduced to the platinous form, the 
available atoms of chlorine would act on two other molecules of 
thioacetamide. It has already been shown that iodine completely 
decomposes thioacetamide, the whole of the sulphur being pre¬ 
cipitated (T,, 1916, 109, 698). The product in question when 
treated with carbon disulphide, however, did not yield any sulphur. 
The corresponding cupric chloride derivative has been found to 
conform to the formula CH g *C(HSTH)*S'CuCl; it is, in fact, a 
chloromercaptide. 

The reaction between platinic chloride and thiosemicarbaside is 
of special interest. The compound obtained has the formula 
O g H 4 l\ 5 Cl 2 8 3 Pt. Here also a tautomeric change of the thio-com- 
pound evidently takes place under the influence of the haloid, 
resulting in the* formation of a cyclic compound with the elimina¬ 
tion of a molecule* of ammonia, thus: 

NH a ’CS«3s T H*Nffo —> HH:C(SH)-NH-HH 2 

XH-OSH r/NH-0‘S\ 

\S pt Sf ( 1 Ptd HOI. 

N + L\ H /. J 

The mercaptan now acts on platinic chloride in the usual manner, 
the product being a chloromercaptide. Of the three molecules of 
hydrogen chloride generated, one is fixed by the* complex sub¬ 
stance because of its basic character, due to the presence of several 
imino-residues. 


Expeei mental. 

Mercaptans and Metallic Haloids. 

Ethyl Mercaptan and Platinic Chloride. —Hofmann and Habe 
; (Zeitsck . anorg. Chem., 1897, 14, 294) : state that if to chloro- ^ 
platinic acid is added ethyl mercaptan in alcoholic solution, at 
first an orange-yellow platinic mercaptide, (EtS) 4 Pt, is formed 
which, when heated to 100° in a vacuum, readily yields platinous 
mercaptide. It has been found, ’however, that by the interaction : 
of platinic chloride and. ethyl mercaptan, chloroplatinum ; 
mercaptide, (EtS) 2 Pt-Cl, is almost invariably formed, and that it 
is only under exceptional conditions that platinous mercaptide, 
.(EtSJjPfc, can be obtained. The method. is therefore given here 
somewhat hi detail. To a concentrated alcoholic solution of chloro- 
platinic add is added a very dilute alcoholic solution of ethyl 
mercaptan from time to time with vigorous shaking; for the first 
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few moments, only a deep orange coloration is noticed, but shortly 
after an orange-yellow precipitate begins to appear. Care should 
be taken that the platinic chloride is always in sufilcient excess. 
If the conditions of reaction’ are reversed, that is, if a dilute solu¬ 
tion of platinic chloride is added in small quantities at a time to 
an excess of a concentrated alcoholic solution of ethyl mercaptan 
with vigorous shaking, for a few minutes the solution remains clear, 
after which a yellow salt begins to separate, which is very nearly 
pure platinous mereaptide. 

Chloroplatimim mereaptide: 

I. 0-050 gave 0-0276 Pt, 0*022 AgCl, and 0-065 BaSO** 

Pt=55*2; €1 = 11*33; 8 = 17*85. 

II. 0*0502 gave 0*0283 Pt and 0*0675 BaS0 4 . Pt=56-37; 

8 = 18-47. 

III. 0*0226 gave 0*0126 Pt. Pt=55*75. 

IV. 0*0191 gave .0*0081 AgCl and 0*0242 BaS0 4 . €1 = 10-51; 

8=17-44. 

C|H 10 ClSoPt requires Pt = 55*02; €1 = 10-09; 8 = 18-19 per cent. 


Platinous mereaptide: 

0*1317 gave 0-0814 Pt, 0*012 AgCl, and 0-19S5 BaS0 4 . 
Pfc = 61*81; €1=2*25; 8=20*71. 

C 4 H 10 SoPt requires Pt=61*43; S=20-24 per cent. 
Contamination with distinct traces of the previous compound, 
which is invariably formed, accounts for the presence of chlorine. 
2-Thiol-5-tMo-4-phenpl-4: :h-dihydro-l : 3:4 -thiodiasole, 


NPh*N 5 

os—s¬ 


>C-SH. 


and Platinic Chloride .—To a concentrated aqueous solution of the 
potassium salt was added, with stirring, a dilute solution of ehloro- 
platinic acid in a thin stream. A yellow precipitate was obtained 
which, on drying, became orange. Here also, as in the case of 
ethyl mercaptan, the platinum atom functions as tervalent and 
bivalent: 

“ 0*080 gave 0*0213 Pt and 0*1805 BaS0 4 . Pt=26*63; S=31*0G. 

A second preparation gave Pt=25*32. 

(C 8 H 5 N 2 S 3 ) 3 Pt requires Pt=22*33; S=33*14. 

(C 8 H 5 N 2 S 3 ) 2 Pt requires Pt=30*12; S=29*18. 

Mean: Pt=26'23; 8=31*16 per cent. 

It will thus be seen that here also a compound containing quadri- 

■■■* The estimation throughout was effected by fusion with sodium nitrate 
and. sodium, carbonate. ■ 


K K 2 



87f> KAY: INTERACTION OP MERCURIC AND 

valent platinum is never formed, but a mixture of almost equal 
proportions of the compounds containing ter valent and bivalent 
platinum. 

In the above reactions, the free hydrogen chloride of chloro- 
platinic acid, acting on a portion of the potassium mercaptide, 
liberates the corresponding mercaptan, which is insoluble in water, 
and the available chlorine atoms of the quadrivalent platinum 
chloride also acting on the potassium mercaptide give rise to the 
disulphide, which is equally insoluble. The dried precipitate was 
therefore exhausted first with alcohol and afterwards with benzene 
in order to extract impurities. The colour of the compound 
changed from yellow to orange under this treatment. 


Dimercaptans add Metallic Haloids. 

Dithioethylene Glycol and Platinic Chloride.—A dilute alcoholic 
solution of platinic chloride was gradually added, with vigorous 
stirring, to a concentrated alcoholic solution of dithioethylene 
glycol. A yellowish-brown precipitate was obtained, which was 
washed with alcohol and dried in a vacuum. It conforms to the 

formula C 2 H 4 <|>PtCl-S‘C 2 H 4 -SH: 

0*0788 gave 0-0373 Pt, 0*032 AgCl, and 0*1608 BaS0 4 . 

Pt=47*34; Cl = 10*05; S=28*03. 

C 4 H B ClS 4 Pt requires Pt=46*96; Cl = 8*58; 8 = 30*93 per cent. 
There is reason to conclude that a simpler mercaptide of the 
formula C 2 H 4 <|>PtCl 2 (Pt=54*39; 01=19*88; 8=17*91) is 

simultaneously formed in small quantities; the higher results for 
platinum and chlorine and the lower result for sulphur are thus 
accounted for. Attempts to obtain the ehloromereaptide in a 
purer form proved unsuccessful. 

Potential Mercaptans and Metallic Haloids . 

Thiocarb amide and Mercuric Chloride.- —The components inter¬ 
acted both in alcoholic and in aqueous, solution; a copious, white 
precipitate .was obtained, which was washed, with alcohol and dried 
in a vacuum. The filtrate was neutral, (Found: 0=3*82; 
H = 1*63; 1ST = 8*14; Cl = 20*45; S = 10*03; Hg = 56*62. 
CH 4 N 2 CL>SHg requires 0=3*46; H = l*18; N\=8*07; 01=20*46; 
,8=9*22; Hg = 57*64 per cent.) 1 
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Con du ctivity Measurement. 

F. T. ft. 

256 21-5 98-96 

There were evidently two ions in solution, and the dissociation 
is of the order of that of ammonium chloride. 

Thiocarbamide and Platinic Chloride. —An acetone solution of 
thiocarbamide was cautiously added, with constant stirring, to 
platinic chloride solution. An orange-yellow precipitate was 
obtained, which, was washed with alcohol and dried in a vacuum: 

I. 0-0838 gave 0*0365 Pt, 0*0910 BaS0 4 , and 0-0804 AgCl. 

Pt = 43*56; 8=14*91; Cl = 23*74. 

0-0582 gave 6*6 c.c. at 33° and 760 mm. N = 12-39. 

‘ II. 0-0496 gave 0*0540 BaS0 4 and 0*0482 AgCl. 8 = 14-95; 

Cl = 24*03. 

CyE 7 N 4 ClsS 2 Pt requires Pt = 43*01; S = 14*17; 01 = 23*57; 

N = 12*40 per cent. 

Thiocarb amide and Cupric Chloride. —To an alcoholic solution 
of cupric chloride was added, with constant stirring, an alcoholic 
solution of the carbamide. The granular precipitate when dried 
in a vacuum was white with a faintly blue tint: 

0*0608 gave 0*0275 CuO. Cu=36*09. 

0*0443 „ 6*2 c.c. N» at- 31° and 760 mm. N* 15*41. 

0*0588 „ 0*0483 AgCl and 0*0780 BaS0 4 . 01 = 20*31; 

8=18*22. 

CH 3 N 2 C1SCu requires Cu = 36*38; N = 16*12; 01=20-44; S = 18*43 
per cent. 

Thioacetamide and Platinic C hlo-rkle .—Thioacetamide in 
alcoholic solution was added, with stirring, to platinic chloride 
solution, and the brownish-yellow precipitate was treated as before: 

I. 0*0852 „ gave 0*0360 Pt; 0*0782 AgCl. Ft= 42*26; 

Cl = 22*79. 

II. 0*0334 gave 0*0144 Pt. Pt=43*11. 

0*0813 ' „ 5*2 c.c. N 2 at 32° and 760 mm. N = 7*01. 

III. 0*1457 gave 0*0630 Pt, 0*1697 BaS0 4 , and 0*1313 AgCl. 

Pt=43*83; S = 15*99; Cl = 22*29. 

C 4 H 9 N 2 d 3 S 2 Pt requires Ft=43*20; 8 = 14*23; 01 = 23*68; 

■ 3sT = 6*23 per cent. . 

Thioacetamide ami Cupric Chloride.— The method of preparation 
was,exactly the same as in the preceding case, the salt being almost 
white. ; Th©' alcoholic filtrate, when distilled off, was found to 
contain free hydrogen chloride: 
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I. 0-0555 gave 0*0250 CuG. Cu = 35*95. 

0*0595 „ 4*6 c.c. N 2 at 29-5° and 760 mm. N = 8*57. 

II. 0-2818 „ 0-1261 CuO, 0*42 BaS0 4 , and 0-2250 AgCl. 

Ou = 35*78; S = 20*44; 01 = 19-75. 

C,H 4 NCiSCu requires Cu = 36*59; S = 18*53; 01 = 20*55; N = 8*ll 
per eent. 

Thiosemi curb azide and Platinic Chloride. —A dilute solution of 
platinic chloride was added to a concentrated aqueous solution * 
of thiosemicarbazide. In the course of half an hour, a granular 
precipitate began to be deposited, and the solution was allowed to 
remain overnight. The granules, when collected and dried, were 
yell o wish-white: 

0*2864 gave 0*1171 Pt, 0*1719 AgCl, and 0*387 BaS0 4 . 

Pt = 40-89; 01 = 14*85; 8 = 18*56. 

0*0381 gave 6*2 c.c. N 3 at 30° and 760 mm. N = 17*97. 

C 3 H 4 N 6 Cl 2 S 3 Pt requires Pt=40*04; 01 = 14-63; 8=19*78; 

N = 17*31 per cent. 

Summary and Conclusion . 

(1) Whilst mercuric chloride reacts with a mercaptan to yield 
a chloromercaptide, thus, U*SH 4- Hgd. 2 =R*S*HgCl 4- HOI, cupric 
and platinic chlorides generally give mercaptides or mercaptides 
with only a slight admixture of chloromereap tides. 

(2) Platinum in relation to monomercaptanic radicles functions 
either as tervalent or bivalent. 

(3) The above chlorides bring about tautomeric changes in thio- 
carbarnide and thioacetamide. Thiosemicarbazide with platinic 
chloride also undergoes similar transformation and yields a cyclic 

l\ T H*OSH 

degradation product, 

N ... 

(4) The chi or omereaptides of the potential mercaptans, inasmuch 
as they contain one or more iminos-groups, are .capable of fixing a 
molecule of hydrogen chloride, and in fact are hydrochlorides of 
complex'bases. ...■■■ 

Chemical Laboratory, 

College or Science, ■, 

University of Calcutta. [Received, June 21st, 1918.] 

* Thiosemicarbazide is almost insoluble in cold alcohol, ether, or acetone. 
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The Council lias ordered the following letter and report to he 
printed in the Journal of the Society: 

Whinfield, 

Sal combe, 

S. Devon. 

June 23 rd, 1919. 


Gentlemen, 


I have the honour to submit a Report from the International 
Committee on Atomic Weights relative to such accounts of experi¬ 
mental work on atomic weights as have been published since their 
last regular Report of 1916, together with a table which it is sug¬ 
gested should be adopted in place of that now in use. 

It will he seen, that the Report deals with the atomic weights of 
hydrogen, carbon, bromine, boron, fluorine, lead, gallium, 
zirconium, tin, tellurium, yttrium, samarium, dysprosium, erbium, 
thorium, uranium, helium, and argon. 

In the accompanying table for 1920, changes from the values 
hitherto adopted are recommended for argon, boron, gallium, 
thorium, and yttrium, and the atomic weight of nitrogen should 
be changed from 14-01 to the more precise value 14-008, which is 
probably accurate to within 1 in the third decimal place. 


The Hon. Secretaries , 

The GJiemical Society, 
London. 


I am, Gentlemen, 

Your obedient Servant, 

T. E. ‘Thorpe. 


Report of the International Committee on Atomic Weights for 
1919-1920. 

The last regular report of this committee, apart from an annual 
recommendation to continue the use of the table of atomic 
weights then presented, was published in 1916. The interruption 
in the series of reports was, of course, due to the world war, which 
created difficulties of a serious kind among all international organ¬ 
isations. Co-operation with Germany became impossible, partly 
because of the difficulties of correspondence and partly because of 
the personal hostilities created by the conduct of the war. There 
was. also an inevitable slackening, of ' scientific 1 activities^ and ' this, 
was well'shown by the unusually small number of new researches 
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in the field of atomic weights. Now that peace is in sight, it seems 
wise- to resume the preparation of these reports, even though they 
may not be for some time yet quite so truly international as hereto¬ 
fore. The determinations published since the preparation of our 
last report may now be summarised, as follows: 

Hydrogen .—A very thorough investigation by Burt and Edgar* 
(Phil. Trans., 1916, [A], 216, 393) on the volumetric composition 
of water has given the volume ratios of H to O as 2*00288:1. From 
this value-, taking the normal litre weights of oxygen and hydrogen 
as 1*42900 and 0*089873 gram respectively, the atomic weight of 
hydrogen becomes 1*00772, or, rounded off, 1*0077. Gruye (J. 
Chim, Phys ., 1917, 15. 208), from a discussion of Burt and Edgar’s 
data, accepts this value, as lying between the two extremes of 
1*00787 and 1*00773. If, however, instead of trusting to the densi¬ 
ties of the gases and their physical constants exclusively we take 
into account the admirable researches of Morley, Noyes, and others 
upon the synthesis and analysis of water,f the most probable 
general mean for the atomic weight of hydrogen becomes 1*0078, 
"which differs from the volumetric value by only 1/10,000. That 
is, the two distinct lines of attack upon the problem agree within 
the limits of actual uncertainty. For ordinary purposes, the 
approximate value 1*008 is close enough. It must he remembered 
that the tables prepared by this committee are for the use, not so 
much of specialists, as of working chemists in general, and too 
much refinement will only lead to confusion. No determinations 
of these or any other constants can be absolute and final. All are 
subject to errors which may be reduced nearly, but- not quite, to 
insignificance, but never eliminated entirely. For example, in the 
determination' of atomic weights from- gaseous densities, it is not 
'''.possible to, guarantee the ah solute purity of the gases or to avoid 
errors in weighing, in reductions to a vacuum, or in the values 
given to the physical constant® that are used in the final computa¬ 
tions. .Some of these errors may be so small as to be negligible, 
and in the aggregate they may tend either to reinforce or to com¬ 
pensate one another, but their extreme magnitude can be estimated 
with some approach to accuracy and expressed by means of the 
usual ± sign. At present, an accuracy to within 1/10,000 is the 
best we can expect to obtain4 

TMs research was noted in the previous report for 1917.' Its review by 
Guy® renders; its repetition- desirable here. 

t Computation by F. W. C. 

t For an elaborate discussion of sources of error in atomic weight deter- 
minations, see Gave and Ms colleagues (MM. Germann, Moles, and Renard) 
in J. Chim. Phy*., 1918. 14 25, 195/ 204; 1917, 15. 00, 360, 405; 1918,16, 
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Carbon - —Two- investigations on the atomic weight of carbon 
were reported from the Geneva laboratory in 1918. First, St-ahr- 
foss (J. Chim. Phys., 1918, 18, 175) determined the density of 
acetylene-, ethane, and ethylene. Acetylene proved to- be unsatis¬ 
factory, because of its tendency to polymerise. From ethane he 
obtained the value C = 12*008, and from ethylene C = 12*004. On 
account of some uncertainties in the reductions, he prefers, pro¬ 
visionally, the value C = 12*00. 

Secondly, Batuecas {J. Chim. Phys., 1918, 1©, 322) determined 
the density of ethane, and reduced his observations by three 
methods, giving C = 12*00o, 11-999, and 11*996. The last two, 
being concordant, he regards as preferable, and their mean, 
0 = 11*998, he adopts. It will be remembered that Richards and 
Hoover, by purely chemical methods, found C = 12‘005, and a later 
combination of all determinations published before 1918 gave the 
chairman of the co mm ittee the mean value 0=12*0025. For 
-ordinary purposes, the rounded-off value 0 = 12*00 may be used, 
and is so given in the table. 

Bromine. —Three sets of determinations of the molecular weight 
of hydrobromic acid have been made in G-uye’s laboratory at Geneva 
by Moles (J. Chim. Phys., 1916, 14, 389. See review by Guye in 
the same number, p. 361), Reiman (/. Chim. Phys., 1917, 15, 293), 
and Murray (J. Chim. Phys., 1917, 15, 334. Reiman and Murray 
assume H = 1*008; Moles prefers 1*0076). The acid used was pre¬ 
pared by several distinct methods, and all gave concordant results, 
which'may be summarised as follows, when H,= 1*0078: 

Mol. wfe. HBr. At. wt. Br. 


Moles. 80-9332 79-9254 

Reiman. 80-932 79-9242 

Murray... 80*930 79-9222 


These values are wonderfully concordant, and the variations are 
far within the allowable limits of experimental error. In a recent 
combination, by the chairman of this committee, of all the avail¬ 
able -data relative, to the atomic weight of bromine, the value found 
was Br = 79*9228, in complete harmony with the Geneva deter¬ 
minations. For ordinary purposes, the rounded-off figure 79*92 is 
enough. 

Boron and Flu orin e .—In a very original investigation, Smith and 
Van Haagen {Carnegie Inst. Washington, -PubL' No ; 267, T9I8) hav„e 
simultaneously redetermined the atomic weights of boron and 
fluorine. Their starting point was anhydrous borax, Na 2 B 4 0 7 , and 
their chief difficulty was in insuring the complete dehydration of 
that compound. The salt was then converted, in a series of 

K K* 
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successive experiments, into sodium sulphate, carbonate, nitrate, 
chloride, and fluoride, which gave eight independent values for 
boron ranging from B = 10-896 to 10-905; in mean, 10-900. This 
value was computed with Na = 22*997, Cl = 35*457, S = 32*064, 
N = 14*010, and C = 12*005. The authors finally discuss all previous 
determinations, and show wherein they were affected by errors. 
The new value, 10*900, should be adopted as the most probable. 

In this research, sodium fluoride was compared, not only with 
borax, but also with the sulphate, and the eight values found 
ranged from P = 19*002 to 19*008; in mean, 19*005. The rounded- 
off value, P=19, may be retained for all practical purposes. 

Lead .— (Echsner de Coninck and Gerard (Compt. rend., 1916, 
103, 514) have attempted to determine the atomic weight of lead 
by calcination of the nitrate, and find Pb=206*98, when N 2 O 5 =108. 
This determination is evidently of no present value. With this 
exception, the other recent researches relative to this constant have 
referred to isotopic lead, and the normal element is considered only 
in comparison with it. Richards and Wadsworth (J. Amer. Chem. 
Soc., 1916, 3.8, 2613), for instance, find for normal lead 
Fb —207*183, and Richards and Hall ( J. Amer. Chem. Soc., 1917, 
39, 537) give Pb = 207*187, values slightly lower than the accepted 
207*20 as determined by Baxter and Grover. Similar determina¬ 
tions by A. L. Davis ( J . Physical Chem., 1918, 22, 631) gave dis¬ 
cordant results., As for isotopic lead, its atomic weight*, is so 
variable as to show that it is nearly, if not always, a mixture of 
isotopes, and not a constant which can as yet be placed in the 
table. The values found have very great significance, but they 
bare far. from final.* 

Gallium. —By the analysis of carefully purified gallium chloride, 
Richards, Craig, and Sameshima (Proc. Nat. Acad. Sci., 1918, 4, 
387) find Ga = 70*09 and 70*11. These determinations, however, 
are only preliminary, hut they justify the provisional adoption of 
the value 70*10. The original values given by the determinations 
b.hfbLecpq de Boisbaudran vary from 69*70 to 70*12, the last one 
being very near the new value. 

Zirconium. —From the ratios between zirconium chloride and' 
silver, .Tenable and Bell (J. Amer. Chem. Soc., 19.3,7,' 39, 1598) find 
,Zr=91*76. Although. this : determination is regarded. as pre¬ 
liminary, the authors, by pointing out sources of error, in all 
previous values, believe the new on© to be the most probable. It 

* For discussions regarding the atomic weight of isotopic lead, see the 
Presidential address of Richards before the American Association for the 
Advancement of Science in December, 1918. Also F. W. Clarke, Proc. Nat. 
Acad. Sci., 1918,4 181. 
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seems best, however, to await the complete investigation before 
changing the value heretofore accepted. 

Tin. — Baxter and Starkweather ( Proc. Nat. Acad. Sci 1916, 2, 
718), by electrolyses of stannic chloride, find Sn = 118*703 when 
01 = 35*457. This is in complete agreement with Briscoe’s deter¬ 
mination, Sn = 118-698. The value 118*70 has- already been adopted 
by the committee. 

Tellurium. —Staehler and Teseh ( Zeitsch. anorg. Ghem ., 1916, 
98, 1), from careful syntheses of tellurium dioxide, find Te = 127*51, 
which is confirmatory of the accepted value, 127*5. 

Yttrium. —Hopkins and Balke (J. Amer. Ghem. Soc., 1916, 38. 
2332), by conversion of Yt 2 0 3 into Yt 2 Cl 3 , find Yt=88'9. The 
ordinary sulphate method is shown to be inaccurate. In a later 
investigation, Kremers and Hopkins (J. Amer. Ghem. Sac., 1919, 
41, 71S) determined the ratio between yttrium chloride and silver, 
and found Yt=89*33. Since this method is the most trustworthy, 
the value given by it should be adopted. The other sulphate 
determinations are questionable. 

Samarium. —-The atomic weight of samarium has been deter¬ 
mined by Stewart and James ( J . Amer. Ghem. Soc., 1917, 39, 
2605) from the ratio between the chloride and silver. The value 
found is 150*44, which is essentially that given in the table. No 
change is needed. 

Dysprosium. —Engle and Balke {J. Amer. Ghent. Soc*, 1917, 39, 
67), by conversion of the oxide into the chloride, found 
By = 164*228. Later, by the same method, Kremers, Hopkins, and 
Engle (J. Amer. Ghem. Soc., 1918, 40, 598) found Dy = 163*83. 
This discordance, like that already shown for yttrium, led the last- 
named chemists to determine the ratio between dysprosium chloride 
and silver, which gave 162*52. The earlier method is discredited, 
and the last value, rounded to 162*5, seems to be the on© best 
entitled to acceptance. 

Erbium .—For this element, by the oxide-chloride method, 
Wickers, Hopkins, and Balke (J. Amer. Ghem. Soc., 1918, 40, 
1615) obtained values ranging from Er=168*0Q to 168*84. The 
method of determination is thus again shown to he untrustworthy. 

Thorium .—In a long series of concordant analyses of thorium 
bromide, Honigschmid (Zeitsch. Elehtrqchem., 1916, 22, 18) finds 
Th = 232*152 from the silver ratio and 232*150 from the silver 
chloride ratio when Br=79*916. The value Th=232*15 should be 
adopted for general use. He also studied thoria from uranium 
ores which contained ionium. For this mixture, he obtained an 
atomic weight slightly in excess of 231*50. " .This may be 
approximate to the unknown atomic weight of ionium. 

K ft* 2 
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Uranium .—The latest series of determinations of the atomic 
weight of uranium by Honigschmid and Horovitz {MonaUh., 1916, 
37, 185) was based, like their earlier series, upon analyses of the 
teirabromide. Two sets of analyses were made, one upon a bromide 
which had been fused in bromine vapour, the other in nitrogen. 
The value obtained ranged from U = 238*04 to 238*16, the latter 
being in harmony with their former determinations. The rounded 
figure, 238*2, is given in the table. 

Helium .—Taylor {Physical Rev., 1917, 10, 653), using the micro- 
balance in determining' the density of helium, finds He=4-0008. 
Guye (/. Chim. Phys ., 1918, 16, 46), in a recalculation of the data, 
finds He = 3*998. The value 4 should be retained. 

Aryan. —From the density and compressibility of argon, Ledue 
(Gompt. rend., 1918, 167, 70) finds A —39*91. lie regards the 
second decimal as uncertain, and advises the adoption of the 
rounded value 39*9. 

In the following table of atomic weights proposed for 1920, few 
changes have been made from the values given in the last preceding 
table. The new values are: A = 39*9, B = 10*9, Ga = 70*l, 
Th —232*15, and Yt=89*33. In addition to these, the atomic 
weight of nitrogen should be changed from 14*01 to the more 
precis© value N = 14-008. The latter figure represents all the beet 
determinations, and is probably correct to within 1 in the third 
decimal place. For so small a value, the change is insignificant. 

■ (Signed) F. W. Clarke. 

■ T. E. Thorpe. 

G. IJrbain. 
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1920. 

International Atomic Weights. 


Aluminium . 

Symbol. 

.. A1 

Atomic 

weight. 

271 

Molybdenum ..... 

Symbol. 

Mo 

Atomic 

weight. 

96-0 

Antimony . 

. Sb 

120*2 

Neodymium . 

. Nd 

144*3 

Argon . 

. A 

39*9 

Neon . 

. Ne 

20*2 

Arsenic . 


74*96 

Nickel . 

.Ni 

58*68 

Barium. 

. Ba 

137*37 

Niton (radium emanation) Nfc 

222*4 

Bismuth .. 

.Bi 

208*0 

Nitrogen ... 

.N 

14*003 

Boron . 

.. B 

10*9 

Osmium .. 

. Os 

190*9 

Bromine . 

. Br 

79*92 

Oxygen . 

. O 

16*00 

Cadmium . 

. Cd 

112*40 

Palladium . 

. Pd 

106*7 

Caesium . 

. Cs 

132*81 

Phosphorus .. 

. P 

31*04 

Calcium .. 

.. Ca 

40*07 

Platinum . 

. Ft 

195*2 

Carbon . 

. C 

12*00 

Potassium . 

. K 

3910 

Cerium . 


140*25 

Praseodymium . 

. Pr 

140*9 

Chlorine . 

. 01 

35*46 

Radium . 

. Ra 

226*0 

Chromium ...... 

.. Cr 

52*0 

Rhodium . 

. Rh 

102*9 

Cobalt .. 

.. Co 

58*97 

Rubidium .. 

. Rb 

85*45 

Columbium . 

. ..Ob 

93*1 

Ruthenium . 


101*7 

Copper .. 

.. Cu 

63*57 

Samarium . 


150*4 

Dysprosium . 

.Dy 

162*5 

Scandium . 


441 

Erbium .. 

. Er 

167*7 

Selenium . 

. Se 

79*2 

Europium . 


152*0 

Silicon . 


28*3 

Fluorine . 

. F 

19*0 

Silver . 

.Ag 

107*88 

Gadolinium . 

. Gd 

157*3 

Sodium . 

. Na 

23*00 

Gallium .. 


701 

Strontium . 

.. Sr 

87*63 

Germanium . 

.. Ge 

72*5 

Sulphur ... 

. S 

32*06 

Glucinum . 

. G1 

91 

Tantalum .. 

. Ta 

181 *5 

Gold .. 


197*2 

Tellurium .. 

. Te 

127*5 

Helium.... .. 

. He 

4*00 

Terbium .. 

.. Tb 

159*2 


Ho 

163*5 

1*008 

Thallium . 

. T1 

204*0 

Hydrogen .. 

. H 

Thorium ............ 

. Th 

23215 

Indium ............ 

. In 

114*8 

Thulium ... 

. Tm 

168*5 

J(V?1T||A 

I 

126*92 

1931 

Tin ... 

......... Sn 

318*7 

Iridium....... . 

. Ir 

Titanium .. 

.. Ti 

481 

Iron .. 

. Fe 

55*84 

Tungsten .. 

.. W 

184*0 

KtyptftP 

Ivr 

82*92 

Uranium .. 

.U 

; 238*2 

Lanthanum ....... 

.La 

139*0 

Yanadium ......... 

.V 

51*0 

Lead .. 

.Pb 

207*20 

Xenon ... 

.......... Xe 

180*2 

Lithium .. 

.Li 

6*94 

Ytterbium (Neoytterbium) Yb 

173*5 

Lutecium.. 


175*0 

Yttrium ........... 

.Yt 

89*33 

Magnesium .. 

.Mg 

24*32 

Zinc ................. 

.. Zn 

65*37 

Mn.ngji.Ti Hap. 

Mn 

54*93 

200*6 

Zirconium. 

..Zr 

90*6 

Mercury . 

.Hg 
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LXXIII.— The Presence of Aconitic Acid in Sugar¬ 
cane Juice and a Neiv Reaction for the Detection 
of the Acid. 

By Charles Somers Taylor. 

Among the non-saccharine substances existing in sugar-juice, 
Geerligs mentions certain acids which are undoubtedly present. 
He states, however, that the question of the presence of aconitic 
acid requires further investigation ( f< Cane Sugar and the Process 
of its Manufacture/' 1909, p. 51). This acid is generally sup¬ 
posed to have been detected first in the juice of the sugar-cane by 
Behr (Ber., 1877, 10, 351). There is no doubt that Behr dis¬ 
covered large quantities of aconitic acid in muscovado sugar and 
molasses, from both of which he obtained the acid, the composi¬ 
tion of which he verified by combustion and also by the formation 
of a silver salt of known composition. He also appears to have 
examined the action of lime on invert-sugar in order to find 
whether the acid can have been formed in the process of manu¬ 
facture, and states that none of the acid was produced in any of 
his experiments. As the latter evidence was merely negative, 
however, he obtained from Cuba some sugar-juice sterilised with 
phenol, which he examined in Germany. His deduction that 
aconitic acid was present in this sugar-cane juice was based on 
the fact that he obtained the lead and acid ammonium salts in 
their characteristic form. The real criteria of analysis and melt¬ 
ing-point determinations were omitted, and he lost the cleanest 
portion of his acid by accident, whilst some of the partly clean 
substance obtained by him melted at 167°, or more than 20° below 
the true melting point of aconitic acid. His evidence, therefore, 
of the actual existence of this acid in quantity in the juice in its 
natural state appeared to require further corroboration before it 
could be said to be conclusive. 

The most interesting point to the sugar manufacturer as regards 
the existence of this acid is that it forms a calcium, salt which dis¬ 
solves readily in cold water, but is almost entirely insoluble in 
hot. It is therefore liable to be precipitated on the tubes of the 
evaporating plant unless care is taken to keep the juice hot while 
filtering. 

EX PER I MENTAL. 

As it was thought possible that the acid might be a product of 
disease in the cane, two samples of juice were''employed, one 'from 
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diseased and one from ordinary cane. Botli samples were pre¬ 
cipitated with, basic lead acetate. The precipitate was then 
washed, suspended in water, and decomposed in the usual manner 
with hydrogen sulphide. After filtration, the water was 
evaporated in a vacuum, and the crystalline residue extracted 
with ether. The portion insoluble in ether was mostly malic acid. 
The crude aconitic acid from the ethereal solution was purified by 
reprecipitating with lead acetate and decomposing the precipitate 
with hydrogen sulphide. Small quantities of aconitic acid were 
obtained from the juice of the ordinary canes, but the diseased 
canes gave a viscid substance by this treatment, from which it 
was found impossible to crystallise the acid. 

Examination of the Acid. —The mean of two determinations of 
the equivalent weight of the acid gave the value 58*55. The 
quantities taken were very small, so that the method was subject 
to large error. 

The acid melted and decomposed at 191° (corr.), which is the 
melting point of aconitic acid. (Found: 0=41*38; H = 3‘95*; 
0=41*01; H = 3*65. C 6 H 0 O 6 requires 0=41*38; H = 3*45 per 
cent.) 

Qualitative Experiments: A New Colour Test for Aconitic Acid 
and , indirectly , for Citric Acid . 

The usual qualitative tests were carried out with the acid in 
order to identify it as aconitic acid, although these tests had 
already been performed by Behr. The calcium salt was obtained 
as a heavy, white precipitate on boiling a solution of the sodium 
salt with calcium chloride. It was interesting to note that unless 
the boiling was protracted, this precipitate dissolved immediately 
on cooling. After protracted boiling, however, the gelatinous pre¬ 
cipitate appeared to change into a crystalline form, which was 
insoluble even after cooling. 

A very delicate test for aconitic acid was discovered in examin¬ 
ing the action of acetic anhydride on it. On the addition of this 
reagent to a small quantity of the acid, a pink coloration appeared, 
which rapidly turned to deep red and then to magenta. Further 
heating produced a bluish-green liquid, finally turning to a brown, 
almost opaque, solution. The red liquid first obtained, if the 
action is checked by cooling, shows a spectrum entirely in the r§<$, 
absorbing all other rays almost completely. In the intermedi^lb. 
■ • . , . 

* This abnormally high result for hydrogen was probably due to the fact 
that the combustion was made in India in the middle of the rains, on e day 
when the air was nearly saturated. 
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stage, when the magenta liquid was obtained, it appeared to consist 
of a solution of two coloured substances, namely, a red one •which 
was soluble in water and a blue one which dissolved readily in ether. 
The two could be easily separated by shaking the acetic anhydride 
solution with water and ether, when the aqueous layer became red 
and the ethereal solution blue. 

Many attempts were made to isolate these red and blue com¬ 
pounds, but they appear to be exceedingly unstable, being rapidly 
destroyed by water, acids, or alkalis. 

The substance obtained in this way is intensely highly coloured. 
The intensity of the colour is so great, in fact, that the faintest 
trace of aconitic acid will produce a strong colour. The minimum 
quantity necessary to obtain the colour was determined as follows. 

One gram of aconitic acid was dissolved in a litre of water, and 
various fractions of a milligram were obtained by appropriate 
dilutions and evaporation to dryness in porcelain basins. To the 
residue a few drops of acetic anhydride were added, and the whole 
was heated on a water-bath. The results are tabulated below : 

Colour obtained. 1 

Intense, appearing almost immediately. 

Strong tinge rather slower in appearance. 

Faint colour taking some time to appear. 

Faint colour just perceptible after some time. 

That this reaction was due to aconitic acid .alone, and not to 
the other acids present in sugar-cane juice, was proved positively 
by examining pure aconitic acid from another source, which gave 
the same results as that obtained from sugar-cane juice. It was 
also proved negatively by showing that non© of the other acids 
present in sugar-cane gives the reaction. Citric acid, however, may 
he detected by the action of acetic anhydride after gentle fusing 
in a test-tube. By this means, traces of aconitic acid are obtained 
which at once give the colour reaction. Citric acid itself does not 
'.give the reaction. 

By this colour test, it was also proved that aconitic acid exists 
has a salt in sugar-cane juice, and not in the free state. This was 
done by shaking with ether sugar-cane juice, in the ordinary state 
and after treatment with dilute sulphuric acid. The ethereal 
extract in both cases was evaporated to dryness, and the residue 
heated on a water-bath with acetic anhydride. The extract from 
the untreated juice gave no reaction whatever, whilst that from 
the juice which had been treated with sulphuric acid gave thq 
intense red characteristic of aconitic acid, 


Aconitic acid. 
Milligram. 
DO 
0*1 
0*02 
0-01 
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The Nature of the Colour Reaction between Acetic Anhydride 
and Aconitic Acid. 

That the colour reaction takes place by condensation of the 
carboxyl groups of the acid is almost certainly proved by the fact 
that ethyl aconitate, when treated with acetic anhydride, gives no 
colour whatever. 

Treatment of itaconic, citraconic, and mesaconic acids also gave 
no colour. It was therefore inferred that very little decomposition 
of the molecule takes place during the reaction, but that the change 
was probably one of rearrangement of the carbon atoms with, 
possibly, some removal of water, addition of acetic anhydride, or 
both actions together. 

As has been already mentioned, the actual coloured substance 
is extremely unstable. Evaporation of the acetic anhydride solu¬ 
tion in a vacuum over sodium hydroxide, and subsequent washing 
with ether, gives a brown substance, which appears to be micro- 
crystalline. No definite crystals were obtained. Analysis of this 
brown substance gave the following figures: 

Found: 0 = 51*63; H = 2*93. 

C 6 H 4 0 4 requires 0=51*43; H=2 '86 per cent. 

The substance does not appear to resemble any of the known 
compounds of this formula. Its deep yellowish-brown colour 
resembles that of 2:5-dihydroxybenzoquinone, but it appears to 
be more unstable than that substance. All that can be said for 
the present, therefore, is that the brown substance has many 
properties which would point to its having a quinonoid structure, 
but that this is not proved. 

Laboratory of the Agricttx.tttrau Chemist 

to the Government of Bihar and Orissa. 

* [Received; January 6th, 1919.] 


LXXIY .—Studies in the ' Campha^e Series. Part 
XXXVII. Aryl Derivatives of Imino- and 
Amino-camphor . 

By Martin Onslow Forster and Hans Spinner. 

The highest recorded molecular rotation "is that of 55 -phenylenebis- 
iminoeamphor, which has [M] D 6173° in a pyridine solution contain¬ 
ing 0*624 gram, in 100 c.c. (Forster and Thornley, T., 1909, 95, 942). 
I 11 this compound there appears to be presented, within a relatively 
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narrow molecular compass, the optimum association of azetlienoicl 
groups, conjugated linkings, and a benzene ring. 


c:n-c g h 4 *n:c 


required for exaltation of the optical activity due originally to the 
camphor nucleus. 

With a view to extending this field of inquiry we prepared a selec¬ 
tion of similar compounds, but since none of these, with one excep¬ 
tion, approached the foregoing substance in optical activity, they 
have been described only in a dissertation (Hans Spinner, Zurich, 
1912). Several of them having now been prepared by Singh and 
Mazumder (this vol., 566), who did not have access to the publica¬ 
tion in question, we desire to record the properties of the remainder. 

The only derivative of this class having optical activity nearly so 
high as that displayed by p-phenylenebisiminocamphor is pp-di- 
phenylenebisiminocamphor, 


Cs h 14<^; 0 


prepared from benzidine and camphorquinone. It occurs in two 
forms, (1) yellowish-green, melting at 276° and having [M] D 5565°, 
and (2) golden-brown, melting at 274° with [M] D 5360°. In this 
compound the same exaltation factors are noticeable, but they 
operate in a slightly less confined molecular environment, which may 
account for the somewhat diminished optical activity. 

It has not been possible permanently to convert either of these 
compounds into the corresponding derivative of aminocamphor, but 
the substituted iminocamphors of more simple structure are easily so 
converted ; there is then observed tbe same profound depression in 
optical activity already noticed in similar examples (F. and T., 
:loc. as indicated by the following measurements in chloroform 
at 20°: 


«-N&pMhylimmoca*nphor ........ 

a-N&phthylaminocamphor ........ 

0 -NapMhylimmocamphor ......... 

.3-N apMhylaminocamphor... 

o -Chlorophenyliroinocampbor .... 
o-Ohlorophenylammocamphor ... 
fn-Cbloropbenylirainocamphor ... 
m-Glilorophenylaminocampnor ... 
wii-Garboxyphenyliminocampbor. 
wi-Carboxyphenylaminoeamphor. 
jp-Carboxyphenyliminocamplior.., 
p -Carboxypbeajyl aniinocamph or 


Difference 


Wo- 

M, 

Of [M]d- 

628° 

1828° 

■'- 

115 

338 

1490° 

720 

2096 

■ — 

140 

411 

1685 

153 

423 

— 

94 

262 

161 

499 

1374 

— 

118 

328 

1046 

470 

1341 

—, 

127 

364 

975 

423 

1205 

■ _ 

121 

347 

858 
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The one exception is o-clilorophenyliminocamphor, because it has 
by far the lowest optical activity yet recorded in this series, namely, 
[Mljj 423°, whilst non© of the other members, even the m~ or 
p-ehloro-derivative, has [M] D less than 1000°; it is probable that this 
abnormality is due to partial saturation of the azethenoid or 
carbonyl group by supplemental valency of the chlorine atom in an 
ortho-position. 

Although arylamines generally undergo condensation with cam- 
phorquinone very readily, some exceptions, in addition to that of 
p-nitroaniline, have been observed; these are o-aminobenzoie acid, 
o-aminophenol, 2:4-diaminophenol, 2:4:6-triaminophenol, pier- 
amide, picramic acid, 4-nitro-a-naphthylamine, and 5-nitro-a- 
naphthylamine, from none of which has the corresponding derivative 
of iminoeamphor been obtained. 


Experimental. 

a- and p-Naphthylaminocamphor , C 8 H u <^q C 10 H 7 . 

a-Naphthyliminocamphor, with [cc] D 628*2° in chloroform, also 
prepared by Singh and Mazumder (this voh, 573), was shaken in 
ethereal solution with 10 per cent, potassium hydroxide and zinc 
dust until the colour had disappeared, when the ether deposited a 
white residue of a-naphthylaminocamphor on evaporation. Recrys¬ 
tallisation from hot alcohol gave transparent, four-sided prisms 
melting at 165°: 

0-1760 gave 0*5276 C0 2 and 0-1251 H 2 0. C = 81*76; H=7*90. 

C 20 H 23 ON requires 0 = 81-91; H = 7’85 per cent. 

The product is readily soluble in benzene, chloroform, ethyl ace¬ 
tate, or boiling acetone, moderately so in cold acetone or alcohol; it 
is insoluble in cold light petroleum, which dissolves it sparingly when 
boiled. A solution containing 0*1215 gram in 25 c.c. of chloroform 
gave a B T°41 / in the 3-dcm. tube, whence [a] D 115’5°. 

/3-Naphthyliminocamphor, with [cc] D 720*5° (compare S. and M., 
this voh, 573), was treated in the same way, and the resulting 
/3-naphthylaminocamphor crystallised from alcohol in colourless, 
flattened, four-sided plates melting at 157—158°: 

0-2305 gave 0-6896 C0 2 and 0-1631 H 2 0. C = 81-59; 3=7-86. 

The base is insoluble in cold light petroleum, but dissolves readily 
in other organic media. A solution containing 0*1255 gram in 
25 c.c. of chloroform gave a D 2°7 / in the 3-dcm. tube, whence 
Md 140-5°. 
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o- and m-Chlorophenylaminocamphor, C S H 14 


<s 


!H‘NH*C 6 H 4 Cl 

o 


o-Olilorophenylirninocamphor, with [a] D 153*4° (compare S. and 
M., this vol., 572), gave, o-chlorophenylaminocamphor melting at 
148° after crystallisation from hot alcohol, which deposits it in 
colourless, transparent prisms: 

0*2174 gave0*5508 C0 2 and 0*1431 H 2 Q. 0 = 69*10; H = 7*31. 

0-1982 „ 0*1013 AgCl. 01 = 12*64." 

C 16 H 20 ONC1 requires 0 = 69*16; H=7*26; 01=12*77 per cent. 

It is readily soluble in organic media other than alcohol and 
petroleum, which dissolve it less freely. A solution containing 0*1236 
gram in 25 c.c. of chloroform gave a D 1°24 / in the 3-dcm. tube, 
whence [ct] D 94*4°. 

m-Chlorophenyliminocamphor, with [a] D 498*8° (S. and M., loc. 
clt.), gave m-ehlorophenylaminocamphor melting at 98—99° after 
crystallisation from diluted alcohol, whence it separates in colourless 
aggregates of indefinite structure : 

0*1726 gave 0*4368 CO, and 0*1129 H,0. 0 = 69*02; H=7*27. 

0*2158 „ 0*1106 AgCl. 01 = 12*68. 

It is more readily soluble than the isomeride. A solution contain¬ 
ing 0*1234 gram in 25 c.c. of chloroform gave a r> 1°45' in the 3-dcm. 
thbe, whence [a]^ 118*2°. 


m- and ■p-CarboxyphmyUminocamphor, C 8 H 


M< g:N-o,H 4 -oo s H 


Campharquinone and ra-aminobenzoic acid in molecular propor¬ 
tion were heated in alcohol during three hours, when the product, 
after recrystallisation from diluted alcohol, formed pale yellow 
leaflets melting, at 195*5°; 

0*3273 gave 15*4 c.c. at 29° and 763 mm. 17 = 5*21. 

C 17 H 19 O s N requires 17=4*91 percent. 

It is readily soluble in alcohol, acetone, chloroform, ethyl acetate, 
or 'boiling benzene,, but is insoluble in .light petroleum. . A. solution ■ 
containing 0*1218 gram in. 25 c.c. gave a B 4°35 r in the 2-dcm. tube, 
whence [a]^ 470*4°. 

The isomeride prepared from camphorquinon© and ^taminobenzoic 
acid separated from diluted alcohol in small, brownish-yellow prisms 
melting at 237° and resembling the rn-compound in solubility: 

0*4210 gave 19*0 c.c. 17 s at 21° and 758 mm. 17 = 5*15. 

A solution containing 0*1217 gram in 25 c.c. of chloroform gave' 
*x>4°7*’ in the 2-dcm. tube, whence fa] p 422*8°, 



STUDIES m THE CAMPHANE SERIES. PART XXXVIT. 893 


in- and p -Carboxyphenylaminocamphor. 


Ofi M <$-**'°**S*>* 


The foregoing substances dissolve in aqueous alkali hydroxide, 
and when the solutions are shaken with zinc dust, filtered, and acidi¬ 
fied, the corresponding derivative of aminocamphor is liberated. 
The m-eoixipound separates from diluted alcohol in colourless needles 
melting at 210—211°: 

0-1630 gave 0-4237 C0 2 and O'1075 H 2 0. C = 70‘89; H = 7*33. 

CjyHojOgN requires C — 71*08; 11=7-32 per cent. 

It dissolves readily in acetone, chloroform, or ethyl acetate, less 
readily in alcohol, being only moderately soluble in benzene and 
insoluble in petroleum. A solution containing 0T235 gram in 
25 c.c. of chloroform gave a D 1°53 / in the 3-dcm. tube, whence 
Md 127-1°. 

The ^compound crystallises from diluted alcohol in colourless 
aggregates melting at 239° after slight shrinking and discoloration : 

0*1951 gave 0-5081 C0 2 and 0T287 H 2 .0. C = 71*03; H = 7*33. 

In solubility it resembles the isomeride. A solution containing 
O’1207 gram in 25 c.c. of chloroform gave a D 1°45 ; in the 3-dcm. 
tube, whence [a] D 120*8°. 


i n xr ^c:n*c 6 h 4 -nh-co*ch, 

] p-Acetylamznophenyliminocamphor , O g H 14 <^I e 


Gamphorquinone and p-aminoacetanilide in molecular proportion 
dissolved in alcohol were heated under reflux during four hours, the 
product crystallising on dilution in yellow, six-sided plates melting 
at 211—212°: 

0-2166 gave 17-8 c.c. 3ST 2 at 21° and 771 mm. N=9*53. 

C 18 EL, 2 0 2 N'2 requires 3ST.“ 9*40 per cent. 

It is readily soluble in alcohol, acetone, chloroform, or ethyl ace¬ 
tate, dissolving with difficulty in cold benzene or hot petroleum ; it is 
insoluble in the last-named when cold. A solution containing■0*1220 
gram in 25 c.c. of chloroform gave a I> 8°25 / ill the 2-dcm. tube, 
whence [>] n 862*4° and [M] D 2570° 


pp -Diphenylenebisiminocamphor, 

c 8 h h <^- c ^- c ^>c s h 14 . 


Gamphorquinone (6*6 grams) and benzidine (3*6 grams) dissolved 
in alcohol (80 c.c.) were heated under reflux during six hours, when 
the liquid deposited two distinguishable forms of crystals on cooling; 
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these were separated mechanically and also by fractional crystallisa¬ 
tion, when the less soluble component, formed in preponderating 
amount, consisted of longitudinal clusters of minute, yellowish-green 
prisms melting at 276°: 

G'2599 gave 0*7606 C0 2 and 0*1785 H 2 0. C = 79*81; H = 7*G3. 

0*2680 „ 13*4 c.c. N 2 at 22° and 765 mm. N = 5*73. 

C 32 H 36 0 2 N 2 requires C = 80*00; 11=7*50; 1ST = 5*83 per cent. 

A solution containing 0*1231 gram in 25 c.c. of chloroform gave 

11°25 / in the 2-dem. tube, whence [a]^ 1159*3°. 

The more readily soluble modification crystallised in transparent, 
golden-brown needles melting at 274°: 

0*1861 gave 0*5458 C0 2 and 0*1288 H 2 0. 0 = 79*98; H = 7*69. 

A solution containing 0*1220 gram in 25 c.c. of chloroform gave 
a D 10°54 / in the 2~dcm. tube, whence [a] D 1116*8°, Both forms 
yielded benzidine and camphorquinone on hydrolysis with alcoholic 
hydrochloric acid. 

In addition to the foregoing substances we prepared o- and p-tolyl- 
iminocampiior and p-benzeneazophenyliminocamphor, which are 
described by Singh and Mazumder, and in the ease of the last-named 
compound a discrepancy is noticeable. These authors obtained 
orange needles melting at 129—130° and giving [a] D 550*4° in 
chloroform, whilst our product crystallised in silky, red needles melt¬ 
ing at 135° and giving [a] D 677*0°, whence [M] D 2335°. 

p -Benseneazophenylammocamphor, 

H ch-nh-c 6 b 4 *n:n-c 0 h 5 
°« h 14 <co 

was obtained by shaking an ethereal solution of the iminoeamphor 
derivative with zinc dust and 10 per cent, potassium hydroxide in a 
closed flask during several hours, when the colour was completely 
destroyed. On contact with air, however, the ethereal liquid imme¬ 
diately became orange, and on evaporation deposited a brownish-red 
mass which crystallised from alcohol in lustrous, dark brownish-red, 
'three-cornered plates melting at 170°: 

0*1272 gave 0*3538 CO s and 0*0826 H a O. C = 75*86; H = 7*21. 

C^H^QNo requires C = 76*08; E = 7*20 per cent. 

From these colour changes it would appear that benzeneazoplienyl- 
iminoeamphor (I) is first reduced to the colourless phenyihydrazino- 
phenylaiuiuocainphor (II; not isolated), which is then oxidised in air 
C H /P^*n:n*o s i 5 jr xh.nh*c 6 h 4 *nh*fh-c 6 h 5 
C * H h<co , 

(I.) 


{II.) 
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to benzeneazophenylaminocamphor. Even very dilute solutions of 
the last-named substance were too dark for polarimetric measure¬ 
ment. 

These experiments were- carried out at the Royal College of 
Science', South Kensington, during the later months of 1911. 

Salters’ Hall, 

St. S within’s Lane, E.C. 4. [Received, July 3rd, 1919.] 


LXXV .—The Oxidation of Coal. 

By Frederick Vincent Tideswell and Richard Vernon 
Wheeler. 

In a recent paper ("The Oxidation and Ignition of Coal/'’ T., 1918, 
113, 945) a hypothesis was advanced that the first step in the 
oxidation of coal is the formation of an additive compound, or com¬ 
plex, of oxygen with one or more of the substances present in coal. 

Partington ( Chem . News , 1919, 118, 50) has suggested "that 
this hypothesis, which is of itself not very probable, does not account 
for the observed results, and that it should be replaced by another 
hypothesis,” based primarily on known physical phenomena, which 
appears to- be somewhat as follows. 

(1) The admission of air to newly-won coal, deprived of its 

occluded gases, results in the physical adsorption of both oxygen and 
nitrogen on the surface of the coal. The pressure of the air in con¬ 
tact with the coal will at first fall very rapidly for a short period, 
and will then gradually fall off until adsorption equilibrium is 
reached. If the adsorbed layer penetrates into the bulk of the 
adsorbent, this very slow final fall of pressure may go on for a long 
time. p • ■ 

(2) The adsorbed layer, being at high concentration, may subse¬ 
quently react with the coal, possibly slowly, with the production of 
oxides of carbon. 

(3) The formation of carbon monoxide and carbon dioxide in a 
constant ratio at a given temperature is explained on the assump¬ 
tion that carbon monoxide is formed first and subsequently reacts 
with water-vapour, the " water-gas equilibrium,” CO+ H 2 0 Art: 
C0 2 + H 2 , being attained. 

This^ hypothesis in principle possesses the great 'merits'' of; 'sim¬ 
plicity and of conformity with well-known phenomena. Had it been 
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possible to account so easily for the facts observed during the oxida¬ 
tion of coal, some such hypothesis would have been chosen in- prefer¬ 
ence to- that ultimately adopted. 

The phenomena that occur during the oxidation of coal bear a 
striking resemblance to-, and clearly have much in common with, the 
phenomena of the combustion of carbon. 

Rhead and Wheeler (T., 1913, 103, 461) were faced with a simi¬ 
lar difficulty to that which presents itself with coal when attempting 
to explain the results of their experiments on the combustion of 
carbon. They found that carbon at all temperatures up to 900°, and 
probably above that temperature, has the power of pertinaceously 
retaining oxygen. This oxygen cannot be removed by exhaustion 
alone, but only by increasing the temperature of the carbon during 
exhaustion. When quickly released in this manner, it appears, not 
as oxygen, but as carbon monoxide and carbon dioxide. Rhead and 
Wheeler concluded, after discussion of their experimental data at 
some length, that: “ No physical explanation alone can account for 
this s fixation' of oxygen, but, in all probability, it is the outcome 
of a physico-chemical attraction between oxygen and carbon. Physi¬ 
cal, inasmuch as it seems hardly possible to assign any definite 
molecular formula to the complex formed, which, indeed, shows 
progressive variation in composition; chemical, in that no isolation 
of the complex can be effected by physical means.” 

In an account of earlier portions of the same research (T., 1912, 
101, 846), the relationship between the carbon monoxide and 
carbon dioxide produced during the oxidation of carbon had been 
fully discussed. A comparison of the rate of reaction at different 
temperatures, between carbon and carbon dioxide, carbon and 
oxygen, and carbon monoxide and oxygen, with a study of the 
products of reaction, showed : (1) that some carbon monoxide is 
produced during the oxidation of carbon at low temperatures under 
conditions which do not admit of the reduction of carbon dioxide by 
carbon; on the other hand, (2) carbon dioxide is produced at low 
temperatures in quantity greater than can be accounted for on the 
supposition that carbon monoxide is first formed and then oxidised 
to carbon dioxide. The conclusion follows that when carbon is 
burnt at low temperatures, carbon monoxide and carbon dioxide are 
produced simultaneously. 

The general conclusion readied by Rhead and' Wheeler as' regards 
the mode of combustion of carbon, to account for this simultaneous 
production of the two oxides, presumes the formation of a complex, 
as already stated, and partial decomposition of this complex as fresh 
oxygen molecules became attached, until the carbon becomes “satur¬ 
ated.” The products of combustion during this period of satura- 
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tioii are the complex, carbon dioxide, and carbon monoxide. After 
the carbon has become saturated there is an alternate formation and 
decomposition of the complex, and the only apparent products of 
combustion are carbon dioxide and carbon monoxide. These are 
produced in a fixed .ratio dependent on the temperature of reaction. 
Drying of the.oxygen by phosphoric oxide does not affect the forma¬ 
tion of the complex, but retards its rate of decomposition (T., 1913, 
103, 1310). 

This explanation of the manner of burning of carbon is, we believe, 
accepted by the majority of chemists. A similar explanation of the 
manner of burning of coal at low temperatures could be advanced 
by analogy. To rely solely on such an analogy is, however, scarcely 
safe; for although there are, in all probability, compounds in coal 
resembling the carbon molecule in their structure (see Jones and 
Wheeler, T., 1916, 109, 709), there is no evidence of the presence of 
free carbon. Moreover, the fact that the compounds in coal are 
hydrogenated and that some may yield water on oxidation, intro¬ 
duces a complication from which research on the combustion of 
carbon is free. 

Nevertheless, if the same methods of examining the action of 
oxygen on coal be followed as with carbon, a similar conclusion will 
be reached: an hypothesis of physical adsorption of the oxygen, 
followed by direct formation of carbon monoxide, and, subse¬ 
quently, of carbon dioxide is inadequate to explain quantitatively 
the results obtained; although it may, at first sight, afford a plaus¬ 
ible explanation of the phenomena qualitatively. 

A comparison of the amount of adsorption of inert gases, such as 
nitrogen, by coal with the amount of oxygen absorbed thereby shows 
the two actions to be not only of a different order but to be affected 
by temperature in a different sense. 

The adsorption of gases by coal has been studied by several 
chemists; for example, Graham (Trans. Inst . Min. Eng., 1917, 52, 
388) and Katz (U.S. Bureau of Mines, Tech. Paper 147; Washing¬ 
ton, 1917). Graham obtained the following figures for the quantities 
of different gases adsorbed or, as he terms it, “ dissolved,” by the 
same sample of coal-dust (of 200-mesh fineness): 

Volume of gas adsorbed per gram of coal. 

C.c measured at N.T.P. 


Temperature, lit No. ..COT CH 4 . GO... 

30°. ........ 0-068 0-576 0-712 — 8-00 

100°. 0-038 0*115 0-159 0-476 1-48 


As regards oxygen, Graham's own words may be quoted: “ The 
solubility of oxygen—as distinct from the ordinary (chemical) 
.absorption by coal—-has'.also been determined for a sample of 
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oxidised coal-dust, it being, of course, impossible to determine the 
solubility in unoxidised coal directly. The sample used had been 
oxidised for about fourteen days at 100°, and even after this a 
slight absorption at 30° still took place. For this, however, a cor¬ 
rection could be made, and with this it was found that oxygen was 
soluble in the oxidised sample of coal-dust (of 200-mesh fineness) to 
the extent of about 40 c.c. per 100 gram when the percentage of 
oxygen over the dust equalled 100. The solubility of nitrogen in 
the same sample was found to be equal to approximately 35 c.c. for 


Fig. 1. 



Time in hours. 


100 per cent, nitrogen per 100 gram of coal. The figure for the solu¬ 
bility of nitrogen in unoxidised coal for similar concentration was 
■57*6.'.'It is highly probable, therefore, that the solubility of oxygen 
in unoxidised coal will be somewhere about 65 c.c. in pure oxygen 
■■per'100 gram of coal/’ 

''"These results for different gases are in agreement with the deter¬ 
minations made of the adsorption of gases by charcoal by Homfray 
(. Zeiisch . physikal. Chem., 1910, 74, 129), who showed that the 
amounts adsorbed are proportional to the boiling points of the 

In Fig. 1 are given time-volume curves for the absorption of 
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oxygen by fresh coal (of 10-mesh fineness and deprived of its 
occluded gases) at 10°, 50°, and 100°; and in Pig. 2 the same curves 
are reproduced on a different scale for comparison with adsorption 
curves for nitrogen at 30°, 50°, and 100°. The nitrogen curve at 
50° was obtained with a sample of the same coal as was used for the 
absorption of oxygen; the curves at 30° and 100° are constructed 
from Graham’s data (obtained with a coal of 200-mesh fineness). 
Increase of temperature is thus shown to cause a rapid increase in 



0 20 40 60 80 100 

Time in hours. 


the rate of absorption of oxygen by coal, and an increase in the 
total amount absorbed (compare also* Winmill, Trans. Inst. Min. 
Eng., 1913, 46, 3, 559; 1914, 48, 514). On the other hand, th© 
quantity of a gas physically adsorbed decreases as the temperature 
is increased. 

Even at the ordinary atmospheric temperature the amount of 
absorption of oxygen by coal is greater than can be accounted for 
by adsorption phenomena; and the higher the temperature the 
greater the divergence.'. Hence the necessity for some such hypo¬ 
thesis as that of complex-formation to account for the facts. Un¬ 
doubtedly, it is the small but continually renewed amount of 
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adsorbed oxygen which forms the complex; as with all heterogeneous 
reactions, the reaction takes place in the condensed layer at the 
boundary between the two phases; but the complex-formation, and 
not the adsorption, is specific of the reaction between coal and 
oxygen. 

It is, perhaps, necessary to answer the arguments brought forward 
in favour of the production of carbon dioxide through the agency 
of water-vapour, either from carbon monoxide or by direct action 
on the coal. 

The suggested reactions are: C0 + H 2 0—>C0 2 + H 2 ; C + 2H s O 
—> CO., -f H 2 ; and, possibly, 2H. 2 +0 2 — > 2H 3 0. Each of these 
reactions is known normally to proceed but slowly at temperatures 
below 400°. With the high concentration of the gases on the coal 
surface it is conceivable that they might be appreciable at 100° or 
lower. No such reactions occur during the oxidation of carbon at 
low temperatures, but, as already indicated, it is desirable not to 
stress the similarity between coal and carbon. Experiments were 
therefore made with coal, which showed: 

(1) That no trace of hydrogen could be detected in oxygen which 
had been circulated over coal at 100° during several days. 

(2) That (moist) mixtures of carbon monoxide and air circulated 
over coal at 100° suffered no change other than that due to the 
action of oxygen on the coal. No hydrogen was formed. 

(3) That mixtures of hydrogen and air circulated over coal at 
100° suffered no loss of hydrogen. 

In each set of experiments the usual formation of carbon dioxide 
and carbon monoxide, in the ratio 2*4: 1, took place. 

Partington lias suggested that “if the reaction between oxygen 
and coal were one of combination, with the formation of a complex 
oxide of carbon,” tile complex should have a definite univariant 
relationship between Vapour pressure and temperature. The com¬ 
plex is not regarded as a definite oxide of carbon or of coal; there 
most probably are slightly differing compounds in coal to which the 
oxygen attaches itself, each forming a slightly different product. 
Probably, also, these oxygen-fixing compounds, which appear to be 
derived from the cellulos^c portions of the original coal-forming 
materials, have no definite molecular dimensions, but are continuous 
■'■in. structure. The. effect, of .progressive increase of temperature on 
the complex formed with oxygen by such compounds would be to 
cause progressive breakdown of theii* structure with elimination of 
the simple oxides, the residue requiring further increase in tempera¬ 
ture to decompose it further. 
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Expeeimental. 

The results herein recorded were obtained during the course of 
an investigation which is still in progress (and, when completed, will 
form the subject of a communication to this Society), on the relative 
tendencies to spontaneous ignition of the several distinct portions 
into which a banded bituminous coal can be separated (see Slopes, 
Proc . Roy. Soc 1919, [2?], 90, 470; Tideswell and Wheeler, this 
vol., 619). The particular coal used was the “durain ” portion of 
the Thick Coal Seam, Hamstead Colliery. 

The apparatus used, which will be described in detail when the 
complete research is described, enabled air or oxygen or any mix¬ 
ture of gases to be circulated in a closed system through the coal, 
which was packed in a reaction-tube the temperature of which 
could be maintained constant. The progress of the reaction could 
be followed by the change of pressure within the system and by 
analysis of the gases. 

In all but the experiments with mixtures of carbon monoxide and 
air, in which a water-bubbler was used, the gases were dried by 
passage through a calcium chloride tube included in the circuit. 
The coal was ground so as to pass through a 10 x 10 and remain on 
a 60 x 60 mesh sieve. At the beginning and end of each experiment 
the coal, in position in the reaction tube, was raised to 200° and 
exhausted at that temperature. 

Typical results for the absorption of pure oxygen at different tem¬ 
peratures are recorded in Pig. 1. Typical results when mixtures of 
carbon monoxide and air and hydrogen and air were used are as 
follow: 

Carbon Monoxide and Air (7*45 per cent. CO). 

Volume o£ apparatus: 3,300 c.e. 

Mean pressure of gases: 660 mm. 

Composition: Expressed as c.c. at 15° and 700 mm. 



co 2 . 

o 2 . 

" CO. 

n 2 * 

h 2 . 

Initial atmosphere......... 

Final atmosphere (after' 
circulation during 120 

0-9 

590 

227 

2240 

nil 

hours at 100°).. 

53-4 

79 

249 

2240 

nil 

Oxygen absorbed—511 c.c. C0 2 formed= 
CO formed=22 e.e. Ratio C0 2 /C0=2-4. 

52*5 c.c. 


Gases removed from the 
coal by exhaustion at 

C 0*. 

Os* 

CO. 

No. 

Ho. 

200° .. 

Ratio O0o/CO removed 
at 200°.:... 

26-5 

33 

nil 

7*7 

0-3 

;' nil 


VOL. CXV. 


L L 
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BARBATT AND TITLEY : 


Hydrogen and Air (3"85 per cent. H 2 ). 

Volume of apparatus : 1,200 c.c. 

Mean pressure of gases : 560 mm. 

Composition: Expressed jusc.c. at 15°and 760 mm. 


42 

66 


Gases removed from the 
coal by exhaustion at 

200 °... 

Ratio COa/CO removed at 
200 ° ..... 


COo. 

0. 3 . 

CO. 

No. 

H 2 . 

nil 

213-5 

nil 

788 

40-2 

10-52 

16-5 

3-46 

796 

40-8 

11-20 

4*9 

4-60 

791 

39*7 

12-00 

2-6 

4-77 

791 

40-5 

>ed=211 

e.c. C0 2 formed = 12> 

>0 c.c. 


-77 c.c. 

Ratio COj/CO=2*5. 



C0. 2 . 

O,. 

CO. 

n 2 . 

H* 

3-7 

nil 

1-2 

0-1 

nil 

3-1 






Cumberland. 


[Received, June 1 8th, 1919.] 


LX XVI .—The Catalytic Reduction of Hydrogen Cyanide . 

By Sydney Barratt and Alan Francis Titley. 

When hydrogen cyanide vapour is reduced by gaseous hydrogen in 
the presence of metallic catalysts, mono-, di-, and tri-methylamine, 
ammonia, and methane form the bulk of the products. The pre¬ 
sent paper deals with the relative quantities of the basic sub¬ 
stances produced, which were found to vary with the nature and 
temperature of the catalyst, and with other conditions which are 
described. 

Debus (. Jcnirn . Chem . Sac., 1863, 16. 249) passed a mixture of 
hydrogen and hydrogen cyanide over platinum black and noticed 
redaction, accompanied by a considerable development of heat, 
even at the ordinary temperature. He states that the reaction 
proceeded vigorously at 110°, the main product being monom ethyl - 
amine. The rapid decrease in the activity of the catalyst was 
attributed by him to the formation of a double cyanide of methyl- 
amine and platinum, which he isolated. 

Linnemann (Annahn, 1868, 145, 38), using the same catalyst, 
found that the reduction proceeded smoothly at 300°. Although 
the formation of the double salt was not observed, he found that 
the catalyst soon lost its activity. 

Sabatier and Senderens {Comp, rend 1905, 140, 482) investi¬ 
gated the reduction of hydrogen cyanide in the presence of nickel. 
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They showed that the temperature required for efficient reduction 
lay between 300° and 400°, or somewhat higher than that required 
by other nitriles. Ammonia and dimethylamine preponderated in 
the products isolated. 


Experimental. 

The larger number of the results described in this paper were 
obtained with platinum catalysts, but preliminary experiments 
were also carried out with finely divided iron prepared by the 
decomposition of ferrous oxalate at 380°. 

With the latter catalyst, reduction proceeded at 170° and 
upwards. At 200°, the basic products isolated by passing the 
resulting gases through hydrochloric acid contained approximately 
45 per cent, of monomethylamine and 55 per cent, of ammonia, 
with barely a trace of dimethylamine. 

The rate of reduction was very low, even at higher tempera¬ 
tures, and after trials under varying conditions, the conclusion 
was reached that iron was an unsuitable catalyst for the reduction 
of hydrogen cyanide. 

Platinum proved to be considerably more efficient than iron as 
a catalyst for this reduction, and although it was not found possible 
to employ the low temperatures suggested by Debus, the activity 
displayed by the platinum at rather higher temperatures was con¬ 
sistent throughout a long series of experiments. 

The catalyst was prepared by soaking blue asbestos fibre in 
platinum chloride solution. The resulting mass was then dried 
and reduced in a current of hydrogen at 150°. Catalysts contain¬ 
ing from. 0T to 40 per cent, of platinum on the asbestos were 
tested. Only those preparations containing more than 10 per cent, 
of platinum were of practical value in the form of apparatus 
described below. Those containing less platinum were not suffici¬ 
ently vigorous, and the catalyst containing 20 per cent, of platinum 
was most frequently employed. Such variations in the composition 
of the catalyst affected only the efficiency of the reduction, and 
not the nature of the products. 

Hydrogen cyanide dried by calcium chloride was prepared and 
liquefied, using the method described by Wade and Panting (T,, 
1898, 73, 255); its vapour, mixed with a regulated volume of 
electrolytic hydrogen, was passed through 22—30 cm. of platinised 
asbestos in a 1*3 cm. tube heated in a resistance furnace to a 
temperature measured by a thermo-couple. The alkaline products 
of the reduction were retained by passage of the gases through 
hydrochloric acid. 


L L 2 
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Under these conditions, reduction was first observed at 80°. 
The velocity of the reaction increases smoothly with rise of tempera¬ 
ture to 180°, above which it was fairly rapid; for example, at 200°, 
80—100 per cent, of the total hydrogen cyanide in a mixture, 
passed at the rate of 6 litres an hour, was reduced by 0-3 gram of 
platinum on 1 gram of asbestos. There appeared to be no 
advantage in raising the temperature of the catalyst above 220°. 
The composition of the products, however, was not appreciably 
affected by carrying out the reduction above 250°. 

The products were analysed by the following method. The 
hydrochloric acid solution of the amines and ammonia was 
evaporated to dryness, and the solid chlorides were extracted with 
a known volume of absolute alcohol in excess over that required 
for complete solution of the amine hydrochlorides. Allowance 
being made for the slight solubility of ammonium chlorides in 
alcohol, evaporation of the alcoholic solution gave the total weight 
of amine hydrochlorides present. These were finally extracted 
with chloroform to separate the mono- and di-methylammoniurn 
chlorides. 

From a consideration of the following equations, 


IIGN + 2Ho = CH S *NEL> .(1) 

JECCN + 3Hg—NH 3 + CH 4 .(2) 

2CH s *NH, = (CH 3 ),]n t H + NH 3 .(3) 

(CH 3 ) 2 Is t H + CH s -NHo = (CH^U + NH S .... (4) 


it will be seen that, in accordance with the law of mass action, 
reaction (2) might be expected to be favoured by an excess of 
hydrogen in the gas mixture passing the catalyst. The very 
reverse, however, took place. If the partial pressure of the 
hydrogen cyanide was high and approached-that required in theory 
for complete utilisation of the hydrogen (that is, 1 vol. of hydrogen 
cyanide to 2 vols. of hydrogen), then the products consisted almost 
entirely of ammonia. As the partial pressure of the hydrogen 
cyanide decreased, however, the proportion of the methylamines 
in the product rapidly increased. This continued up to a maxi¬ 
mum, above which, however dilute a gas mixture was employed, 
the methyl amine content of the product was constant. The 
following table and figure illustrate this point. 

Total 

Composition methylamines, Ammonia, 

of gas mixture. per cent. per cent. 

1 vol. HCN to 11 vols. H„.. 8 92 

1 „ „ 4 „ . 33 66 

1 „ „ 6 „ .. 68 32 

1 „ „ 8 „ .. 78 22 

1 „ „ 15 „ ... 80 20 
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We are unable to offer an explanation of this anomaly. 

The “ total methylamines ” given in the above table consist of 
mono- and di-methylamines in varying proportions, although tri- 
methylamine is also present in minute quantities. The proportion 
between mono- and di-methylamine, as would be expected, is also 
affected by the partial pressure of hydrogen cyanide in the react¬ 
ing gases. With a concentration of 1 vol. of hydrogen cyanide 
to 4 vols. of hydrogen, more than half of the total methyl amine 
was dimethylamine. With 1 vol. of hydrogen cyanide to 15 vols. 
of hydrogen, this decreased to less than 10 per cent, of the total. 
This is shown in the accompanying figure (curve A ). 

Mono- and di-methylaznine 
in the products. 

Per cent. 


Composition 

of gas 

mixture. 

Mono- 

Di- 

1 vol. HCN 

to 4-0 

vols. 

... 

10 

25 

1 

4*4 


» ... 

15 

23 

1 

5-6 


tt ... 

40 

20 

I 

„ 6-3 

Jt 

,, ... 

54 

16 

I 

, 8-0 


>> ••• 

66 

12 

I 

. 15-0 


„ ... 

72 

8 


The figures given in the tables above vary within about 5 per 
cent, in individual experiments, made with different preparations 
of catalyst containing the same amount of platinum. The tables 
represent, the results obtained with a catalyst prepared as 
described, and working at temperatures from 180° to 220°. 

The alteration in the behaviour of the catalyst with use proved 
to be unusual. Although the formation of a double cyanide of 
platinum and methylamine, to which Debus attributed the short¬ 
lived activity of his platinum black, was never observed, the 
activity : of our catalysts was found to undergo a peculiar change 
during successive experiments. The longer the time in use, in 
spite of identical conditions of temperature and gas concentration, 
the greater the percentage of ammonia in the reduction products 
became. This change was very irregular, but occurred more 
rapidly the less platinum there was on the asbestos. Thus with 
0'4 gram of platinum deposited on 1 gram of asbestos, the com¬ 
position of the products was constant during a period of fifteen 
hours, but with only 0-1 gram of platinum to the same weight of 
asbestos, an appreciable difference was noticed after one hour. 

Attempts to renew the original behaviour of the catalyst by heat¬ 
ing in hydrogen, oxygen, or hydrogen chloride up to 600° were 
unsuccessful. Treatment with chlorine,, however, at 200° for a 
short period completely renewed .■ the- former activity,. .and, in one 
or two 'eases, brought about: a. slight increase in the yield of methyl- 













Percentage of methyl-amines in the, products. 
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amine over that obtained with the freshly prepared platinum. In 
one case, the original percentage of met-hylamines in the products 
was 79 ; during five hours’ use of the same catalyst, this decreased 
to 50, but, after passage of chlorine over the platinum, rose to 
86 at the same temperature and with the same concentration of 
the gases. 

Graph illustrating the changes in the products of reduction earned 
by alterations in the composition of the gas mixture. 



Volumes of hydrogen to one volume of hydrogen cyanide . 

A. Percentage of methylamine. 

B. Percentage of monomethylamine. 


At the close of the above work, the conditions were briefly 
studied, under which methylamine decomposes into hydrogen and 
hydrogen cyanide. 

Liquid monomethylamine was prepared from the hydrochloride 
and sodium hydroxide, and its vapour passed over a platinum 
catalyst, prepared as described. It was found that the dehydrogen- 
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ation, although perceptible at 220°, only proceeds with consider¬ 
able velocity above. 300°, that is, at temperatures more than 100° 
higher than the minimum required for efficient hydrogenation of 
the cyanide. This is in accordance with the general rule observed 
by Sabatier. 

Since ammonia and methane, as well as hydrogen cyanide and 
dimethylamine, 'were detected in the products, it appears probable 
that the hydrogen resulting from the dehydrogenation process 
reduces a further portion of the methylamine (compare Sabatier 
and Mailhe, Cowpt. rend., 1917, 165, 224, 309). 


Summary. 

(1) Platinum catalyses the reduction of hydrogen cyanide by 
gaseous hydrogen above 120°, readily above 180°. 

(2) The nature of the reduction products, although unaffected 
by alterations of temperature between 120° and 250°, is dependent 
on the partial pressure of the hydrogen cyanide in the gas mix¬ 
ture employed, the proportion of monqmethylamine increasing to 
a maximum as this partial pressure is decreased. The secondary 
reactions which give rise to di- and tri-methylamine are also less 
marked the lower the pressure of the hydrogen cyanide. 

If the concentration of the hydrogen cyanide in the gas mixture 
is made sufficiently small, a yield of 80 per cent, of total methyl- 
amines, and more than 70 per cent, of monomethylamine, can be 
obtained. 

(3) On continued use of a given catalyst, the yield of methyl- 
amine diminishes, and is replaced by ammonia. The original 
behaviour of the platinum is restored by treatment with chlorine. 

(4) The dehydrogenation and auto-reduction of methylamine 
only proceeds with noticeable velocity above 300° in the presence 
of platinum, and was not observed at 200°, the temperature 
employed in the majority of the experiments described in this 
communication. 

Our. thanks are. due to Professor F. Francis for, the assistance he 
gave us during this investigation. 

. Chemical Department, 

The: University, Bristol. 


[Beceived, June 12ih } 1019.] 
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LXXVII .—The Chemistry of Burgundy Mixtures . 

By Egbert Ludwig Mond and Christian Heberlein. 

Although mixtures of sodium carbonate and copper sulphate, 
generally known as “Burgundy mixtures,” have been in use for a 
number of years as a most effective agent for combating plant 
diseases of a fungoid character, the chemical reactions which take 
place when these substances are mixed in solution have hitherto not 
received much attention. 

Abegg (“ Handbueh der anorg. Chemie,” II., i, 633) states: 

Prom solutions of copper sulphate, sodium carbonate at ordinary 
temperatures gives a greenish-blue colloidal precipitate of varying 
composition, which contains absorbed alkali carbonate. With excess 
of copper sulphate the precipitate also contains basic copper sul¬ 
phate. "With equivalent quantities of the components the gel 
contains copper and carbon dioxide in the ratio 2CuO: 1C0 2 . 

If the precipitates are left with the mother liquor they become 
crystalline and change into the green, granular basic carbonate, 
3CuCO s ,3Cu (0H) 2 ,H 2 0. 

In Contact with a concentrated solution of sodium carbonate, the 
gel is transformed into Deville's blue, crystalline double carbonate, 
Na 2 C0 3 ,CiiC0 s ,3H 2 0.” 

This statement pointed to a complexity of reactions which 
required further elucidation. The fact that a colloidal solution 
was formed appeared to us to have an important bearing on the 
fungicidal properties of the material in question, and we asked 
Prof. Barker, of the University of Bristol, to investigate the rela¬ 
tive advantages of the colloidal over the crystalline state. His pre¬ 
liminary results are embodied in a very interesting paper, which 
will be published in the University's Annual Report. 

In spite of the highly significant.work which has been done by 
Pickering (T., 1909, 95, 1409) and Ravaz (“Le Mildiou,” Paris, 
Masson and Cie., 1914) on Burgundy mixture, we found the problem 
more complicated than they had assumed, and we proceeded to carry 
out our investigations on the following lines: 

(1) The main reactions between copper sulphate and sodium car¬ 
bonate were quantitatively studied with various ratios of the com¬ 
ponents. 

(2) The reaction between copper sulphate and sodium hydrogen 
carbonate was examined. 
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(3) Tiie free carbon dioxide and the carbon dioxide in the pre¬ 
cipitate were estimated, and the ratio CuO: CO.-, in the precipitate 
was determined. 

(4) The solvent action of carbonic acid was studied. 

(5) The basic sulphate was determined in various mixtures to 
ascertain the ratio CuO : S0 3 and CuO : C0 2 : SO s . 

(6) The absorbed sodium carbonate was estimated. 

(7) The causes and reactions of the change from the colloidal 
precipitate to malachite were investigated. 


(1) The Main Reactions between Copper Sulphate arid Sodium 
Carbonate. 

The mixtures were generally made at 15° by dissolving 4 grams 
or crystallised copper sulphate in 200 c.c. of water and a varying 
amount of crystallised sodium carbonate in 200 c.c. of water, and 
then pouring the two solutions simultaneously into a third beaker, 
thus avoiding any excess of one reagent over the other. The mix¬ 
tures were tested (a) with litmus paper; (6) the copper in solution 
was estimated by electrolysis; (e) a filtered portion of the mixture 
was tested directly with ferrocyanide; (d) a filtered portion, after 
boiling and filtering, was tested with ferrocyanide; (e) the free 
sodium hydrogen carbonate and the basic copper sulphate in solu¬ 
tion were titrated with iF/lO-hydroehloric acid, using methyl-orange 
as indicator ; (/) the free sodium carbonate was titrated with phenol- 
phthalein as indicator. 

The various mixtures and the results of the analyses are tabulated 
in table I. 

It will be noticed that a theoretical mixture of equivalent amounts 
of copper sulphate and sodium carbonate, namely, 4 grams of 
CuS0 4 ,5H 2 0 : 4*58 grams of hra^CO^lOILjO, although reacting 
alkaline towards litmus and methyl-orange, contains a considerable 
amount of copper in solution. A mixture with 7*38 grams of 
sodium carbonate (Pickering's mixture) contains the minimum 
amount of soluble copper. Larger amounts of sodium carbonate 
cause the formation of complex compounds containing electronega¬ 
tive copper. 

From curve 1 in Fig. 2 it will be seen that the solution is alkaline 
towards methyl-orange after a small addition of sodium carbonate, 
due to soluble, basic, copper sulphate. The curves in this figure 
show three: distinct stages. Upto 4*25 grams of sodium carbonate 
. the solution, contains, free copper sulphate .and an increasing amount 

Xj l* 
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Table I {continued). 

Percentage in solution 

Potassium Copper in Titration wit In solution in on total carbonate 

ferrocyanide. solution, JV/10-HGI. total mixture, used, ~ 100 per cent. 
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of dissolved basic copper sulphate. From 4*25 to 7*38 grams the 
dissolved basic copper sulphate falls to a minimum. The sodium 
hydrogen carbonate rises regularly from nil, and beyond 7*38 grams 
of sodium carbonate free sodium carbonate appears. 

Copper sulphate solution, as is well known, has an acid reaction, 
due to its tendency to form basic salts by hydrolysis. If the free 


Fig. 1. 



acid is neutralised by sodium carbonate, the solution will remain 
neutral or alkaline so long as the basic sulphate is kept in solution 
by.the carbon dioxide, evolved. With the gradual loss of the latter, 
'the' basic 'sulphate becomes ■.insoluble,'.'and further hydrolysis takes 
place until the solution is again acid. Further addition of sodium 
carbonate neutralises this acid, carbon dioxide is evolved, part of the 
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basic sulphate is precipitated, part of it is retained in solution by 
the carbon dioxide, and all these reactions are repeated until the 
whole of the capper sulphate is converted. The formation of basic 
copper sulphate is thus simply explained, and it is clear that a tem¬ 
porarily neutral solution can be obtained with very little sodium 
carbonate. A permanently neutral solution is obtained with 4'25 

Fig. 2. 


- A's MCO. , A/a. P CG& asm Sct-t/siz Cts - pppctprt/rr r- -- 

-/.v Spffsrr/rtG s*7/x t(//?£. oj.i/r/ost' —■/ 



grams of sodium carbonate, which is less than the theoretical amount, 
because hydrolysis performs its share in the precipitation. 

The sodium carbonate, besides neutralising, the free'acid, acts orr 
the basic sulphate, converting it partly into basic carbonate. The 
carbon dioxide thus evolved increases the solubility of the. basic 
sulphate,: .and with 4’25 .grams■ of sodium carbonate the maximum" 
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amount of free carbon dioxide and of dissolved basic sulphate is 
reached. Above 4*25 grams the excess of sodium carbonate is con¬ 
verted. into hydrogen carbonate, the amount of carbon dioxide 
decreases,, and proportionate amounts of basic sulphate are precipi¬ 
tated. At 7'38 grams of sodium carbonate all carbon dioxide has 
disappeared and the'minimum- of-dissolved basic copper sulphate is 
reached. Above 7’38 grams the solution contains also normal 
carbonate., which forms soluble complex copper compounds, as is 
shown in the rising curve of soluble copper. 

We have therefore established that the complete conversion of 
4 grams of crystallised copper sulphate is effected with 4*25 grams of 
crystallised sodium carbonate, that is, 92*8 per cent, of the theo¬ 
retical quantity. Such a mixture reacts neutral towards red litmus 
paper, faintly acid towards blue litmus (owing to the free carbon 
dioxide), and 'alkaline towards methyl-orange. If the mixture is 
filtered, the filtrate, which will contain 9*6 per cent, of the total 
copper as soluble basic sulphate, gives a heavy, red precipitate with 
ferrocyanide. This is due to the secondary action of the carbon 
dioxide, and the test is therefore misleading. If, however, the 
carbon dioxide is eliminated, either by a current of air or by boil¬ 
ing, and then the ferrocyanide test applied, no trace of copper can 
be detected in solution. 

As this mixture of copper sulphate and sodium carbonate contains 
no free copper sulphate and no free alkali, carbonate or hydrogen 
carbonate, but, on the other hand, the maximum of dissolved basic 


copper sulphate, it may be regarded as having not only the highest 
fungicide! efficiency, but also a maximum potentiality to cause 
injury to foliage. This is borne out by Prof. Barker’s experiments, 
and in the field. 

Physical examination of our mixture showed that the copper pre¬ 
cipitate, as well as the dissolved basic sulphate, is in the colloidal 
condition. The sodium sulphate mother liquor can he separated; 
from the dissolved basic sulphate by dialysis. On removal of the 
carbon dioxide the hydrosol of basic copper sulphate separates as 
well, the- reaction being easily reversible. 

As is well known, Burgundy mixture changes after a while from a 
colloidal into a crystalline condition, giving rise to a number of 
chemical reactions which will be examined hereafter. 

The addition of 0*02 per cent, of glue was found to be most 
. effective in prolonging the period during which the colloidal state 

The three micro-ntotographs illustrate the drying of a colloidal 
m ” s ' n; “ Kiaoi!t * !ue; (7) with glue; -and (c) is without glue, 

wmk -j-itk'M-';-'. - 




Colloidal. 
(B) With glue . 


Colloidal 

(A) Without glue . 


Magnified. 


Magnified 


Crystalline. 
(C) Without glue 


Magnified. 
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showing the change to the crystalline state. The sopartt»- cry's! d < 
of malachite and sodium sulphate are clearly distinguishable. 


(2) The Reaction between Copper Sulphate and Sod-imp. Hydrogen 
Carbonate. 


We found that the reaction between, copper sulphate and sodium- 
hydrogen carbonate proceeds similarly to the case- of the normal 
carbonate ; basic sulphate and basic carbonate are formed, carbon 
dioxide is set f$ee, and a similar amount of basic 'sulphate -''dis¬ 
solved. The minimum weight of sodium hydrogen carbonate for 
complete conversion is 2‘50 grams or 92'6 per cent, of the theoreti¬ 
cal . This figure is close to- the figure 92‘8 found for the normal 
carbonate, and here also the hydrogen carbonate acts not as, a direct 
precipitating agent, but as a neutralising agent. The copper pre¬ 
cipitate obtained with the hydrogen carbonate has a paler blue 
colour, it separates out sooner from the mother liquor, being less 
hydrated, and contains Cu = 2T02; C0 2 ~ 5‘67 per cent., and has a 


; ratio CuG:CO a = 2*56 :1." 


(3) 'Estimation of Carbon Dioxide in the Copper Precipitate, 
and of the Free Carbon Dioxide. 


Crystalline sodium carbonate ( 

, plus sulphuric acid ... on boiling 

4 grams of. CuSO 4 ,50*O 
4-25 grams of crystalline 
''..'sodium.-carbonate-'. 15° 



Percentage of 

Carbon 

carbon dioxide 

dioxide 

on total carbon 

, evolved, 

dioxide. 

per cent. 

™ 100 per cent. 

1ST 

100 

7-87) 
7-95 J 

Average** 32*4 

9*78 

64-8 
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Table III (continued). 

■Showing the Molecular Ratio CuO: C0 2 in the Precipitate. 
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The average ratio in a 4*25 mixture is CuO : CCX, —2*25 :1. Ex¬ 
periments 1 to 7 show that the copper precipitate, when formed, 
quickly loses carbon dioxide, the ratio altering gradually. On 
keeping the mixture in an open vessel, carbon dioxide is liberated 
by the decomposition of the basic copper carbonate and the precipi¬ 
tate becomes crystalline. It is not yet evident, however, from these 
experiments that the change of the colloidal to the- crystalline state 
is due to any alteration of the ratio- CuO: C0 2 . 

Fresh colloidal mixtures ha.ve the ratio CuO :C0 2 =--2'26 :1. 

Old crystalline mixtures have the ratio CuO : CO., = 2*94 :1. 

Old crystalline mixtures saturated with carbon dioxide-= 2‘00 :1. 

Old colloidal mixtures and glue have the ratio CuO :C0 2 = 2*461. 

(4) The Solvent Action of Carbonic A cid. 

An examination of the constitution of the dissolved basic copper 
compound present in acid, neutral, and alkaline mixtures has proved 
to ns that only basic copper sulphate is dissolved by the carbon 
dioxide-. Reference to curve 1 in Fig. 2 shows that the amount of 
copper precipitate- dissolved by carbon dioxide rises gradually to 
a maximum containing 4*25 grams of sodium carbonate, then falls 
to its lowest point at 7*38. This maximum of dissolved copper 
corresponds with 9*6 per cent, of the total copper and is equal to 
0*24 gram of copper per litre in a) 1 per cent, mixture. By saturat- 

Table IY. 


Time. 

Mixture 1 
without gJue. 
Soluble copper 
per litre. 

Gram. 

Mixture 2 
with glue. 
Soluble copper 
per litre. 
Gram. 

After mixing .... 

0-26 

0*30 

I hour .. 

.... _ 

0*22 

2 hours .. 



4 „ . 


„ . 

1 clay .. 

0-22 

0-22 

3 days .. 

0-22 


3 „ .. 


■ _™' 

5-. '. '. 

0*16 

■ ^ 

6 „ . 


0*16 

7 . 

010 

. _ _ 

9 , . 

(precipitate begins 
to change) 

9*06 

0-10 

10 . 

0*06 


11 „ . 

0*06 

0*10 

13 „ . 

. 0*02 

0*10 

14 „ .......... 

0*90 


16 „ .. 


0*06 

20 „ .. 


0*02 

22 „ .. 


0*01 

24 „ .. 


nil 
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ing such a mixture with carbon dioxide the amount of soluble 
copper can be raised to 0*36 gram per litre. On the other hand, a 
mixture of 4 grams of crystallised copper sulphate and 8*5 grams of 
crystallised sodium carbonate containing 0*04 gram of copper per 
litre on being saturated with carbon dioxide shows scarcely any 
more soluble copper (0*06 gram per litre). The amount of basic 
copper sulphate in such a mixture being very small, the carbon 
dioxide finds little to dissolve, thus affording further proof that the 
copper carbonate is not dissolved by the carbon dioxide. 

If an ordinary mixture, containing 4*25 grams of crystalline 
sodium carbonate, is allowed to remain in an open vessel, carbon 
dioxide is gradually evolved, and the amount of dissolved basic 
copper sulphate decreases in proportion. Table IY (p. 918) illus¬ 
trates this. 

After fourteen days an ordinary mixture containing 4*25 grams 
of crystalline sodium carbonate shows no more soluble copper and 
the precipitate lias all turned to malachite. A. similar mixture with 
0*02 per cent, of glue loses its soluble copper more slowly, and after 
twenty-four days is still blue and colloidal. 


(5) The Basic Sulphate in the Copper Precipitate. 
Table Y. 


Mixture. 

Sulphur in 
precipitate on total 
sulphur in 
mixture, =100 

Copper 

precipitated. 

Molecular 

ratio, 

CuSO,„ 

Ya„CO,. 

SHjjO 

10H..O. 

per cent. 

Per cent. 

CuO : SG 3 , 

4 ' 

0*2688 

2-10 

6*25 

2*8 : 1 

4 

0*5375 

3*7 

12*5 

3*2 : I 

4. 

3,*075 

6*9 

25*0 

3*5; 1 

4 

2*15 

14*7 

50*0 

3*2 : 1 

4 

3*2256 

22*4 

75*0 

3-3 : 1 

4 

3*7632 

21-5 

87*5 

4*0 ; 1 

4 

4*0320 

17*1. 

93*75 

5*3 : 1 

4 

4*30 

6*3 

100*0 

J 5*0 : I 

4 

5*375 

4*3 

100*0 

22*4.1 

4 

6*45' 

3-2 

100*0 

30*9 ; 1 

■ ' 4 

8*60 

0-75 

100*0 

126*0 : 1 

4 

4*30 

10*10 

100*0 

9-6 : 1 


(precipitated at 80°) 

Basic sulphate is found in every mixture. With small amounts of 
sodium carbonate, more basic sulphate is found than basic carbon¬ 
ate. With an increasing amount of sodium carbonate the ratio 
CnO: SOo keeps fairly constant for a time. The ratio in our mix¬ 
ture is To : L' Whereas the ratio CuO: C0 2 shows little difference in 
varying, mixtures,., the ratio. CuO :S0 3 alters greatly in mixtures 
containing an excessive amount of sodium carbonate, and the SO s 
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disappears almost completely in a mixture containing 8'6 grams of 
sodium carbonate. 

Treatment with saturated, aqueous carbon dioxide decreases the 
S’0 3 in the precipitate, and sodium hydrogen carbonate dissolves 
the SO s completely. 

The ratio CuO : S0 3 in the soluble basic copper sulphate was found 
to- be 3 "5 :1. 

(6) Estimation of the Absorbed Sodium Carbonate in the 
Copper Precipitate. 

On examining the titration figures in table I it will be noticed 
that the amount of sodium carbonate and hydrogen carbonate found 
in solution of the mixtures with an excessive amount of sodium 
carbonate ranges from 4*5 to 7‘8 per cent, below the amount calcu¬ 
lated. This can only be accounted for by its being absorbed by the 
precipitate. A direct estimation of the alkali in the precipitate 
was made and the above figures were confirmed. 

Table YX. 

Na 2 CO s in precipitate 
. on total soda 

used, =100 

Mixture per cent. 

4 grams of CuS0 4 ,5H 3 0 + 4*25 

grams of Na 2 CO 3 ,10H 8 O ... 4-0 

4 grams of CuS0 4 ,5H».0 ~f- 4-25 

grains of Na a CO s ,10H 2 O with glue 4-1 

4 grams of CuS0 4 ,5H 2 0 + 8*5 

grams of Na 2 CO 3 ,10H £ O ... 6-8 

(7) Causes of the Change from the Colloid to Malachite. 

Our experiments suggest that the colloidal state of the precipitate 
is dependent on the presence therein of sodium carbonate. 'The 
absorbed alkali is given up after some time and passes into solution, 
wherein it can be titrated.* The presence of an excessive amount of 
sodium carbonate in solution prevents this; a copper precipitate 
washed completely and stirred with sodium carbonate solution main¬ 
tains its colloidal state indefinitely. 

For the same reasons spraying mixtures with free sodium carbon¬ 
ate in solution (mixtures with more than 7'38 grams of sodium 
carbonate) retain the colloidal condition. Glue seems to act in a 
similar protective way. 

Free carbon dioxide and sodium hydrogen carbonate destroy the 

* When the maximum amount of free alkali in solution is reached, the 
change of the colloidal precipitate to the crystalline begins'to-be visible.' 


Mol. ratio ' 
CuO : Na a C0 lt 
in precipitate. 

73-5 ; 1 

75*3 ; 1 

44*4 : 1 
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colloidal compound, the former acting on the absorbed sodium car¬ 
bonate, forming hydrogen carbonate, the latter acting on the 8C ; ,- 
groiips, thus decomposing the compound. 

A mixture containing 4*25 grams of crystallised sodium carbonate 
kept in an open vessel at 15° changes to malachite in seven days. 
Acid mixtures with less so-dium carbonate or alkaline mixtures with 
less than 7"38 grams of sodium carbonate change sooner. 

The presence of glue in every case retards the change. 


Conclusions. 

(1) On mixing copper sulphate with sodium carbonate solution 
three distinct copper compounds are formed: (a) Insoluble hydrated 
basic copper carbonate, which forms the bulk of the precipitate; 
(6) insoluble hydrated basic copper sulphate; and (c) soluble basic 
copper sulphate. Complete conversion of copper sulphate into these 
salts is obtained when for 1 molecule of copper sulphate O'93 mole¬ 
cule of sodium carbonate is added, or for 4 grams of crystallised 
copper sulphate, 4'25 grams . of crystallised sodium carbonate 
(Na 2 CO s ,10H 2 O). 

(2) Judging by the results obtained, there appears to be no well- 
defined compound of copper, the composition altering according to 
conditions of precipitation. All the copper compounds are subject 
to rapid changes, the basic copper carbonate losing .carbon dioxide 
and the dissolved basic copper sulphate soon becoming insoluble. 

(3) A 1 per cent, mixture of 4 grams of copper sulphate and 
4*25 grams of crystallised sodium carbonate made at 15° gives 

(a) Basic copper carbonate containing CuO and C0 2 in the ratio 
2 - 2 : 1 . 

'(b) Insoluble basic copper sulphate containing CuO and S0 8 in 
the ratio 15:1. 

(c) Soluble basic copper sulphate equal to 9*6 per cent, of the 
total copper present. 

(4) On making the mixture at 15° free carbon dioxide is evolved, 
equal to 52’4 per cent, of the total carbon dioxide present in the 
sodium carbonate. ■ 

(5) At a higher temperature more carbon dioxide is evolved, 
until on reaching boiling point all carbon dioxide is expelled and 
the copper precipitate is converted into black copper hydroxide. 

(6) The amount of basic copper sulphate formed is dependent on 
the amount of sodium carbonate used, and decreases as the latter is 
increased. 

■ (7) The free carbon dioxide acts as a solvent .on the basic copper 
sulphate only, not on the basic copper carbonate. 
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(8) The maximum of soluble basic copper sulphate is obtained 
in a mixture of 4 grams of copper sulphate and 4*45 grams of 
crystallised sodium carbonate for the reason that this mixture gives 
the maximum of free carbon dioxide. 

(9) With larger amounts of sodium carbonate free carbon dioxide 
is neutralised to form sodium hydrogen carbonate. 

(10) A mixture with 7*38 grams of crystallised sodium carbonate 
contains no more free carbon dioxide, and therefore a minimum of 
soluble basic copper sulphate. 

(11) The copper precipitate at 15° contains absorbed sodium 
carbonate in the ratio CuO : Na 2 G0 3 = 74 :1. 

(12) The -whole of the copper precipitate is at first colloidal. After 
a short or long period, according to the temperature and the ratio 
of the ingredients in the mixture, the gel changes to the crystalline 
state, 

(13) Addition of 0'02 per cent, of glue prolongs the life of the gel. 

(14) Presence of free copper sulphate, or sodium hydrogen car¬ 
bonate, or carbonic acid in the mixture accelerates the change of 
the colloidal to the crystalline state, whereas normal sodium carbon¬ 
ate helps to maintain the colloidal condition. 

(15) The dissolved basic copper sulphate is in the form of 
hydrosol.' 

(16) The colloidal state of the precipitate appears to be conditional 
on the absorbed sodium carbonate. 

(17) This absorbed sodium carbonate is found in the solution 
after some time, whereupon the change of the colloid to the crystal ¬ 
line begins to be> visible. 

(18) Changes in the sulphur content of the copper precipitate also 
take place during the change of the colloid to the crystalloid. 

(19) The crystalline precipitate contains less carbon dioxide than 
the colloid. The ratio of CuO :C0 2 in old crystalline precipitate is 
found to be 2'94:1. 

From the results: obtained in this research it is apparent that the 
chemistry of “Bungundy mixture” is of a much more complex, 
hatuf© than previously suspected, and there are a number of ques¬ 
tions which have to be further elucidated. The nature of the colloid 
solution and the conditions of its formation and change to the 
crystalline state await further investigations, and the influence pro¬ 
duced by small quantities of glue indicates the importance of making 
further experiments with similar colloids. 1 

Mohd Niokbl Co. Resbaboh Laboratory. 

. iJ&ece/wed, April 6$, 1919,1 
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LXX.VIIL —Examination of the Bark of Croton gubouga. 
Isolation of 4 -Hydroxyhygric Acid . 

By John Augustus Goodson and Hubert William Bentley 
Clewer. 

Groton gubou-ga, S. Moore, is a small tree growing on the low veldt 
in the Eastern Transvaal near the Sabi and Selati rivers. The bark 
of the tree lias a considerable local reputation among the natives as 
a remedy for malaria, and both the seeds and the bark have been 
used by Captain Maberley in conjunction with opium in the treat¬ 
ment of malarial fever (Lancet, 1899, 157, 874). 

A preliminary examination of the bark and the seeds has been 
made by Mr. H. H. G-reen, B.Sc., in South Africa (private com¬ 
munication), who found that the ground bark caused purgation and 
emesis in dogs, but that rabbits were less sensitive to its action, 
although in doses of 1 gram per kilogram of body-weight it induced 
diarrhoea. In human beings administration of the bark according 
to Mr. Green causes an intense burning sensation in the throat, 
salivation, and slight nausea, with, in some cases, a slight laxative 
effect. The seeds exert a similar action. Mr. Green further 
observed that the acrid substance to which these effects are ascribed 
is extracted to some extent by hot water, and readily by ether. 

The bark has also been examined by Greenish (Pharm. J 1918, 
101, 289), who found that the acrid constituent was largely ex¬ 
tracted by hot light petroleum as well as by ether, chloroform, or 
alcohol. 

For the material used in the present investigation the authors are 
indebted to Mr. I. B. Bole Evans, Chief of the Division of Botany, 
"CJnion of South Africa. 

The bark had a slight but not unpleasant odour. Dust from the 
ground bark caused sneezing and produced a burning sensation in 
the throat and on the tongue. It has not been possible to isolate 
the acrid constituent to which the irritant properties of the bark 
are due, in a form suitable for investigation, and it is possible that 
the seeds, which it is hoped to examine shortly, may prove more suit¬ 
able for this purpose. The present paper deals chiefly with an 
acid isolated from the bark, which has proved to be a new optically 
active hydroxyhygric acid. 
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Preliminary E xa minaU on-. 

When extracted with Prollius’ fluid the ground bark yielded a. 
trace of alkaloid and furnished the following percentages of extract 
when exhausted in a Soxhlet apparatus with solvents in the order 
named: petroleum, (b. p. 35—60°), 3; ether, O'7; chloroform, 
0*3; ethyl acetate, 0'8j alcohol, 4'3; total, 9*1. 

Petroleum, Extract.— This extract, on treatment with ether, left 
only a trace of insoluble matter. The solution yielded only traces 
of material to aqueous solutions of ammonium and potassium car¬ 
bonates, but potassium hydroxide solution extracted a quantity of 
brown potassium salt, from which fatty acids (4), equivalent to 
21 per cent, of the original extract, were recovered. 

The solution left after the removal of the fatty acids contains the 
acrid constituent of the bark, but the authors have not yet been 
able to isolate this in a condition suitable for investigation (com¬ 
pare Greenish, loc. cit.). Hydrolysis, by alkalis, as described below, 
destroyed this acrid constituent. 

The neutral material was hydrolysed by boiling for one hour with 
potassium hydroxide in alcoholic solution, after which the solution 
was concentrated, mixed with water, and extracted with ether to 
remove unsaponifiable matter. This, amounting to 20 per cent, of 
the original extract, included only a trace of hydrocarbon, or higher 
aliphatic alcohol, and consisted of semi-solid matter, from which a 
phytosterol Was isolated, which gave a well-marked LieBermaim 
reaction and on acetylation yielded a substance melting at 117°, 
probably a mixture of acetyl derivatives. 

The remaining alkaline liquid was acidified with sulphuric acid, 
and the mixture distilled in a current of steam, when a yield of 
about 3'4 per cent, of volatile acids was obtained. The distillate 
was dissolved in an excess of barium hydroxide solution, the excess 
of baryta removed by carbon dioxide, and the filtrate concentrated. 
On adding silver nitrate solution to this liquid, silver was immedi¬ 
ately precipitated; moreover, the solution instantly decolorised .per¬ 
manganate, indicating the presence of formic acid. On further 
concentration a quantity of a sparingly soluble barium salt sepa¬ 
rated. This was removed and converted into the acid, which was 
then dissolved in a slight excess of sodium hydroxide, and a silver 
salt prepared: 

0-0413 gave 0-0178 Ag. Ag=43T. 

C 8 H 15 0 2 Ag (silver n-octoate) requires Ag~43’0 per cent. 

The aqueous solution of the barium salts from which the above- 
described acid was separated still contained formic acid, and in 
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order to remove it, the solution was acidified, shaken with ether, 
and the ethereal solution well washed with water. In this way a 
further quantity of acid was obtained, which was fractionally con¬ 
verted into silver salts and the five fractions obtained were ana¬ 
lysed : 

1. 0-1315 gave 0-0665 Ag. Ag = 50-6. 

2. 0*1817 „ 0-0934 Ag. Ag = 51*4. 

3. 0-1448 „ 0-0744 Ag. Ag = 51'4. 

4. 0-0951 „ 0-0490 Ag. Ag = 51*5. 

5. 0-0273 „ 0-0141 Ag. Ag = 5T7. 

C a H 9 0 2 Ag (silver valerate) requires Ag = 51'6 per cent. 

The volatile acids present in the plant appear, therefore, to 
include formic, valeric, and u-octoic acids. 

The acid liquid which had been distilled in a current of steam 
was extracted with ether, and the dark-coloured residue digested 
twice with petroleum. This left undissolved a dark-coloured, 
amorphous, resinous substance. The solution when concentrated 
gave a 23 per cent, yield of fatty acids, which were mixed with the 
21 per cent, of free acids (.4) previously obtained (see above). The 
acids were converted into lead salts, which from their behaviour 
appeared to be a mixture of lead salts of saturated and unsaturated 
fatty acids. 

Ethereal Extract .—This consisted of a dark green resin, which on 
digestion with ether left a quantity of a light coloured substance 
undissolved. This was almost insoluble in the usual organic sol¬ 
vents except pyridine, from a dilute solution in which it separated 
in microscopic crystals melting at about 250° and giving the Lieber- 
mami reaction, whence it appeared to be a phytosterolin. The 
ethereal solution was then extracted first with water, removing 
about 10 per cent, of the extract, and finally with potassium hydr¬ 
oxide solution, which extracted 36 per cent, of acidic resin, leaving 
neutral resin; none of these yielded any crystalline material. 

Chloroform and Ethyl Acetate Extracts .—-These extracts con¬ 
sisted of amorphous resins. From the chloroform extract there 
separated gradually a fawn-coloured material, which was not 
obtained crystalline, nor could a crystalline acetyl derivative be 
prepared from it. 

Alcoholic Ex tra ct.—dAxis extract was redissolved in al eohol and 
water added, which precipitated a quantity of a nearly black tar. 
The clear liquid was treated with an excess of basic lead acetate, the 
precipitate filtered off, and the lead removed from the precipitate 
and filtrate by means of hydrogen sulphide in the usual way. The 
concentrated liquid from the former gave a nearly black colour with 
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ferric chloride and contained tannin. The concentrated filtrate was 
evaporated to complete dryness, and finally digested on the water- 
bath with nine successive portions of about 50 e.c. each of absolute 
alcohol to separate the large quantity of reducing sugars present. 
Each fraction was poured from the syrupy residue while hot, and 
when cold, again poured from a small amount of separated syrup, 
which was returned to the larger bulk. Crystals separated from 
each fraction when kept, but only a small quantity from the last. 
The whole amount of crystalline matter accumulated weighed about 
6 grams. This substance proved to be A-hydroxyhi/yric add, an 
optically active acid not previously described. 


Examination of the Acid. 

To obtain sufficient material for the identification of the acid, 
further quantities of the bark were extracted, when the following 
varying percentage yields were obtained: 0’41, 0*21, and 0*25, 
amounting in all to 16*35 grams of crude acid. 

Til© product may be readily purified by boiling its solution in 
water with animal charcoal, repeatedly concentrating the filtrate 
under diminished pressure with additions of alcohol, until the pure 
acid separates from the hot solution in colourless needles or prisms, 
which contain varying amounts of water of crystallisation, thus: 

I. 0*1986 lost 0*0170 at 110°. H 2 0 = 8*56. 

II 0*2108 „ 0*0108 „ 110°. H 2 0 = 5*13. 

Although the acid is very readily soluble iu water it may be 
crystallised from that solvent. 7*05 Grams of substance were dis¬ 
solved in water, and the solution was concentrated until, about 
4*5 grams of water remained. The solution was seeded and allowed 
to remain overnight,' when 1*25 grams of the acid had separated in 
crystals, which appeared to be truncated prisms. .These crystals, 
after being dried in the air, were found to contain one molecule of 
water: 

0*2035 lost 0*0220 at 110°. H 2 O=10*8. 

GgHnOgNjHgO requires H 2 0“ 110 per cent. 

I. 0*1324 * gave 0*2402 C0 2 and 0*0938 H 2 0, 0 = 49*5; H = 7*0. 

II. 0*1090 * „ 0*1976 C0 2 „ 0*0778 H 2 0. 0 = 49*5; H = 8*0. 

0*1474 gave 12*6 c.c. N 2 at 17° and 746 mm. N = 9*7. 

c sHii° 3 N requires C = 49*6; H = 7*6; N = 9*7 per cent. 

Methoxyl estimation: 0*1751 gave no Agl. MeO = 0. 

N -Methyl estimation: Q'l7$l „ 0*2430 Agl. NMe=17*2. 

C.-H s 0 3 N«CH 3 requires NMe = 20*0 per cent, 

* Dried at 10f>° 
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Tlx© acid decomposes with effervescence at 242°, possesses little 
if any taste, is acid to litmus, but cannot be titrated, is not hygro¬ 
scopic, and is optically active. 

The specific rotatory power was determined in water of (a) a speci¬ 
men of the acid crystallised from alcohol and containing H 2 0 — 513, 
and (b) a specimen crystallised from water and containing H 2 0 = 
10*8 per cent.: 

(a) c = 4*9910, ?= 1-dcm., a D -4*02°; [a] D -80*5° or [a] D -84'9° 
for the anhydrous substance. 

(/>) c = 5*2300, Z = l-dcm., -3*98°; [a] n -76*2° or [a] D -85*4° 

for the anhydrous substance. 

It gives a strong pyrrole reaction, and dissolves copper oxide with 
the formation of a copper salt. A quantity (0*2 gram) of the sub¬ 
stance was dissolved in water, and the solution boiled for several 
hours with an excess of powdered copper oxide, the excess of copper 
oxide filtered off, and the filtrate concentrated. Blue prisms sepa¬ 
rated, which were dried on a porous tile, washed with 70 per cent, 
alcohol, and dried in the air : 

0*1021 lost 0*0200 at 110°. HoO = 19-6. 

C J2 H 20 G (I N 2 Cu, 4H 2 O requires H 2 O = 17*0.; C 12 H 20 O«N 2 Cu,5H 2 Q 
requires H 2 O = 20'4. 

0*0669 (anhydrous salt) gave 0*0146 CuO. Cu = 17'4. 

Cj 2 H 20 O 6 N 2 Cu requires Cu = 18*l per cent. 


Constitution of the Acid from Croton gubouga Bark. 

The evidence already given indicates that the substance is a 
4-bydroxy-l-inethylpyrrolidine-2-carboxylic acid (4-hydroxyhygric 
acid). Two such compounds have been synthesised by Leuchs and 
Falser 1908,41,1726), namely, two optically inactive forms of 

4-hydroxy-l-methylpyrrolidine-2-carboxylic acid. A comparison of 
the principal properties of these acids with that from C. gubouga 
bark is given in the following table: 


Formula. 

Acid from Croton 

Wp* . M.p. 

Reaction. 

Taste. 

bark . O e H u O s N. 

-85*4° 242° 

faintly 

l ittle or no 

a - 4 - Hydroxy - I - 
mefchylpyrvol- 
idine-2-carboxylic 


acid. 

taste. 

acid... C 8 H u 0 3 N 

inactive. 207-208° 

neutral. 

marked 

sweet. 

6 > 4 - Hydroxy - 1 - 
methylpyrro 1 
id ine-2-carboxylic 



taste 

acid . t O a N 

inactive. 226-227° 

, faintly 
acid. 

sweetish 
: ■.. insipid ■; 
taste,' 
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Comparison of the specific rotations of the closely related pyrrol¬ 
idine derivatives indicates that in all probability this acid from 
Croton bark is 4-hydroxyhygric acid ( y -hydroxy -Y~m etliylprol ine): 


CH.-CH. 


CH„ CIi*CO s H 

\> 


NH 


Z-Proline (natural) 
(Fischer), [a],, —77-4°. 


ch 2 *ch 2 

OH 2 CH-COJH 

\/ 

NMe 


Hygric acid; active 
form does not appear to 
have been isolated. 


CHjfCH, 

i i* 

Ch 2 Cfl-CO 

\/ I 

NMe.,"0 


Z-Stachyclrine (natural), 
[«]„ of hydrochloride 
— 26-5° (Y osb imura 

and Trier). 


HO-CH—CHg 

6h 2 ch-co 2 h 



Z-Hy dr oxy proline 
(Fischer), [«]„ -8M° 
(natural) (Leuchs 
and Brewster), 
[«]d -76-3° 

. (synthetic). 


HO-CH—CH 2 
i i* 

ch 2 oh*co 2 h 

\/ 


NMe 


HO-CH— CH 2 
CH, CH'CO 

\/ I 

NMe„-0 


Formula suggested ^-————, 

for acid from Orofcon Betonicine Turicine 
bark, [a]„ -85-4° hydrochloride, (natural), 
(natural). [«]„ —24*79° hydrochloride 

(natural); [a]„ +24*65°. 
hydrochloride, 

[«]„ -24*1° 

(synthetic). 


(Kiing and Trier). 


Leuchs and Brewster ( Ber 1913, 46, 986) have synthesised 
Z-hydroxyproline, and Kiing ( Zeitsch . physiol. Ghem., 1913, 85, 217) 
on methylating this substance obtained a mixture of the betaines, 
betonicine and turicine. If, therefore, the acid from Groton 
guhouga bark is in reality 4-hydroxyhygric acid it should in like 
manner, on methylation, give betonicine and turicine. Kting’s 
method of methylation, with slight modification, was adopted, and 
resulted in the production of a mixture of betonicine and turicine, 
thus proving the acid to be 4-hydroxyhygric acid. 

Kiing (loc. cit .) has pointed out that turicine and betonicine are 
not enantiomorphs. When Z-hydroxyproline or Z-hydroxyhygric acid 
is methylated, using methyl iodide and alkali* it is probable that 
racemisation occurs and that one of the carbon atoms only, namely, 
that attached to the carboxyl group, is concerned in the racemisa¬ 
tion. It will'be interesting to see whether optically active hygric 
acid, which so far does not appear to have been obtained, and will 
only possess one asymmetric carbon atom, will yield on methylation 
two stereoisomeric betaines. 

It seemed possible that methylation of the hydroxyhygric acid 
mighh he accomplished without racemisation if the use of alkali were 
avoided, and so evidence might be secured as to which, of the 
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betaines, betonicine or turicine, corresponds with Z-hydroxyproline 
and 4-liydr oxyhy gric acid. It was hoped that by passing hydrogen 
chloride into boiling methyl alcohol containing 4-hydroxyhygric acid 
the methyl ester would first be formed, and would pass into the 
corresponding betaine, thus : 

HO-CJH—0H S HQ-CH—0H 2 

6h 2 6 H-CO„H ^ OH. OH-COJde 

\/ ' \/ 

NMe NMe 


HO-CH—OH, 

i i 2 

gh 2 ch-go 

\/ I • 

NMe-G 


It is probable that the ester was formed, but was rapidly hydro¬ 
lysed, since on treating the hydrochloride with silver oxide the 
original 4-hydroxyhygric acid was recovered unchanged. 


Methylation of the Acid. 

A preliminary experiment was carried out, using 1 gram of the 
acid, which was dissolved in a mixture of 2 c.c. of water and 20 c.c. 
of methyl alcohol. Five c.c. of a solution of 6 grams of potassium 
hydroxide in 100 c.c. of methyl alcohol, and a like quantity of a 
solution of methyl iodide in methyl alcohol (3 grams in 20 c.c.), 
were added alternately 1 c.c. at a time. As the solution remained 
alkaline, a further 5 c.c. of the methyl iodide solution were added, 
and the mixture boiled on a water-bath for half an hour. One c.c. 
of methyl iodide was then added and sufficient methyl-alcoholic 
potassium hydroxide to render the liquid alkaline. The solution 
was boiled for about twenty minutes and made alkaline, again 
boiled for five minutes and made alkaline, and the operation 
repeated until the alkalinity persisted. The alcohol was distilled 
off, the residue dissolved in water, the solution mad© slightly acid 
with hydrochloric acid, and boiled with excess of silver chloride. 
The silver iodide and excess of silver chloride were filtered off, and 
the filtrate evaporated to dryness under diminished pressure. The 
residue was treated with absolute alcohol and again evaporated to 
dryness. The dry residue was extracted with five small quantities 
of boiling absolute alcohol; the first three of which removed all but 
traces of the hydrochlorides of the betaines. The alcohol was dis¬ 
tilled off and the rotation of the residue determined, using water as 
solvent (c = 6-4-275, Z=l-dcm., cq, +0*075°; [a] D +1*2°). 
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This result indicated tliat the metliylation had proceeded as 
expected, and that a mixture of turicine and betonicine hydro¬ 
chlorides in about equal amounts had been produced. 

Kiing and Trier (Joe. cit.) pointed out the difficulty of sepa¬ 
rating turicine and betonicine by fractional crystallisation of their 
hydrochlorides, and recommended for this purpose the free bases. 
This the authors are able to confirm, since on dissolving the mixed 
hydrochlorides having [a] D +1*2° in absolute alcohol, concentrating 
and allowing to crystallise, 0‘667 gram of a mixture of rosettes of 
needles, and rosettes of plates was obtained which gave [a] D + 3° 
(c = 3*335, Z = l-dcm., a D + 0*10°), and on further recrystallisation a 
mixture of crystals amounting to 0*456 gram and having [a] D + 5*0° 
(c.=2*280, 7 = l-dcm., a D 0*115°) was obtained. The various solu¬ 
tions were united, the alcohol was removed by distillation under 
diminished pressure, and the free bases were liberated by treating 
the aqueous solution with excess of silver oxide. The silver chloride 
and excess of silver oxide 1 were filtered off, the filtrate was concen¬ 
trated, absolute alcohol added, and the solution again concentrated, 
this operation being repeated until crystals separated out on cool¬ 
ing. 0*137 Grain of substance crystallised in long prisms, which 
had a sweet taste, decomposed at 250° with frothing, and gave 
[«] D +21*2° (c = 2*6400, Z = l-dcm., ct D +0*58°). 

Five grams of the acid were then methylated as described above 
with slight modifications. The same proportions of methyl iodide, 
methyl-alcoholic potassium hydroxide and acid were used, but the 
solutions were more concentrated. The alcoholic solution of the 
mixed hydrochlorides from the extraction of the dried mixture of 
potassium chloride and betaine hydrochlorides was kept overnight 
to separate as much potassium chloride as possible. When the hydro¬ 
chlorides had been converted into bases by treating their aqueous 
solution with silver oxide and the silver chloride and undissolved 
excess of silver oxide removed by filtration, hydrogen sulphide was 
passed through the solution of the bases to remove any silver in 
solution. The solution of the betaines was concentrated to low bulk 
under diminished pressure, alcohol added, and the solution again 
concentrated; this operation was repeated until crystallisation set 
in on cooling. From the mother liquor two further crops were 
obtained on concentration. 

Crop 1 consisted of nearly pure turicine, amounting to 1*7 grams. 
The air-dried substance was examined polarimetrically in water : 
e = 2*5330, 7 = l-dcm., +0*87°; [a] D +34*3°. 

On recrystallisation until the optical rotation was constant, the 
value [a] D +40*9° was obtained for the anhydrous substance. 
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Crop II weighed 1*2 grams and was a mixture : 

e = 2*5840, 2 = 1-dcm,, <x D -0*48°; [a]. D -18*6°. 

Crop III , weighing 1*06 grams, was also a mixture: 

c = 2'6180, l — 1-dem., a D — 0*41°; [a] B —15*7°. 

Crops II and III were united, converted into hydrochlorides, dis¬ 
solved in absolute alcohol, and the solution was concentrated, when 
1*45 grams of nearly pure betonicine hydrochloride crystallised out: 
c* = 3*3765, l = 1-dcm., a D -0*75°; [a] D -22*2°. 

As it was found difficult to remove all traces of potassium chloride 
from the betonicine hydrochloride, and it was not possible to obtain 
a higher value than [a] D —22*9° on recrystallising this particular 
specimen, a further methylation of the acid was tried with good 
results, using sodium hydroxide instead of potassium hydroxide; 
with this difference, 3*9 grams of the acid were methylated as in 
the previous experiment; 1*2731 grams of crude turicine were 
obtained as a first crop : 

c = 6*3655, l — 1-dcm., a v +2*25°; [a] D +35*3° for the anhydrous 
substance. 

The bases in the mother liquor were converted into hydrochlorides, 
and crystallised from absolute alcohol; 1*322 grams of nearly pure 
betonicine hydrochloride were obtained, having [a] D — 22*7° ( c— 
6*6100, 2 = 1-dcm., a D —1*50°). This was recrystallised until its opti¬ 
cal rotation remained constant, the highest reading being 
[a] D -24*8° (c = 3*5900, 2= 1-dcm., a D -0*89°). 

'The bases in the mother liquor from the betonicine hydrochloride 
<[«] D — 22*7°) were regenerated by treatment with silver oxide. On 
crystallisation from alcohol a further 0*4012 gram having 
[a] n + 4*0° 0 = 2*0060, 1= 1-dcm., a B -f 0*08°) was obtained. 

The formation of a mixture of turicine and betonicine by the 
methylation of the acid from Croton- gubouga bark leaves no doubt 
that the acid is 4-hydroxyhygric acid, as formulated on p. 928. 


Properties of Turicine . 

Turicine crystallises from alcohol in flat prisms containing one 
molecule of water of crystallisation, which it rapidly loses in a 
vacuum desiccator. It is neutral to litmus, is not hygroscopic, has 
a sweet taste, and gives an intense pyrrole reaction. The anhydrous 
substance decomposes with frothing at 260°, as did a specimen 
kindly supplied by Prof. A. Kung; the decomposition point was not 
depressed on mixing the two specimens. The hydrated substance 
commenced to melt at about 249°, but finally decomposed with 
frothing at 256°. Prof. Kiiug’s specimen, and a mixture of the 
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two, behaved in the same way. (Found, H 2 0== 10*59; 
C 7 H 13 0 3 N,H 2 0 requires H a O = 10*17. Found, C = 52*7~; H = 8*3. 
C 7 H 13 0 3 N requires C = 52*8; H —8*2 percent.) 

The specific rotations of three specimens of the anhydrous sub¬ 
stance were determined in water: 

X. e = l*8065, Z = 1-dcm., a D +0*75°; |>] D +41*5°. 

II. c = 1*3950, Z —1-dem., + 0*57°; '[>]„ +40*9°. 

III. c* = 2*0980, l = l-dcm., a D +0*85°; [a] D +40*5°. 

Kiing and Trier give [o] D +36*26° for the hydrated betaine corre¬ 
sponding* with [ajj, +40*4° for the anhydrous substance. 

Turicine Hydrochloride .—This was prepared from the pure base. 
When crystallised rapidly from absolute alcohol it separated in 
needles, but when allowed to crystallise slowly, six-sided tablets 
were obtained. It is acid to litmus, and decomposes with frothing 
at 224° ; Kiing and Trier give 222° and 223° as the melting and 
decomposing point. Its specific rotation was determined in water. 
c = 2*8000, Z = l-dcm., a D +0*72°; [a] D +25*7°. Kiing and Trier 
give [a]jj +24*65°, and state that.turicine is not hygroscopic, but the 
authors are of the opinion that it is slightly hygroscopic. 

Turicine aurichloride was obtained by adding gold chloride solu¬ 
tion to a concentrated aqueous solution of turicine hydrochloride. 
The crystals, which separated rapidly, were collected, dissolved in 
hot water, and the solution was allowed to cool, when the double 
chloride crystallised in clusters of yellow prisms. The decomposition 
point was determined in the same bath with a specimen of turicine 
aurichloride kindly supplied by Prof. Kiing, and a mixture of the 
two specimens; the decomposition with frothing occurred in each 
case at 230—232°. Kiing and Trier give the melting and decom¬ 
posing point as 232°. (Found, Au = 39*0; 0 7 H 18 O 3 N,HAtiOI 4 
requires Au = 39*5 percent.) 

Properties of Betonicine. 

The free base was obtained from the pure hydrochloride by treat¬ 
ing with silver oxide. It crystallises anhydrous from, alcohol in 
short, four-sided, truncated pyramids, is more readily soluble in 
alcohol than turicine, has a sweet taste, is neutral to litmus, and 
gives an intense pyrrole reaction. Kiing and Trier state that it is 
not hygroscopic, and that it melts and decomposes at 243-—244°; 
the purest specimen obtained by the authors was slightly hygro¬ 
scopic and decomposed with frothing at 252°, (Found, C —52*7; 
H = 8*5. C 7 H 13 0 3 N requires C—52*8; H=8*2 per cent.) The specific 
rotation was determined in water: 

e=£ 3*5050, Z==l-dcm., a D -1*23°; [a] c -35*1°. 
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Iviing and Trier give [a] 0 — 36'6°. 

Betonicine hydrochloride crystallises from absolute alcohol in 
needles or prisms, which, after drying at 105°, decompose with froth¬ 
ing at 227°; a specimen supplied by Prof. Kiing, which was slightly 
coloured, after drying at 105°, decomposed with frothing at 224°; .a 
mixture of the two specimens decomposed at an intermediate tem¬ 
perature. Kiing and Trier give the melting and decomposing point 
as 222—223°. The hydrochloride is not hygroscopic and is acid in 
reaction. The specific rotatory power was determined in water: 
c = 3-5900, Z = l-dcm., a D -0*89°; [a] D -24*8°. 

Iviing and Trier give [a] D —24*79° for natural betonicine hydro¬ 
chloride, and Kiing [a] D — 24*1° for his-synthetic product. 

Betonicine A urichloride .—To a concentrated solution of beton¬ 
icine hydrochloride a solution of gold chloride was added. There 
was no immediate separation of crystals as in the case of turicine 
hydrochloride. The solution was accordingly concentrated and, on 
cooling, four-sided, yellow plates crystallised out. When redissolved 
in hot water and kept, clusters of yellow tablets were obtained. The 
substance decomposed with frothing at 230—232°, the same tem¬ 
perature as a specimen supplied by Prof. Kiing, and a mixture of 
the two specimens also decomposed at this point. (Found, 
Au —39’2. C 7 H ls O s N,HAxiCl 4 requires Au = 39*5 per cent.) 

The authors desire to take this opportunity of thanking Prof. 
Kiing for his kindness in supplying them with specimens of turicine, 
turicine aurichloride, betonicine hydrochloride, and betonicine a,uri¬ 
chloride for comparison. 

Wellcome Chemical Research Laboratories, 

London, E.C. 1. [Received, July 9th, 1019.] 


LXXIX.— liarmine and Harmaline, Part III. 

By William Henry Perkin, jun., and Robert Robinson. 

In 1912 the present authors; having located in the harmine molecule 
a methyl group similarly situated to that in quinaldine, suggested 
that the alkaloid contains a fused ring system comprising a benzene, 
pyrrole, and pyridine nucleus, and constructed a constitutional 
formula (T., 101, 1775) which satisfied the requirements of the 
facts:.then''known.' • This expression (I) ; was discarded by O. Fischer 
(Ber.y 1914, 47, 99) in favour of the formula II on account of his 
VOT* CXY. M M 
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discovery that harminio acid* may he oxidised by nitric acid, in a 
sealed tube with the formation of Aonicotinic acid (Ill), and this 
observation was held to be inconsistent with the assumption made 
in I that there is an imino-group attached to the pyridine ring ; 


MeO{| 


/y 

Jn 


Jnh 


do 


Nil 


MeO, 



As the result of a further, examination of derivatives of harmino 
and harmaline we are now convinced, that neither of these formulae 
is correct, and, after a careful reconsideration of the whole subject, 
have deduced fresh expressions which it is believed are more satis¬ 
factory representations of the chemistry of these bases. The argu¬ 
ment which has been developed may be presented in the following 
sections. 


The Ming System of Harmine and its Derivatives, 


Harmine, C 13 H 12 ON 2 , contains a methyl and a metlioxyl group 
and may be written C n H c N 2 Me*OMe, and is therefore a derivative 
of a substance, C n H 8 N 2 . Although the methoxyl and methyl 
groups have been separately eliminated with the production of com¬ 
pounds called harman and norharmine respectively, tile parent, 
C n H 8 ]Sr 2) which might be called norharman , lias not yet been pre¬ 
pared. Now harmaline, which is dihydroharmine, yields m-nitro- 
anisic acid (IV) on oxidation with nitric acid (0. Fischer and 
Bossier, Ber,, 1912, 45, 1934), whilst the production of Ac nicotinic 
acid has already been referred to above. The existence of both 
benzene and pyridine nuclei in norharman is therefore certain, and, 
on inspection of the composition, it will be seen that there is no 
alternative to the theory that this substance must contain a benzene, 
pyridine, and pyrrole nucleus fused together as are the benzene 
nuclei in anthracene or phenanthrene. So much was already 
recognised, and in addition that the benzene nucleus occupies a ter¬ 
minal position in the system, a fact which follows from the con¬ 
sideration of the relation of harminio acid to harmine. It is neees- 


* This acid is obtained from harmine by oxidation with chromic acid 
(O. Fischer and E. Tauber, Ber 1885, 18, 403). 

CONf-C 
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sary to recall these points in. order to develop the present discus¬ 
sion. 

When a compound containing a fused ring system is energetically 
oxidised, it is usual to be able to recognise, in the product, residual 
groups which, are derived from the nucleus destroyed by the oxida¬ 
tion and are situated at both the points of fusion of the original 
rings. Yet, in the degradation of harmine, this rule is not fol¬ 
lowed in the two cases which have been already mentioned, namely, 
the production of nitroanisic acid from harmaline (or nitroliarina- 
line) and that of b'oriicotinic acid from harminio acid. In both these 
reactions one of the positions of ring fusion is represented by a 
hydrogen atom in the oxidation product. It will be necessary to 
assume the possibilities shown under A or 3 below, and these are 
clearly the only alternatives: 


\/\ 


k 


N 



CO,H 


I I 
\/ 


■N 

(III.) 


ho/NcOjH 

(IV.) 


0 

N 



In attempting to make a choice from these alternatives, neither 
of which is quite in accord with previous experience, we have been 
guided by two main considerations. The first is that the conditions 
of elimination of carbon from direct union with aromatic nuclei are 
much better understood than those governing the similar removal 
of nitrogen, and whereas experimental and other evidence is not 
at present available to enable us to refute the alternative B, we 
are on much firmer ground in regard to A, which we consider is 
opposed to experience. O. Fischer suggested that a nitromethoxv- 
phthalic acid is the intermediate product in the oxidation of har¬ 
maline, and that this loses carbon dioxide with the formation of 
nitroanisic acid. The supposed intermediate product does not, 
however, appear to have been isolated,; and we can find no record 
in the literature of an analogous reaction in which a phthalic acid 
at all similarly constituted loses one of its carboxyl groups under 
comparable conditions. In the production of isonicotinic acid 
scheme A makes it necessary to assume the elimination of carbon 

mm3 
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attached to the /3-position in a pyridine nucleus, whilst that in the 
•/-position remains in the form of a carboxyl, group. When it is 
remembered that, of the three pyridinemonocarhoxylio acids, it is 
only nicotinic acid which requires to he heated with soda-lime in 
order to* convert it into* pyridine, and, further, that quinolinic acid 
and cinchomeronic acid both yield nicotinic acid on being strongly 
heated, it will be realised how relatively firm is the attachment of 
carbon to the /3-position. It is consequently very improbable from 
this point of view that a pyridine derivative convertible into 
eVonicofcinic acid by a simple oxidation process can have a carbon, 
atom attached to the /3-position. The second argument in favour 
of the assumption that these degradations involve the elimination 
of nitrogen, and not of carbon, from direct combination with the 
surviving nuclei, is that we have obtained experimental indications 
that the benzene nucleus of a harmine* derivative is actually directly 
attached to a nitrogen atom. Tetrahydroharmine, C [S H 1(J ON 2 , con¬ 
denses with diazobenzenesulphonic acid with the formation of a 
sparingly soluble, crystalline, orange - yellow azo- compound, 
C lg H 15 ON’ 2 *N 3 *G G H 1 *S0 3 H, which dyes silk yellow from an acid 
bath, behaves as an indicator, and undergoes changes with acid and 
alkali closely resembling those characteristic of methyl-orange. Com¬ 
parison with a large number of azo-derivatives of various types 
derived from diazobenzenesulphonic acid and such second com¬ 
ponents as dihvdroberberine, anhydrocryptopine, /3-dialkylamino- 
crotonic esters, /3-diketones, pyrrole, a- and /3-methylindole and 
indole, showed that the change from yellow to* crimson is exhibited 
only by the true henzeneazohenzene derivatives. It would therefore 
appear that tetrahydroharmine is an aniline derivative with a free 
para-position, and naturally the argument applies to all the bases 
of the group so far as it throws light on their nuclear structure. 
We are therefore compelled to accept this surprising elimination in 
a nitric acid oxidation of a side-chain commencing with a nitrogen 
atom, and in attempting to form an idea as to the possible mechan¬ 
ism o*f the reaction the clue seems to be given by the oxidation of 
phenylliydrazine with the production of benzene. Possibly, the 
imino-group of harmine becomes converted into the intro amino- or 
mitrosoamino-group, and one of these becomes reduced by readily 
oxidisable groups produced In the course of the reaction, so that, at 
a certain stage, the condition is reached at which nitrogen is 
eliminated and hydrogen replaces the whole side-chain. Accepting 
scheme B and its implications, it is quite clear that if harmine 
contains no carbon attached to its pyridine nucleus in the jS posi¬ 
tion, this nucleus cannot be fused with a benzene ring anti Immune 
cannot be a derivative of quinoline or isoquinolino. The order of 
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fusion of rings is, then, benzene-pyrrole-pyridine, and the methyl 
group must he in the pyridine nucleus. Further, the only possible 
formulae for harmine, bearing in mind the formation of nitroanisic 
acid from harmaline, are the following: 


N 



NH Me 
(V.) 



NH Me 
(VI.) 



NH 

(VII.) 


In V the methyl group is in the y-pcsition in the pyridine ring, 
and this is inconsistent with the behaviour of harmine, which, as 
we have already stated, closely resembles quinaldine in its reac¬ 
tions. It shows the quinophthalone reaction and condenses with 
benzaldehyde to benzylideneharmine, a styryl derivative, which 
may be oxidised to norharminecarboxylic acid (T., 1912, 101, 
1784). The latter gives a red coloration with ferrous sulphate, and 
easily loses carbon dioxide, on heating in glycerol, with the form¬ 
ation of norharmine. We therefore reject the structure V, and 
consider harmine must be either VI or VII, and since these differ 
only in the position 'attributed to the methyl group, the constitu¬ 
tion of norharmine is determined and is shown in VIII: 



The Constitution of Harmine. 

The decision between formulae VI and VII for harmine is a diffi¬ 
cult one, and cannot at present be made with precision, but there 
are strong indications which cause us to much prefer the former 
alternative. A glance at the structure of norharmine will show 
that it is a species of fsoquinoline in which indole takes the place 
of benzene. Alkaloids of the isoquinoline group are known which 
contain a methyl group in their pyridine or reduced pyridine rings, 
and of these corydaline has been most completely investigated. The 
methyl group in VI is in the position which an analogy to coryda¬ 
line would suggest. Further light is thrown on the problem by the 
study of the oxidation of A-methyltetrahydroharmine, and some 
preliminary remarks must be made in regard to the constitution 
of this substance. Harmine or harmaline, by reduction in acid or 
alkaline solution, yields the same tetrahydroharmine as the end- 
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product, and up to the present no more highly hydrogenated deriv¬ 
ative has been obtained. The reduction of metho-salts of har- 
maline produces a methyltetrahydroharmine, and this is the true 
iF-methyl derivative of tetrahydroharmine because the latter is 
converted into the methyl hydrogen sulphate of the former by 
treatment with methyl sulphate (see p. 961). Evidently, the four 
hydrogen atoms which may be added to harmine and some of its 
derivatives always assume the same positions in the molecule, and 
this is clearly due to the hydrogenation of the pyridine nucleus 
leaving the indole nucleus intact. It is well known that indoles are 
exceedingly difficult to> reduce, and the fact that harmine yields 
only a tetrahydro-derivative is to be regarded as evidence confirm¬ 
ing our view of the nature of its fundamental structure. Tetra¬ 
hydroharmine is shown in IX, and it is desirable at this stage to 
consider whether or no. a substance of this constitution would couple 
with diazonium salts in tile way which is so characteristic of this 
base (see p. 936). It might well be thought that a dialkylindole 
would not be reactive on account of the conjugation of the nitrogen 
in the indole ring, and for comparison we prepared a. pure speci¬ 
men of 2:3-dimethylindole by repeated treatment of the crude 
substance with p-dim e t h y 1 am in ob e nzald eh vd e in warm alcoholic 
hydrochloric acid solution. The product was quite free from ethyl- 
indole, and gave no pine-shaving reaction and no coloration with 
p -dimethyl aminobenzaldeliyde in aqueous-alcoholic hydrochloric 
acid solution. In dilute acetic acid it condensed with diazobenzene- 
sulphomc acid with the production of an orange-red azo-compound. 
In the gase of IX there is also a methoxyl group in the ortho-posi¬ 
tion to the point of entry of the azo-group, and this is a circum¬ 
stance which is well known to facilitate the coupling and to enhance 
the haloehromic phenomena of the product. Obviously formula IX 
represents a substance which should behave towards diazo-salts as 
tetrahydroharmine actually does : 


CEL 


Me() \/\/\/^ H Jn.Me 
NHOHy 
(TX.) 


OH, 

/\_/\ch 2 

Me0 \/ \/\/^ Me 
toll: toll Me 
(X.) 


CEL 


^CHMe 


OtoUfs 

NH t)H. 
(XL) * 
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A curious analogy between tetrahydroliarmine and 2 :3-diinethyl- 
indol© is shown by tlie colour reactions with p-dimethylanimobenz- 
aldehyde and aqueous-alcoholic hydrochloric acid on heating. The 
dimethylindole slowly develops a pale blue colour, which fades to 
pale greenish-yellow on cooling the solution, and the alternation of 
colours on heating and cooling can be made as often as desired. 
Tetrahydroliarmine behaves entirely similarly except that the hot 
liquid is bluish-pink and the cold solution yellow. 

Returning to the question of the position of the methyl group in 
harmine, N -methyltetrahydroliarmine will be X or XI according as 
harmine is taken as VI or VII respectively. On oxidation with 
potassium permanganate in acetone solution this base, C J4 H J8 ON 2f 
is partly converted into a neutral substance melting at 228°, which 
lias the composition C ls H u 0 2 bL,, and clearly the newly acquired 
oxygen atom forms part of a carbonyl group which by direct union 
with the basic nitrogen neutralises its salt-forming character. At the 
same time the oxidation has removed a carbon atom, most probably 
originally in the form of a methyl group. This substance (m. p. 
228°) .was recovered unchanged after beating at 100° with phos¬ 
phorus pentachloride and phosphoryl chloride, although a clear solu¬ 
tion was obtained. On the. basis of formula XI for N -methyltfetra- 
hydroharmine, all possible structures for the oxidation product will 
contain either the grouping *NH*00» or *CHVOO, and in either 
case a reaction with phosphorus pentachloride would be anticipated. 
Assuming formula X, however, it is possible to construct two 
expressions (XII and XIII) for the compound (m. p. 228°), which 
are in harmony with its composition and other properties : 





NH CO ' NH OH Me 

(XII.) (XIII.) 


The evidence, just mentioned, is not quite conclusive, since the 
apparent failure to react with phosphorus pentachloride may have 
been due to the ready hydrolysis of the chloro-derivative by water, 
but, so far as it goes, it favours formula VI for harmine, and we 
have therefore provisionally adopted this expression. It follows 
that harminie acid and upaharmine must be represented by XIV 


roji 
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COJi 
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IS H Me 
(XIV.) 
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and XV respectively,. and since -harminic acid is no longer to be 
regarded as a pyridme-a$-dicarboxylic acid, the elimination on 
heating of both carboxyl groups becomes explicable. 


The Constitution of Harmaline. 


Since liarmalme may be oxidised to harmine (Fritassehe, A nnalen, 
1848, 64, 365; 0. Fischer, Ber., 1889, 22, 640) and reduced to 
tetrahydroharmine, it is to- be regarded as dihydroharmine, and the 
most probable constitutional formulas for the base are shown in 
XVI and XVII. The available evidence does not all point in one 
direction, but, on the balance, we favour the structure XVI as 
being the better summary of the relations and properties of the 
base: 


,CH. 


(XVI.) 


■N 


rVir CH v 

Me0 U\A 0 HM e / Nl ' 

(XVII.) 


In support of the expression XVI the following considerations 
may be noted inter alia. 

(1) The liarmaline metho-salts, for example, the metbo-cldoride 
(see p. 952), are quaternary salts and give no precipitate on the 
addition of ammonia to their aqueous solutions. 

(2) The fact that harmaline occurs in the seeds of Per/mum 
harm ala in an optically inactive condition is consistent with a 
formula like XVI, which contains no asymmetric carbon atom, 
whilst, on the other hand, a base having" the constitution XVII, 
which implies the possibility of the existence of enantiomorpbic 
modifications, would most probably occur in a plant in an optically 
active condition. 

(3) Harmaline shows a tendency to form additive products, for 
example, with hydroxylamine (O. Fischer, Ber., 1914 , 47, 105) 
and with hydrogen cyanide (Fritzsclie, Annalen, 1848, 68, 351; 
1849, 72. 307). The product of the latter process, cyanodihydro- 
harmaline, is a base, and the whole reaction is reminiscent of 
that between cotarnimum or hydrastanium salts and potassium 
cyanide. Like cyanohydrocotarnine, cyanodihydroharm aline is 
resolved into its components on warming ■doth a mineral acid. The 
ketimino-type structure of XVI furnishes an explanation of these 
additive reactions, 

( 4 ) The oxidation of tetrahydroharmine with production of har- 
maline (see below) is more readily understood with the aid of the 
formula XVI than with XVII, 
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The more important arguments in favour of XVII are the fol¬ 
lowing : 

(1) Harm aline- forms an acetyl derivative and an if-methyl deriv¬ 
ative closely resembling the parent base. 

(2) Harm aline condenses with, diazonium salts with formation of 
bisazo-compounds (0. Fischer and W. Bossier, Ber., 1912, 45, 
1930). On the assumption that XYII is correct, this behaviour is 
explicable since one point of coupling would be in the benzene ring 
as in the case of tetrahydroharmine, whilst the second point of 
attack is in the group *CHICH*NH>, which is contained as such or 
in a homologous form in many non-benzenoid substances which form 
azo-derivatives on treatment with diazonium salts. 

(3) The possibility of migration of the ethylene linking may be 
held to discount to> some extent the arguments 1 and 2 advanced in 
support of formula XVI. 

A formula for harmaline must be grounded on a knowledge of the 
constitution of harmine, and until the position of the methyl group 
in the latter is known with a greater approach to certainty it is 
impossible to be quite sure that there is no alternative to the sug¬ 
gestions which have been discussed. 

Harmaline forms a normal methosulphate which is readily oxi¬ 
dised by potassium permanganate in acetone solution (see p. 960), 
yielding the substance (in. p. 228°) mentioned above as the oxida¬ 
tion product of A-methyltetrahydroharmine. There is therefore 
an interdependence between the constitutions assumed for harma- 
line and for the substance melting at 228°. Formula XVI for 
harmaline corresponds with XII for the oxidation product, whilst 
XIII for this substance and XVII for harmaline* are similarly 
related. ■ 


M e thylhcirmin e. 

It has been tacitly assumed that the basic nitrogen of harmine 
is that which is contained in the pyridine nucleus, and the basis of 
this theory may now be more particularly stated. Harmine closely 
resembles carbazole in constitution, and the nitrogen atom of 
carbazole is almost devoid of basic character, so that the similarly 
situated nitrogen of the imiiio-group of harmine should also lack 
salt-forming character. This point of view is supported by the fact 
that harmine is similar to carbazole in the degree of reactivity of 
its benzene nucleus and by the correspondence in properties between 
tetrahydroharmine and a dial kylin dole. Again, the methb-salts of 
harmine are quaternary salts, so that they can scarcely have been 
formed by addition to* an imino-group, and these salts exhibit the 

M M* 
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same fluorescence in aqueous solution as a harmine salt. Finally, 
V-acetyltetrahydroharmine is not a base. 

Accordingly, if harmine is VI, harmine methosulphat© (p. 951), 
which is typical of the harmine metho-salts, must be represented 
by the formula XVIII : 

Me0 ^/\/\/ N <S0 4 Me 
NH Me 
(XVIII.) 

An aqueous solution of this salt gives no precipitate with 
ammonia or even with very dilute sodium hydroxide, but, on the 
addition of more sodium hydroxide, a yellow, chalky precipitate is 
obtained, and this appears to have the composition C 14 H 14 0N 2 ,3H 2 0, 
and is probably the quaternary ammonium hydroxide corresponding 
with XVIII with two molecules of water of crystallisation. By 
heating at 100° this hydrated material is changed into methyl- 
harmine melting at 209° (compare O. Fischer, Ber 1897, 30, 2482), 
The salts of this substance with acids are identical with the corre¬ 
sponding metho-salts of harmine, and it is reconverted into the 
ammonium hydroxide by boiling with water. There are three 
possible ways of representing the elimination of water from harmine 
methohydroxide with the formation of methyl harmine. In the 
first place a group, :NICH 2 , might be formed, but this would result 
in an unusual type of quinquevalent nitrogen, and if this were the 
true explanation the Joss of water from methylpyridinium hydr¬ 
oxides and methylquinolinium hydroxides with the formation of 
methyIpvridines and methylquinolines might be anticipated. The 
second view might be that the C-metliyl group is involved, 
■C(OII a )INMe(OH)*, being changed into *C(:CH 2 )*NMe*. This 
possibility is excluded by the observation (p. 951) that norharmine 
methosulphate on decomposition with hot aqueous sodium hydr¬ 
oxide yields a methylnorharmi ne entirely resembling methyl har¬ 
mine. The third and only remaining alternative quite free from 
objection is that water is eliminated by the combination of the 
liydroxvl of the quaternary ammonium hydroxide and the hydrogen 
•of the imino-group in the pyrrole nucleus. This leads to the 

formulae XIX and XX for methylnorharmine and methylHarmme 
respectively; 

M AAA> Me M AAAA Me 

N N Me 

(XIX.) (XX.) 
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These formulae are based on a conception of the nature of aroma¬ 
tic types which is comparable to that expressed in the Kekule 
benzene formula, and it is on this account that the arrangement of 
the valencies appears somewhat unusual and the close relation with 
harmine is obscured. If, however, the symbols 


H 



M 


H 

hAh 

o 

N 

u 


NH 11 '. 


are employed for benzene, pyridine, pyrrole, and glyoxalin© respec¬ 
tively, the corresponding expressions for harmine and methylhar- 
mine are XXI and XXII, and it will be seen that the difference 
between the ring-systems is almost confined to the function of the 
nitrogen atoms. The thickened lines in all these formulas represent 
a sesqui-valeucy and the dotted loops attached to the nitrogen atoms 
indicate that a partial use for nuclear conjugation has been mad© 
of the latent valencies. 


/\_/\ 

Me 0 U\/\>° 

NH Me 


O 

(XXL) 



N Me 


N Me) 


o 

(XXII.) 


On gently warming with sulphuric acid, mefhylharmme is sul- 
phonated and an extremely sparingly soluble, odourless substance, 
C, t HiAN,S, precipitated on the addition of water. In view of 
the fact that inethylharmine may be regenerated by prolonged 
boiling with dilute hydrochloric acid, this compound may be the 
anhydride of harmine methohydroxide iY-sulphonic acid. A similar 
pale yellow, sparingly soluble substance, C u H 1G 0 4 N 2 S, is obtained 
by warming liarmaline methocliloride with concentrated sulphuric 
acid and pouring the solution into water. The sulphonic group 
may also be in the benzene nucleus, and the matter is being further 
investigated. 

The Synthesis of Harmine and liarmaline in the Plant. 

One of the strongest arguments in favour of the main outlines 
o f the vie ws which have been developed, above is til at, unlike the 
•older formulae, the new expressions contain a ring-system which is 
related to that of an important and widely distributed amino-acid, 
namely, tryptophan. The actual starting point is, however, not 

MM ,2* 
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tryptophan itself, but a I 1 ydroxytryptoj 3 l 1 .au bearing the relation 
to the former substance which tyrosine bears to phenylalanine. We 
venture to predict that this hydroxytryptophan (XXIII) will bo 
found among the amino-acids derived from vegetable proteins. 

Abderhalden and Baumann (Zeitsch. physiol. (Jhem., 1908, 55, 
412) have, indeed, already stated that tryptophan is generally 
found in combination with a hydroxytryptophan, but it does not 
appear that a description of this substance has been published, and 
there is no evidence that the hydroxyl group is in the benzene ring. 
The elaboration of hydroxytryptophan (XXIII) into harmine is 
shown in the following scheme, and is strictly parallel with the 
phytochemical synthesis of an dsoquinoliue alkaloid: 


/V 


pCH 2 *CH(NH 2 )’C0 2 H 


HO 


HO*CH,<>l 



\/\/\/ NH 
mi OB Me 


Oil,, 

.. 

MI CMe 
Harmalme. 


Harmine. 


The acetaldehyde required probably arises from the oxidation of 
alanine. This scheme implies the production of the tetrahydro- 
harmine ring in the first place, and this later becomes oxidised to 
harmalme and harmine. In this connexion experimental ■'evidence 
is not lacking since we have found (p. 961) that tetrahydroharmine 
may he oxidised to harmaline by means of potassium permanganate 
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in acetone solution and the further oxidation of harm aline to 
harm ire has also- been effected (loc. eti.). ’ Thus by oxidation 
of tetrahydroharmine the intermediate stage can be realised, whilst 
harm aline has never been detected as one of the products of reduc¬ 
tion of harmine. Indeed, the conversion of liarmine into harm aline 
by any process has never previously been possible and has only 
become practicable through the intermediary of tetrahydroharmine, 
which is obtainable from harmine. The crystalline base, C 12 H 10 N 2 , 
which Hopkins and Cole (J. Physiol., 1902, 29, 451) obtained from 
tryptophan by oxidation with ferric chloride may possibly owe its 
formation to a reaction similar to that assumed above in the vital 
synthesis of liarmine. It is clear that the carboxyl group of trypto¬ 
phan has been eliminated, and therefore C 2 has been added, and 
this may be due to the presence of formaldehyde (2 mols.) or of 
some oxygenated ethane derivative or the- equivalents of these 
derived from a degradation of a second molecule of tryptophan, 
The two most probable formulae are XXIV and XXV, and, since 
the base melts at 238°, perhaps the latter is preferable, as this 
melting point would be rather high for an iY-methyl derivative of 
this type. Thus harmine melts at 257° and methylharmine at 
209° j harrualine melts at 238° and methylharmaline at 162°j 
opoharmine melts at 183° and methylapoharmine at 78°: 

_/X 

'\AA> Me 

(XXIV.) (XXV.) 

Formula XXV is, however, the constitution on the basis of our 
views of barman which melts at 230° (O. Fischer, Chem. Cenir ., 
1901, i, 957), and in spite of this difference- in melting point we con¬ 
sider there is a possibility that the two- substances may he identical. 

A Ring-fission of a . Harmine Derivative, 

Up to the present the harmine ring has resisted all attempts to 
open it without loss of carbon or nitrogen, and on this account 
especial interest attaches to- the investigation of a colourless base 
(m, p. 129°), which O. Fischer first prepared by the decomposition 
of methyltetrahydroharmime methiodide by means of methyl- 
alcoholic potassium hydroxide (Her., 1914, 47, 104). We have 
obtained the same substance from the normal methosulphate • of 
methyltetrahydroharmine, by boiling with methyl-alcoholic 
potassium hydroxide-, hut .find its composition to be C 16 H 24 0 2 lsr 2 , 
instead -of C 15 H220 2 N 2 , as suggested by Fischer. A Eeisel estimation 


i i~i /N 


NH Me 
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showed the presence of two methoxyl groups, so that the additional 
carbon atom is most probably derived from the methyl alcohol used 
as solvent, and this was confirmed by the fact that when ethyl- 
alcoholic potassium hydroxide was employed in the reaction a new 
substance, C 17 H 26 0 2 lSr 2 , was obtained. Unfortunately, the latter 
compound could not be crystallised, but the analytical results were 
sufficiently satisfactory to establish the point at issue. The base 
(m. p. 129°) is produced in our view in accordance with the follow¬ 
ing scheme: 



NH CHMe NH CHMe 

+ KS0 4 Me 



The fact that ethers of this kind are readily formed has been 
demonstrated by M. Scholtz ( Ber ., 1913, 46, 2138), who found that 
aldehydes react with 2-methylindole in alcoholic solution in the 
presence of sodium hydroxide with the formation of substances of 
the type 

OEt* 0 H R • C<^1>NH. 


Experimental, 

Harmine M. etho-salU. 

Barmin-6. Meihomdplmte, C^H^O^jMegSO.^.—This derivative is 
readily prepared by rubbing harmine (1 gram) into a paste with 
methyl sulphate (1 c.c.), leaving for twenty-four hours, and then 
dissolving the solid product in boiling methyl alcohol. On cooling, 
the methosulpliate separates as : a pale yellowish-green, crystalline 
mass, and, after repeated recrystallisation, is obtained almost 
colourless. In preparing larger quantities, a good plan is to cover 
the finely powdered harmine with benzene, and, after adding the 
methyl sulphate, to heat on the steam-bath, when combination takes 
place rapidly and is complete in half an hour. The product is 
washed with benzene by the aid of the pump and drained on porous 
porcelain. A specimen, which had been crystallised from water 
and left exposed to the air. until dry, yielded the following analyti¬ 
cal results: : 
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0'1288 lost 0-112 at 100°. H 2 0 = 8‘7. 

*0-1176 gave0-2316 C0 2 and 0*0580 H 2 0. 0 = 53-7; H = 5*3. 

C 1 3 II 12 0No,Me 2 S0 4 ,2PI 2 0 contains H 2 0 = 9"6 per cent, and 
C 13 H 12 0N 2 ,Me. 2 S0 4 requires C=53’3; H = 5'3 per cent, 

j War mine methosulphate melts at about 220° and is readily soluble 
in hot water, from which it separates as a voluminous mass of 
needles; it is also readily soluble in boiling methyl alcohol, but 
much less so in the cold. The aqueous solution is not precipitated 
by ammonia, but sodium hydroxide gives at once a voluminous, 
yellow, crystalline precipitate of the hydrated ammonium hydroxide 
(see p. 948). 

liar mine M ethiodide, C 13 H 12 ON 2 ,MeI.—This substance, first pre¬ 
pared by O. Fischer and E. Tauber (Ber., 1885, 18, 402) by the 
direct addition of methyl iodide to harmine, is conveniently ob¬ 
tained in the following manner. Harmine methosulphate (5 grams) 
dissolved in boiling water (150 e.c.) is mixed with boiling dilute 
potassium iodide (5 grams), when an immediate voluminous, almost 
colourless precipitate separates; this is collected and crystallised 
from alcohol, from which it separates in needles. When rapidly 
heated it darkens at 290° and melts at 305—-307° to a black mass. 

Harmine Methochlori.de , C ]3 H 12 ON' 2 ,MeCl.—This characteristic 
derivative is obtained when harmine methiodide, ground into a 
paste with much hot water, is digested on the steam-bath with a 
considerable excess of freshly prepared silver chloride. After filter¬ 
ing, the nearly colourless filtrate is concentrated and left overnight, 
when the liquid becomes filled with a mass of very pale yellow 
needles which exhibit a slight green fluorescence. The air-dry 
substance gave the following analytical results: 

1-4307, heated at 100°, lost 0-2769. H 2 0 = 19*4. 

*0*1234 gave 0*2905 C0 2 and 0*0631 TrL»0. C = 64*2; H = 5’7. 

C 1K H ]2 0N 2 ,MeCl,4H 2 0 contains H 2 0 = 21'5 and C ls H J3 ON 2 ,MeCl 
requires 0 = 64*0; H = 5’7 per cent. 

Harmine methochloride, when rapidly heated, scarcely darkens 
at 280° and. melts at about 305° with effervescence to a black froth ; 
it is rather sparingly soluble in boiling methyl alcohol and separates 
well in colourless groups of slender, prismatic needles. Its aqueous 
solution fluoresces blue and resembles the methosulphate in its 
behaviour with ammonia and sodium hydroxide. 

Methylharmine (Formula XX or XXII). 

This substance, first prepared by O. Fischer (Ber., 1897, 30, 
2482) from harmine methiodide by treatment with potassium hydr- 

* Dried at. 100°. 
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oxide, is described as a. colourless substance which melts at 209°, 
crystallises from benzene in needles, and rapidly absorbs carbon 
dioxide from the air. We have prepared methylharmine from 
harmine methosulphate and methocliloirid© by the action of sodium 
hydroxide. The aqueous solution of either of these derivatives 
gives a voluminous, yellow precipitate on the addition of sodium 
hydroxide in the- cold, and this is readily soluble in hot water and 
separates, on cooling slowly, in long, very pale yellow needles. After 
twice crystallising from water, the substance was left for three 
days exposed to the air and then analysed: 

I. 1-1407, heated at 100°, lost 0*1999. H 2 0 = 17*5. 

0*1033 gave 0*2350 C0 3 and 0*0668 H 2 0. C = 62*0; H = 7*2. 

C 14 H 14 0N 2 ,3H 2 0 requires H 2 0 = 19*3; C = 60*0; H = 7*l per cent. 

II. Two* specimens, heated at 100° until constant, gave the follow¬ 
ing analytical results: 

0*1172 gave0*3181 CO* and 0*0649 H 2 0. 0 = 74*0; 11 = 6*2. 

0*1286 „ 0*3506 CO* „ 0*0715 H 8 0. C = 74*3; H=6*3. 

C I4 H 14 0N 2 requires C = 74*3; H = 6*2 per cent. 

It is clear that the substance precipitated from harmine metho- 
siilphate or methochloride by sodium hydroxide is a hydrate of the 
probable, composition, C 14 H U 0N2,3H 2 0, and that this loses all its 
water at 100°, leaving pure methylharmine which, as stated by 
Fischer, melts at 209°. The following experiment supports the 
view that the hydrate crystallised from water is harmine metho- 
hydroxide with 2H 2 0. When the hydrate 1 is exposed over sulphuric 
acid in a vacuum desiccator it rapidly loses 2H 2 0 and the last II 2 0 
with much greater difficulty. Thus a specimen which had been 
exposed in the desiccator for six hours yielded C = 69*0; 11 = 6*7; 
after twenty-four hours it contained 0 = 70*8; II = 6*4, and after 
two days 0=71*5; H=6*2, whereas' C 14 H 14 0N 2 ,H 2 0 requires 
0=68*8; H = 6*4 per cent. 

Exposure to the air did not in our experience lead, to the forma¬ 
tion of carbonate as suggested by O. Fischer, since, after seven days’ 
exposure, there was no effervescence on the addition of hydrochloric 
acid. Also analytical results are recorded above for air-dried 
material, and these were apparently not vitiated by absorption of 
carbon dioxide, Methylharmine hydrochloride is obtained as a 
sparingly soluble precipitate when the above hydrate is mixed with 
dilute hydrochloric acid. It crystallises from boiling dilute hydro¬ 
chloric acid as a voluminous mass of needles, melts and decomposes 
at 305°, and is identical with harmine methochloride. (Found, 
0=64*1; H = 5*8. C 14 H 14 ON 3 ,HOI requires C = 64*0;, H = 5*7 per 
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Methylharmine Methosulphate, C 14 H J4 0N 2 ,Mev}S0 4 .' —Methylhar¬ 
mine reacts with methyl sulphate with the evolution of much heat 
and, in preparing the methosulphate, it is necessary either to 
employ small quantities of material or to use a diluent, such as 
benzene. When methylharmine (1 gram) is rubbed with methyl 
sulphate (1 c.c.), a stiff, chalky paste is soon formed and, after 
remaining overnight, the product is recrystallised from methyl 
alcohol, in which the methosulphate is unusually sparingly soluble 
and from which it separates as a voluminous mass of colourless 
needles: 

0-1107 gave 0-2221 C0 2 and 0-0580 H 2 0. C = 54’7 • H = 5‘8. 

Ci 4 H M 0hT2,Me 2 S0 4 requires C = 54‘6; H —5"7 per cent. 

Methylharmine methosulphate is readily soluble in water and 
both the aqueous and methyl-alcoholic solutions, especially when 
dilute, exhibit a beautiful, pure blue fluorescence. It separates 
from a concentrated aqueous solution in felted needles. The solu¬ 
tion in acetic acid gives, on the addition of sulphuric acid, a yellow 
liquid with, a striking green fluorescence reminiscent of that of 
alkaline fluorescein; after a time the yellow colour and the fluores¬ 
cence disappear, and the addition of a drop of dilute nitric acid 
produces a reddish-violet coloration. In concentrated sulphuric 
acid a similar fluorescent solution is obtained, and, on gently warm¬ 
ing, this very rapidly fades and a colourless solution with violet 
fluorescence results. On the addition of water an extremely spar¬ 
ingly soluble precipitate consisting of colourless, satiny needles is 
formed. This substance contains sulphur, but differs from the 
Bulphonic derivatives described on pp. 950, 953 in not being 
affected by aqueous sodium hydroxide even on boiling. The 
aqueous solution of the methosulphate is coloured yellow by potass¬ 
ium hydroxide, and, on heating to boiling, the yellow colour dis¬ 
appears, and if cooled much of the methosulphate separates un¬ 
changed. If, however, the boiling is continued for some time, a 
substance separates on cooling which appears to be the correspond¬ 
ing ammonium hydroxide. This was collected and dissolved in a 
large excess of boiling dilute hydrochloric acid, from which methyl- 
' harmine mefJwchlomde, C J4 H 14 ON 2 ,MeCl, separated as a volumin¬ 
ous mass of colourless needles.: 

0-1108 gave 0*2631 C0 2 and 0*0615 H 2 0. C = 64*8; 11 = 6-2. 

C 14 H 14 01Sr 2 ,MeCl requires C = 65*l; H = 6*7 per cent. 

This methocliloride becomes yellow at 270° and melts at about 
280—-285° with effervescence to a reddish-brown syrup. The aqueous 
solution exhibits a fine blue fluorescence and becomes yellow on the 
.addition of ammonia or sodium hydroxide, but no precipitate sepa- 
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rates. When, however, the aqueous solution, rendered strongly 
alkaline by sodium hydroxide, is boiled and concentrated, it deposits 
a pale yellow, crystalline precipitate, which dissolves in dilute 
hydrochloric acid with regeneration of the methochloride. 


Ilarmine Methohydr oxide Sulphonic Anhydride, 

* uo QzOf u <d 

1ST Me 

I I 

so 2 —o 

On one occasion, in preparing harmine methosulphate at 100° in 
an open vessel, it was noticed that instead of the expected product a 
very sparingly soluble, colourless substance was formed, and this 
result was traced to hydrolysis of the. methyl sulphate and forma¬ 
tion of sulphuric acid, which even under these conditions readily 
sulphonafced the harmine methosulphate. It was then found that 
the same substance could be obtained by treating methylharmine in 
acetic anhydride with a few drops of sulphuric acid and by warm¬ 
ing harmine methosulphate with concentrated sulphuric acid. A 
theoretical yield was obtained in the following manner. Harmine 
(5 grams) was finely powdered and heated during an hour on the 
steam-bath with toluene (20 c.c.) and methyl sulphate (15 c.c,), 
concentrated sulphuric acid (10 c.c.) was then added and the heat¬ 
ing continued during half an ,hour. After the addition of water 
the precipitate was collected and dissolved in dilute sodium hydr¬ 
oxide*. The filtered solution was diluted to 2000 c.c., heated to 
boiling, and acidified by the addition of hydrochloric acid. Almost 
immediately the substance crystallised from the solution in colour¬ 
less, microscopic needles, which were collected, washed with hot 
water, and dried at 100°: 

01301 gave0-2629 C0 2 and 0*0545 H 2 0. C = 55T; H = 4*7. 

0-1272 ,, 0-0958 BaS'0 4 . S = i0*3. 

C 14 H 34 0 4 N 2 S requires C=54*9; H = 4'6; S = 10-5 per cent. 

This compound is very sparingly soluble in organic solvents and 
in water. It dissolves to* some extent in boiling dilute hydrochloric 
acid and separates on cooling in. an Unchanged condition. Its solu¬ 
tion in concentrated sulphuric acid is colourless, and exhibits a 
bluish-violet fluorescence. It is readily soluble in aqueous sodium 
hydroxide to a yellow solution, from which acids precipitate the 
original substance, but it is not attacked by cold sodium carbonate. 
A small quantity was boiled with , dilute hydrochloric acid during 
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fourteen successive working days, wlien it was noticed that the 
amount which had separated, on cooling overnight, became smaller 
and smaller. On the addition of sodium hydroxide a precipitate 
was obtained, and this was collected and crystallised from benzene, 
when pale yellow needles of methylliarmine melting at 209° were 
obtained. It is also possible to hydrolyse the substance with the 
formation of harmine. It slowly dissolved in boiling glycerol, and 
on pouring the solution into water only a small amount of insoluble 
material remained in suspension. The filtered liquid was mixed 
with sodium hydroxide, the precipitate collected and crystallised 
from alcohol. The colourless needles so obtained melted at 256° 
alone or when mixed with a specimen of pure harmine. 


Methylnorharmine (Formula XIX). 

Norharmine (2 grams) (Perkin and Robinson, T. } 1912, 101, 
1786) was dissolved in the minimum quantity of boiling benzene 
and methyl sulphate (5 c.e.) added to the solution, which was not 
again heated. The methosulphate soon separated as an oil, which 
later crystallised, and after leaving overnight the benzene was 
decanted and the solid washed with ether and then dissolved in 
water. The colourless solution exhibited blue fluorescence, and on 
the addition of an excess of sodium hydroxide a yellow, chalky 
precipitate was obtained. This was collected, dried in a vacuum 
desiccator over phosphoric oxide, and crystallised from dry benzene. 
The very pale yellow, flat needles melted at 195—196° with slight 
previous softening: 

0-10.49 gave 0-2832 C0 2 and 0*0549 BUG. C = 73-6; H = 5‘8. 

C 13 IT 12 ON 2 requires C = 73’6; H = 5*7 per cent. 

Methylnorharmine is moderately readily soluble in alcohol, but 
sparingly so in benzene; it also dissolves in boiling water and crys¬ 
tallises on cooling, probably as norharmine methohydroxide. It has 
a great superficial resemblance to methylharmine, and dissolves in 
sulphuric acid to a similar yellow solution with bright green fluores¬ 
cence. Its solutions in dilute aqueous acids exhibit a blue 
fluorescence. 

Harrnaline Metho-salts . 

Harrnaline Methosulphate, C l8 H 14 QN 2 ,Me 2 S0 4 .—Harrnaline com¬ 
bines more energetically with methyl sulphate than does harmine, 
and the methosulphate is readily prepared by rubbing harrnaline 
(1 gram) with methyl sulphate (1 c.c.), when, even with such small 
quantities, a considerable rise of temperature will be observed. 
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After a few hours the yellow mass is crystallised from methyl 
alcohol, from which the methosulphate separates in yellow needles, 
and the mother liquor, on the addition of ether, gives a, further 
crop of the same substance. Larger quantities are best prepared, 
in almost quantitative yield, under the following conditions. Finely 
powdered and sieved harrnaline (30 grams) is covered with benzene 
(50 c.e.)‘ and mixed with methyl sulphate (30 c.c.), when there is 
no immediate development of heat, but, on keeping, the tempera¬ 
ture gradually rises to about 40°. After remaining for two days, 
the crystalline mass is collected, washed with benzene, and drained 
on porous porcelain; it is then pure enough for many purposes: 

0-4332 gave O’2989 BaS0 4 . S = 9'4. 

C 3 oH 14 0]Nr 2 ,Me 2 S0 4 requires S = 9'4 per cent. 

Harrnaline m ethos ulphat® shrinks at 160° and melts at about 
170-—172° to a deep yellow liquid; it is readily soluble in water or 
alcohol. The addition of sodium hydroxide to the cold concen¬ 
trated aqueous solution gives a viscid, orange-red precipitate which, 
when washed free from alkali and boiled with water, becomes yellow 
and crystalline, and this substance appears to be nearly pure 
methylharmaline (compare O. Fischer, Her., 1897, 30, 2484; 1914, 
47. 102). The boiling aqueous solution of the methosulphate gives, 
on the addition of potassium, iodide, an immediate yellow, crystal¬ 
line precipitate of the methiodide, C 13 H 14 ON 2> MeI. This method 
of preparation yields at once the pure methiodide, and is therefore 
to be preferred to the direct combination of harrnaline with methyl 
iodide, since by this latter process dimethylharmaline iodide is also 
produced (O. Fischer, Her., 1914, 47, 104). 

llarmaline Methoehloride, Cj 3 H 14 ON 2 ,MeCI,4-'H a O.'—This sub¬ 
stance is readily prepared by digesting a paste of harrnaline meth¬ 
iodide and much water with an excess of silver chloride on the 
steam-bath for a couple of hours and filtering. The filtrate is con¬ 
centrated and allowed to cool slowly, when the methoehloride 
separates as a crust of pale yellow, glistening prisms with a faint 
green lustre : ' 

*1’0380 lost 0‘2223 in the steam-oven. H 2 0 = 21"6. 

fOT323gave0-3097 C0 2 and 0‘0786 H 2 0. 0 = 63*9; H = 6-6. 

C I3 H 14 0N 2 ,MeCl,4H 2 0 contains H 2 0 = 21-4 and C 13 H 14 ON 2 ,MeCl 
requires C = 63"5; H = 6‘4 percent. 

Harmaline methoehloride begins to decompose at 260° and melts 
at about 278° with vigorous effervescence to a reddish-brown froth. 
It is very readily soluble in hot water or acetic acid, sparingly so 
in alcohol, and almost insoluble in boiling acetone. The aqueous 

* Air-dry. f Dried at 100°. 
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solution is not precipitated by ammonia, and the bearing of this 
observation on the constitution of harmaline has been referred to 
on p. 940. Sodium hydroxide decomposes the salt in aqueous solu¬ 
tion and produces an orange-red, viscid mass, which, when washed 
and boiled with water, becomes yellow and crystalline and doubtless 
consists of methylharmaline (see above). 

The cold aqueous solution of the methochloride instantly decolor¬ 
ises permanganate. 


Harmaline 


Methohydroxide Sidjthonic A nhydridc, 

CH 2 


MeO 



iCH 3 

NMe 


0 ) 


When finely divided harmaline methochloride is mixed with con¬ 
centrated sulphuric acid, it dissolves to an orange-red solution with 
vigorous evolution of hydrogen chloride. If, after heating on the 
steam-bath for five minutes, water is added, a substance gradually 
separates as a voluminous mass of pale lemon-yellow needles. The 
compound is extremely sparingly soluble in water, but may be 
crystallised from much boiling water and obtained in long, lemon- 
yellow needles which become opaque and chalky in the steam-oven. 
It contains sulphur: 

0*1050 gave 0;2108 C0 2 and 0*0494 H 2 0. C = 54*7; H = 5*2. 

Ci 4 H 1( .0 4 N 2 S requires C = 54*5; H=5‘2 per cent. 

This substance is almost insoluble even in boiling acetic acid, it 
does not melt and scarcely shows any sign of decomposition at 
300°. It is not soluble in cold aqueous sodium carbonate, but dis¬ 
solves on the addition of a drop of sodium hydroxide to a yellow 
solution, and is precipitated unchanged by hydrochloric acid. 

Reduction of Harmaline Methomdpkatc or the MetlweJdoride: 

Formation, of Methyltetmhydroharmiiie. 

In the first of these reductions, harmaline metkosulpliato 
(3 grams), dissolved in dilute sulphuric acid, was reduced in a 
porcelain beaker fitted with a mechanical stirrer with 3 per cent, 
sodium amalgam (200 : grains), when the colour of the solution 
gradually faded and the process was completed by heating on the 
steam-bath. The filtered liquid, rendered alkaline by the addition 
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of sodium hydroxide, yielded a gummy mass, which soon hardened, 
and the solution in boiling methyl alcohol deposited, on cooling and 
stirring vigorously, a mass of glistening plates which, after recrys¬ 
tallisation, melted at 174—176°. This substance has the formula 
C 14 H 18 ON 2 (Found, C = 72‘8; H = 8*0; N = 12*l. C 14 H 1S 0N, 

requires C = 73'l; H = 7‘8; N = 12’2 per cent.), and is evidently 
identical with the methyldihydroharmaline which O. Fischer (Her., 
1914, 47, 103) obtained from methylharmaline hydrochloride by 
reducing in amyl-alcoholic solution with sodium. In the second 
experiment, which appears to give the purer product, harmaline 
methochloride (5 grams), dissolved in water (300 c.c.) and hydro¬ 
chloric acid (50 c.c.), was reduced on the steam-bath by the rapid 
addition of 3 per cent, sodium amalgam (250 grams). The yellow 
colour of the methochloride solution rapidly disappeared, and, on 
adding sodium hydroxide and crystallising the solid base from 
methyl alcohol, a crust of colourless prisms of methyltetrahydro- 
harmine was obtained which melted directly at 176°. 

Methpltetrahi/droharmine Methosulphate, C 14 H 18 ON 2 ,Me 2 SO.j.— 
When methyltetrahydroharmine (2 grams) is mixed with methyl 
sulphate (3 c.c.) it dissolves with considerable rise of temperature 
and the clear syrup suddenly crystallises. A rather better yield is 
obtained if the base is covered with benzene before mixing with, 
methyl sulphate (see p. 946), when a syrup separates which rapidly 
crystallises. 

The product is then recrystallised from methyl alcohol, in which 
it is readily soluble and from which it separates as a hard crust of 
well-developed, colourless prisms '* : 

0-1049 gave 0-2054 C0 2 and 0*0655 BUQ. C = 53*4; H = 6'9. 

0-1181 •„ 0-2327 C0 2 „ 0*0688 H.Jb. C = 53-7; H = 6‘5. 

C 1c H m 0 5 N 2 S .requires C = 54"0 .; H==6'7 per cent. 

This methosulphate melts at about 188° without effervescence 
and is readily soluble in water, yielding a solution which has an 
extremely bitter taste. 

Crystals of methyltetrahydroharmine methosulphate were kindly 
examined by Miss M. W. Porter, who finds that they are ino no- 
clime with a: 5=0*738, j8 = 96°55 / . The crystals are of a stout, 

if* A considerable amount of methosulphate remains in the mother liquors 
and, if the methyl alcohol is removed by distillation from the steam-bath, 
most of this decomposes and is converted into a tar. 

The best plan is to expose the mother liquor over sulphuric acid hi 
a vacuum desiccator, when a hard crust gradually separates mixed with some 
tar; the latter can bo removed by rubbing with cold methyl alcohol and 
leaving in contact with porous porcelain. 
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prismatic habit, as shown in .Fig. 1, and exhibit the forms &(010), 
-m(llO), and e(001). The faces were somewhat curved. Follow¬ 
ing' are the means of the two angles measured: m (azimuth) — 
53°47 / J c(po!ar distance) = 6°55 / . 


Fig. I. 



imMethyltetrahydroharmine Methohyclroxide Methyl Ether, 

CH 2 

A-TNjh, 

MeOl^ 


. I - CO 

\/\ NMe f 
NH CHMe-OMe 


This substance, which is evidently identical with that obtained 
by O. Fischer ( Ber ., 1914, 47, 104) from the product of the action 
of methyl iodide on niethyltetrahydroharmine by decomposition 
with methyl-alcoholic potassium hydroxide (compare p. 946), is 
readily prepared in the following manner: Methyltetraliydrohar- 
mine methosulpliate (1 gram), dissolved in a little boiling methyl 
alcohol, is mixed with methyl-alcoholic potassium hydroxide (10 c.c. 
of 25 per cent.) and boiled for half an hour. Most of the methyl 
alcohol is then evaporated under reduced pressure and water added, 
when an oil separates which soon crystallises. The substance is 
readily purified by recrystallisation from ether, when it separates as 
a mass of colourless needles or from a mixture of benzene and light 
petroleum, from which it crystallises in flat needles. In view of the 
fact that this substance appeared to have a composition different 
from that (C 35 H 22 0 3 N 2 ) assigned to it by O. Fischer ( loc . cit. } com¬ 
pare p. 945), it became necessary to carry out several analyses. 
The following were made with three different preparations, the first 
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two having been twice recrystal.Used from ether and the third from 
benzene' and light petroleum in addition: * 

I. 0'1067 gave0*2733 CO* and 0*0840 H a O. 0 — 60*8; H = 8*7. 

0-2093 „ 18*7 c.c. N a at 11*5° and 732 mm. N 10*2. 

IX. 0-1059 „ 0-2705 COg and-0-0829 H a O. C = 69*7; H = S*7. 

III. 0-1214 „ 0-3102 003 „ 0-0953 EUO. C = 69'7; H = 8-7. 

C 16 H 24 0 2 N 2 requires C = 69-6; H=8’7; H = 10'l per cent. 

C 15 H 32 0 2 N 2 . „ 0 = 68-7; H = 8*4; N = 10-7 „ „ 

The analytical results given by O. Fischer are 0 = 69*1 and 69'0; 
11 = 8-78 and 8‘67; and 11 = 10*81. 

A methoxyl determination by ZeiseTs method yielded the .follow¬ 
ing result: 

0-2865 gave 0-4790 Agl. MeO = 22-l. 

0 15 H M 0 2 N 23 containing 2MeO, requires MeO = 22‘4 per cent. 

is oM ethyltetrahydroharmine methohydroxide methyl ether melts 
at 128—129° and is readily soluble in alcohol, acetone, or benzene, 
but sparingly so in water, ether, or light petroleum. It crystallises 
from dilute methyl alcohol in large, colourless plates or from, much 
light petroleum in groups of flat needles. When it is heated in 
small quantities it distils with only slight decomposition, but, under 
10 mm. pressure, it passes over without residue as a colourless syrup 
which, when rubbed, solidifies completely. After washing with 
ether on porous porcelain, the colourless, crystalline mass melted at 
121—-126° and the admixture with the original substance at 
123-—128°, showing that no change, such as elimination of water, 
had taken place during the distillation. 

isoflf ethylte trahydroharmine Methohy dr oxide Ethyl Ether , 
C j7 H 26 0 2 N 2 .—In order to confirm the composition given for - the 
product of the action of methyl alcohol on methyltetrahydroharmine 
inethosulphate, the latter substance (1 gram) was digested with 
ethyl-alcoholic potassium hydroxide (10 c.c. of 20 per cent.) for 
an hour. On adding water, a viscid, ochreous precipitate separated, 
which was extracted with ether, and the ethereal solution, after 
thoroughly washing and drying over potassium carbonate, concen¬ 
trated and left in the ice-chest for a week, but nothing separated. 

The ether was then allowed .to evaporate slowly over sulphuric 
acid, when a pasty mass of crystals remained, which was left in 
contact with porous porcelain until quite dry and hard. As all 
attempts to recrystallise this substance were unsuccessful, it was 
dried over phosphoric oxide and analysed: 

0*1399 gave 0*3614 C0 2 and 0*1116 H s O. C = 70-4;,H = 8*8. 

C 17 H 26 0 2 N 2 requires C = 70'3; 11= 9*0 per cent. 
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When treated with hydrochloric acid and then with potassium 
iodide, this substance yields a hydrochloride, C 15 H 20 ON 2 ,HCI, and 
hydriodide, C 15 H 20 ONo,HI (m. p. 290—295°), identical with those 
produced under the same conditions'from iso metlij 11etraliydroha,r- 
inine methohydroxide methyl ether (see below). 


Dehydroisom, ethylt etrahydro liar m i n e Methohydr oxide, 



MeOL 


\/\ NMe 2 

nh oh: on.. 


(?) or its Polymeride. 


The hydrochloride, C 15 H 20 ON 2 ,HC1, of this base is obtained when 
is ova eth yl tetr ahydroh armine methohydroxide methyl ether is 
treated with dilute hydrochloric acid. The methyl ether dissolves 
in cold dilute hydrochloric acid, and almost immediately the solu¬ 
tion clouds and a caseous substance separates, which soon hardens. 
This curious salt melts under hot water, dissolves to a pale violet 
solution, and the addition of hydrochloric acid causes a very pale 
blue, apparently crystalline, precipitate to separate, which was 
collected, washed with dilute hydrochloric acid, and dried on porous 
porcelain over solid potassium hydroxide .and then in the steam- 
oven: 

0-1032 gave 0-2415 C0 3 and 0'0707 H 2 0. C = 63‘8; H = 7’G. 
c4h 2u 0N 2) H01 requires .0 = 64-2; 11 = 7-5 per cent. 

This hydrochloride is readily soluble in water, but sparingly so 
in dilute hydrochloric acid ; the aqueous solution gives on the addi¬ 
tion of platxmc chloride a pale brown precipitate, which on warm¬ 
ing- becomes black, and with auric chloride a drab precipitate-Which 
becomes violet on heating owing to- the separation of metallic gold. 
When ammonia is added to- the solution of the hydrochloride a 
nearly colourless jelly separates, which is evidently the free 
deliydro-base (see below). 

The Hydriodide, G 15 H 20 ON 2 ,HI.—The methyl ether dissolves in 
dilute sulphuric acid at 40°, and, on keeping, the solution clouds 
and deposits a caseous precipitate of the sulphate, which gradually 
becomes crystalline. 

This was collected, dissolved in warm water, and mixed with 
potassium iodide, when a sparingly soluble, amorphous precipitate 
separated, which also became crystalline on warming. After wash¬ 
ing well and drying in the steam-oven, this hydriodide was ana¬ 
lysed : 
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0-1089 gave 0*1954 C0 3 and 0*0567 H 2 0. 0 = 49-0; H = 5S. 

C i6 H 3fl ON 2 ,HI requires 0 = 48-7; II = 5*6 per cent. 

On heating in a capillary tube this iodide remains nearly colour¬ 
less until 250°, then gradually becomes brown, and melts at about 
290—295° with vigorous decomposition to a black froth. 

D e Hydro iso m e t h yltc trail ydr oh am i ii ? e m ethohydroxide was ob¬ 
tained by rubbing the hydriodide to- a fine paste with a large excess 
of dilute ammonia, and, after remaining overnight, the ochreous 
precipitate was collected and digested at about 60° with a further 
quantity of dilute ammonia, the process being repeated until no 
more iodine was removed. The pale ochreous precipitate was col¬ 
lected, thoroughly washed with dilute ammonia, and dried first in 
a desiccator over phosphoric oxide and then in the steam-oven : 

0*1184 gave 0*3182 CO, and 0*0874 11,0. 0 = 73*3; 11=8*2. 

“ CjgHsoONg requires 0 = 73*8; II = 8*2 per cent, . 

This curious substance does not melt, and indeed scarcely darkens, 
at 300°; it dissolves very* readily in . methyl alcohol, and is precipi¬ 
tated as a pale ochreous precipitate on the addition of ether, but it 
has not so far been possible to obtain it in a definitely crystalline 
condition. 

Boiling with dilute hydrochloric acid converts it into a sparingly 
soluble hydrochloride; it dissolves, however, readily in warm glacial 
acetic acid, yielding a colourless solution which is not precipitated 
by water. On the addition of ammonia, a colloidal solution is 
obtained which, on boiling, deposits a flocculent, gelatinous pre¬ 
cipitate consisting apparently of the dehydro-base. 

Tim Met ho sulphate and the Methiodide, C^H^ON^MeT.—The 
solution of tvomethyltetraliydroharmine metliohydroxide methyl 
ether (1 gram) in benzene (5 c.c.) gives, on the addition of methyl 
sulphate (1 c.c.), a cloudy liquid: there is considerable development 
of heat, and a gum separates which is evidently the methosulpliaie 
of the dehydro-base. The benzene was decanted, the gum washed 
with ether, dissolved in hot water and mixed with potassium iodide, 
when a jelly separated which, on warming, became granular : 

0*1147 gave 0*2097 C0 2 and 0*0601 H 2 0. 0=49*9; H = 5*8. 

C 15 H 20 ON 2 ,MeI requires C = 49*8"; H=5*9 per cent. 

This methiodide does not darken until 260°, and melts at about 
290—292° with effervescence to a black froth. 

The methosulphat© behaves in a remarkable manner when its 
solution in methyl alcohol is boiled with methyl-alcoholic potassium 
hydroxide. 

Trimethylamine is eliminated but with difficulty, and, on adding 
water, a milky liquid is. produced, which gradually deposits a con- 
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siderable rather viscid precipitate. This was collected and found 
to be almost insoluble in the usual organic solvents and, after it 
had been boiled with methyl alcohol, ether, benzene, and finally 
acetone, a grey mass remained which was exactly similar to india- 
rubber in appearance and many if its properties. 

If was resilient like rubber, frothed up on heating to a high 
temperature, and was quite insoluble in acetic or dilute hydro¬ 
chloric acid. 

There can be little doubt that this mass is a polymeric modifica¬ 
tion of the divinyl derivative: 

/\ -THIGH, 

MeOl^J^yUH :C.H' 

but the substance was not further investigated. 


Oxidation of .Methyltet-rahydroharmine and of Harmaline Metho- 

sulphate: Formation of Ketoisonormethyltetrahydroharmine , 

MeOl. J 

JSTH. CO 

In studying the oxidation of methyltetrahydroharmine, the base 
(5 grams), dissolved in acetone (250 c.c.), was gradually treated 
with very finely powdered permanganate (11 grams) at —IQ 0 , 
When the decolonisation of the permanganate, which took place 
very slowly, was complete the product was filtered, the manganese 
precipitate thoroughly washed with acetone (A), extracted with 
boiling water, and the dark brown extract concentrated. On 
neutralising with acetic acid, precipitating with lead acetate, and 
decomposing the small amount of lead salt with hydrogen sulphide,' 
only 0’5 gram of a dark, resinous acid was obtained, from which 
nothing crystalline could be isolated. The acetone filtrate (A) was 
concentrated considerably and allowed to remain in the ice-chest, 
when a heavy, crystalline precipitate rapidly separated, which was 
collected and washed with methyl alcohol, in which it is almost 
insoluble. , 

The substance dissolves in much boiling acetone and separates, on 
cooling, in glistening, pale lemon-yellow needles: 

0*1012gave 0-2498 0O 2 and 0*0555 H 2 0. C = 67*3 H=6T. 

0*1113 „ 0*2769 C0 2 ,, 0*0619 H 2 0. 0^67*8 * H = 6T. 

C 1S H 14 0 2 N 2 requiresC==67'8; 11=6*1 per cent. 


CH 2 

—/\0H, 
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Ketoisanorinetht/ltetrahydroharm?ne melts at 228° and is spar¬ 
ingly soluble in the usual organic solvents. It, does not dissolve in 
dilute mineral acids, and its solution in glacial acetic acid is pre¬ 
cipitated by water. Concentrated sulphuric acid dissolves the sub¬ 
stance readily to a yellowish-brown solution, but, even after heating 
on the steam-bath for some minutes, water precipitates much un¬ 
changed substance. It is insoluble in cold concentrated hydro¬ 
chloric acid, hut when boiled with the acid it partly dissolves and a 
crystalline substance separates, which appears to be the hydro¬ 
chloride and is immediately dissociated on the addition of water. 
It is also insoluble in aqueous alkalis and in cold methyl-alcoholic 
potassium hydroxide, but it dissolves in. the latter on boiling and 
crystallises unchanged when the solution is cooled. 

Behaviour of KetoisonormefJiyHetrahydroharmine with Phos¬ 
phor yl Chloride and Pentachlonde .—That this substance is not 
readily attacked by these reagents is shown by the following experi¬ 
ment. ■ 

When the substance (1 gram) is warmed with phosphoryl 
chloride (1'5) it is converted into a voluminous, yellow mass con¬ 
sisting probably of the hydrochloride, and if powdered phosphorus 
pentaehloride is now added and the whole heated on the steam-bath 
a clear liquid is produced. 

After heating for fifteen minutes the yellow liquid was poured on 
powdered ice, when a deep orange, viscid precipitate separated, 
which was collected, drained.on parous porcelain, and rubbed with 
cold methyl alcohol. 

This removes the viscid impurity and leaves a pale oehreous 
powder, which, after contact with porous porcelain and again wash¬ 
ing with methyl alcohol, weighed 0*6 gram, melted at 22ii 228°, 
and consisted of unchanged substance. 

If the experiment is conducted at a higher temperature than 
that of the steam-bath some profound change occurs, but the matter 
has not been further investigated. 

Oxidation of Hdrmaline Methosulphate .—This methosulphate is. 
somewhat sparingly soluble in acetone, even on boiling, and sepa¬ 
rates in short, well-developed, glistening prisms with bevelled 
edges. For the purpose of oxidation, the methosulphate (1'5 grams) 
was dissolved , in the least possible quantity of boiling water, mixed 
with acetone (40 c.e.), and cooled to —10°, during which some of the 
methosulphate separated in a very finely divided condition. Pow¬ 
dered permanganate (2‘3 grams) was .then gradually added, and so 
soon as oxidation was complete the whole was filtered and the pre¬ 
cipitate, which yields only a trace of acid on extraction with water 
and acidifying, washed thoroughly with warm acetone. On eoncen- 
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trating the acetone extract on the steam-bath, a crystalline mass 
(O'4* gram) separated which, after recrystallisation from acetone, 
melted at 227° and consisted of keto-nfunormethyltetrahyclroliar- 
mine. (Found, C = 67*9; II = 61. C 13 U 14 0 2 N 2 requires C = G7*8; 

11 = 6'1 per cent.) 


Reduction of Harmaline to Tetrahydroharmine. 

Tetrahydroharmine, C 13 H 1(i ON 2 (m. p. 199°), was first prepared 
by O. Fischer ( Ber 1889, 22,. 637) by the reduction either of 
harmine or harmaline in alcoholic solution by sodium and later 
(Ber., 1897, 30, 2484) in isoamyl alcohol solution by sodium. We 
find that it may be readily prepared by the following simple pro¬ 
cess : Harmaline (5 grams), dissolved in water (100 c.c.) and hydro¬ 
chloric acid (20 c.c.), is heated to boiling and then sodium amal¬ 
gam (300 grams of 3 per cent.) added in three portions, together 
with further small quantities of hydrochloric acid, so that the 
liquid is always strongly acid. The deep yellow colour of the 
harmaline hydrochloride gradually disappears and the solution at 
the end is almost colourless. On cooling, the sparingly soluble 
hydrochloride of tetrahydroharmine separates in colourless crusts, 
and this is collected, dissolved in hot water, precipitated by am¬ 
monia, and the base crystallised from methyl alcohol, from which 
it separates in bundles of needles melting at 198—-199°, (Found, 
C = 72*3; H = 7*6. C 13 H lti ON 2 requires 0 = 72*2; 11 = 7*4 per cent.) 
A further quantity may be _ obtained from the original mother 
liquors of the hydrochloride, and the total yield is about 90 per 
cent, of that theoretically possible. 

Oxidation of Tetrahydroharmine to Harmaline.— In this experi¬ 
ment tetrahydroharmine (2 grams), dissolved in acetone (150 c.c.), 
was cooled to —10° and then oxidised by the gradual addition of 
very finely powdered permanganate (4 grams). The oxidation takes 
place very gradually, and as soon as the permanganate has been com¬ 
pletely decolorised, the whole is filtered and the acetone filtrate con¬ 
centrated to a small bulk, when a mass of crystals separates which 
melt at 245° and consist of harmaline, as a mixed melting point and 
careful comparison of properties clearly demonstrated. (Found, 
0 = 73*2; 11 = 6*6. C 13 H 14 03Sf 2 requires C = 72‘9; TI= 6*6 per cent.) 

Conversion of Tetrahydroharmine into Methyltetrahydroharmine 
(m. p. 176°). 

The metliylation of tetrahydroharmine takes place readily under 
the following conditions: Tetrahydroharmine (3 grams), suspended 
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in benzene (10 c.e.), is stirred with methyl sulphate (3 e.c.), causing 
a considerable rise of temperature and separation of a syrup which 
consists mainly of the methyl hydrogen sulphate of methyltetra- 
hydroharmine. 

After twenty-four hours the benzene is decanted, the syrup 
rubbed and washed with ether, during which it becomes very 
viscid and stringy, but does not crystallise. This syrup, which 
contains some tetrahydroharmine methyl hydrogen sulphate or sul¬ 
phate, was dissolved in water, in which it is very soluble, and mixed 
with ammonia, when a syrup separated which gradually crystal¬ 
lised. This was collected, dissolved in boiling methyl alcohol, 
cooled, and vigorously stirred, causing an appreciable amount (about 
0*3 gram) of tetrahydroharmine to separate, which was removed by 
filtration. 

The filtrate was allowed to evaporate and the residual pale brown 
syrup rubbed with a few drops of methyl alcohol, when it soon 
began to crystallise and, after remaining in contact with porous 
porcelain and recrystallisation first from benzene and then from 
methyl alcohol, a colourless mass of needles was obtained which 
melted at 174—176°, and consisted of methyltetrahydroharrnine 
(Found: C = 73'3; H = 7*9. C 14 H 18 ON 2 requires C = 73’l; H = 7‘8 

per cent.). 


The Behaviour of Hour mine Derivatives with Diamnium Salts. 

Harmine, harmine methosulphate, methylharmine, methylhar- 
mine methosulphate', methylharminesulphonic acid, norharmine, 
and methylnorharmine do not react with benzenediazonium 
chloride, ^-nitrobenzenediazonium chloride, or diazobenzenesul- 
phcraic acid in aqueous acid, alkaline, or neutral solution. 0. 
Fischer and Boesler (loc. cit.) have shown that harmaline forms 
bisazo-derivatives, and for the sake of comparison with y^-nitro- 
benzeneazotetrahydi^o-harmin© we prepared the condensation pro¬ 
ducts from harmaline and harmaline methochloride with p-nitro- 
benzenediazonium chloride in dilute acetic acid solution in the 
presence of sodium acetate. Harmaline gave a dark chocolate- 
brown precipitate, which appeared slowly and dissolved in concen¬ 
trated sulphuric acid to a fine, intense royal-blue solution, which, 
on keeping, became successively dull reddish-purple, reddish-brown, 
and brown. Harmaline methochloride under similar conditions 
gave an almost black precipitate, which dissolved in sulphuric acid 
to a blue solution which, on keeping, became bluish-green, olive- 
green, and finally dull brown. Methylharmalinesulphonic acid (or 
harmaline-methohydroxide-sulphohic anhydride) also condenses 
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with diazonium salts in alkaline solution, and with tetrazotised 
benzidine yields a dull reddish-purple solution with very deep green 
fluorescence. On the addition of acid, the solution becomes orange- 
yellow and the fluorescence disappears, but tile alkaline solution 
dyes cotton in dull mauve shades unaffected by acid. Tetrahydro- 
harmine and iV-methyltetrahydroharmine condense immediately 
with diazonium salts ir acetic acid solution. With tetrazotised 
benzidine either of these bases gives a bright red precipitate which 
dissolves in dilute hydrochloric acid to a reddish-purple, bluish- 
purple, or pure blue solution according to the concentration of the 
acid. In concentrated sulphuric acid the solution is pure blue. 
A. dilute acid solution dyes cotton in intermediate shades. The. dyed 
fabric becomes blue if placed in moderately concentrated hydro¬ 
chloric acid, and on washing with water the colour changes to terra¬ 
cotta. Cotton is also, dyed terra-cotta by an alcoholic solution of 
the azo-derivative. With simple benzenediazonium salts, tetra¬ 
hydroharmine gives yellow to orange precipitates, whilst with those 
derived from naphthylamines the colour is usually red. 
p <~Nitrob en s eneaz otetrahydroharmine, 


ch 2 



NH OH Me 


is, obtained as a reddish-brown precipitate on the addition of a 
solution of p-nitrobenzenediazonium acetate to an aqueous acetic 
acid'“Solution of tetrahydroharmine. Tetrahydroharmine (O'216 
gram) was dissolved in water (10 e.c.) and acetic acid (2 c.e.). 
p-Nitroaniline (0'272 gram: 2 mols.) was dissolved in warm concen¬ 
trated hydrochloric acid (3 c.c.), diluted with water (10 c.c.), and 
diazotised by the addition of. sodium nitrite, after , which the solu¬ 
tion was mad© up to 25 c.c. by the addition of saturated aqueous 
sodium acetate solution. On© half exactly of the diazotised p-nitro- 
aniline solution was then added to the tetrahydroharmine solution, 
and after one minute the precipitate was collected, thoroughly 
washed with water, dried at 100° and in a vacuum over phosphoric 
oxide until constant. The amount obtained was 0'34Q gram, which 
is a yield of 93 per cent, of the theoretical. The filtrate contained 
no diazonium salt and, on the addition of the second half of the 
diazotised p-nitroaniline, there was a small precipitation of azo- 
derivative, but on adding an amount of tetrahydroharmine, dis¬ 
solved in dilute acetic acid, judged to be approximately 0’2 grain, 
there was a voluminous precipitate. . This experiment proves that 
the condensation occurs between one molecule of the base and one 
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of tli© diazonium salt. The substance is soluble in boiling alcohol 
to a crimson solution and, on allowing to cool slowly, tlie greater 
part separated in an unsatisfactory condition, but the black 
powder was mixed with some long, coal-black needles which formed 
aggregates that could be separated mechanically. These were dried 
in a vacuum over sulphuric acid and analysed: 

01147 gave 0-2638 C0 2 and 0*0554 H 2 0. C = 62'7; H = 5*4. 

C 10 H 19 O 3 N 5 requires C = 62-5; ~H = 5‘2 per cent. 

pdV itrobemeneasotetrahydroharmine melts at 173—175° with 
decomposition to a black froth. It dissolves in concentrated, hydro¬ 
chloric acid to a crimson solution which becomes orange-red when 
greatly diluted with water. Unlike the nitrobenzeneazo-derivatives 
from harmaline and methylharmaline, the solution in sulphuric 
acid is carmine and does not change appreciably on allowing to 
remain. The black needles give a chocolate smear on paper, and 
this exhibits a beetle-green lustre. Methyltetrahydroharmine yields 
a very similar substance on coupling with diazotised p-nitroaniline, 
whilst methyltetrahydroharmine methosulphate in dilute acetic acid 
solution in the presence of sodium acetate yields an orange-red 
solution on the addition of p~ni trobenzenediazonium acetate, and 
this solution becomes blood-red on making alkaline with sodium 
hydroxide. The base, melting at 129°, obtained from the latter 
methosulphate by the action of alcoholic potassium hydroxide 
(p. 956), yields in acetic acid solution an orange-red liquid which 
becomes carmine on the addition of hydrochloric acid. 


Bcnsen eazatetraht/droharmines ulphonic A dd, 


OH, 



NH CHMe 


Tetrahydroharmine (1 gram) in dilute acetic acid (100 e.c.) was 
mixed with a solution of diazobenzenesulphonic acid (from 1 gram 
of sulphanilic acid) when an orange liquid was obtained, and in a 
few minutes an orange-yellow azo-compound separated in glistening, 
microscopic prisms. The substance was collected and purified by 
solution in dilute aqueous sodium hydroxide and precipitation by 
the addition of acetic acid. The crystals were collected, washed 
with water, and dried at 100° : 

0*2860 gave 0-1658 BaS0 4 . S —80. 

C 19 H 20 O 4 N 4 S requires S = 8-0 per cent. 
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Tli© substance is not soluble in cold sodium carbonate solution 
and is very sparingly soluble in organic solvents even in boiling 
glacial acetic acid. It dissolves in aqueous sodium hydroxide to a 
bright orange-yellow solution, and this becomes crimson on the 
addition of hydrochloric acid. The change is very similar to that 
which is exhibited by methyl-orange when treated in a similar 
manner, but the harmine derivative gives a more intense colora¬ 
tion. It is, however, not so sensitive an indicator as methyl- 
orange and requires a higher concentration of hydrogen ion in order 
to effect the change of colour. A crimson acid solution was diluted 
with water until the colour had become orange-brown, and on the 
addition of a trace of methyl-orange the crimson colour was 
restored. Silk and wool are dyed in pale yellow shades from a sus¬ 
pension of this substance in hot dilute acetic acid. 


BenzeneazomethyltetrahydroharminesuIphonic Acid, 

This substance was prepared from methyltetrahydroharmine in 
exactly the same way as described above for the corresponding tetra¬ 
hydroharmine derivatives. The only difference noted was that it 
crystallised more slowly from solution and had a reddish-brown 
colour. In acid and alkali it behaved exactly as the substance Just 
described: 

0*3142 gave 0*1787 BaS0 4 . 8=7*7. 

C 2 qH 23 0 4 N 4 S requires S = 7*8 per cent. 

It is an interesting circumstance that the basic nitrogen atom 
of tetrahydroharmine is not concerned in the coupling with diazon- 
ium salts, and this follows from the observation that A-a cetyl tetra¬ 
hydroharmine, which does not dissolve in dilute acids, condenses 
with diazobenzenesulphonic acid in aqueous acetic acid solution 
with the formation of an azo-derivative which is crimson in acid 
and yellow in alkaline solutions. The oxidation product of liar- 
maline methosulphate, keto4*onorroethyltetrahydroliarmine (m. p. 
228°, p. 980), does not condense with diazonium salts. 


Colour Reactions for Indole Derivatives applied to Degradation 
Products of Harmine. 

O. Fischer ( Ber 1897, 30, 2484) noted that tetrahydroharmine 
colours a pine shaving green in hydrochloric acid solution and that 
dihydroapoharmine (Ber, ,1889, 22, 640). under the same condi¬ 
tions produces an orange colour, but these reactions are not very 
VOL.'CXV. ' F F, 
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characteristic, and we have tried to obtain more definite evidence 
that harmine is an indole derivative. Almost all the hydro-deriv¬ 
atives give indole indications after fusion with potassium hydroxide, 
but w© specifically mention only those examples which are character¬ 
istic. Ketoisonormethyltetrahydroharmine (m. p. 228°, p. 960), 
obtained by the oxidation of harmaline methosulphate, is very 
stable towards fusion with potassium hydroxide, and remains for 
some time as a yellow or yellowish-brown oil. At a certain point 
the mixture froths and becomes almost homogeneous and the reac¬ 
tion is then finished. Water is added and the liquid extracted with 
ether. The colourless, ethereal solution is washed with dilute hydro¬ 
chloric acid and evaporated, when a small residue is obtained, and 
this colours a wood shaving blue, in alcoholic hydrochloric acid 
solution, and gives a deep blue coloration with p-dimethylamino- 
benzaldehyde and aqueous-alcoholic hydrochloric acid on gently 
wanning. The ethereal solution evidently contained a neutral 
indole derivative, and this was confirmed by treating another por¬ 
tion with concentrated hydrochloric acid and vanillin, when a crim¬ 
son solution was obtained. Still another portion was dissolved in 
sulphuric acid to an orange-red solution, which on the addition of a 
trace of glyoxylie acid (obtained by adding magnesium powder to a 
concentrated aqueous solution of oxalic .acid) became brownish- 
purple. The hydrochloric acid washings of the ethereal extract 
were rendered alkaline with sodium hydroxide and extracted with 
ether. After removal of the solvent the colour reactions just 
described could be obtained. The fusion of the substance melting 
at 228°, with potassium hydroxide, results, therefore, in the pro¬ 
duction of a basic and a neutral indole derivative. The colour 
obtained with •p-dimethylaminobenzaldehyde indicates that an 
a-position has been set free in the indole ring, since scatole gives a 
blue coloration with this reagent, whilst a-metliylindole gives a 
crimson colour and its methylenedioxy-derivative (Foulds and 
Bobir son, T., 1914, 105, 1969) almost an identical shade, showing 
that alkyloxy-groups in the ring are not likely to : modify these 
colour reactions to any great extent. ' When isornethyltetrahydro- 
harmine methohydroxide methyl ether (m. p. 129°, p. 956), 
obtained from, methyltetrahydroharmine methosulphate by the 
action of methyl-alcoholic potassium ; hydroxide, is fused with 
alkali in the presence of air at a high temperature and the product 
subsequently treated with water, acidified, and the solution eva¬ 
porated to dryness, a mauve-red coloration is obtained in the test 
with p-dimethylaminobenzaldehyde. This indicates the production 
of an indole derivative with a free $-position. The base, melting at 
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129°, and also Wacetyltetrahydroharmine yield, beyond question, 
indole derivatives when warmed with concentrated hydrochloric 
acid. The acetyl derivative gives a deep greenish-blue coloration 
when heated with hydrochloric acid and then mixed with an alco¬ 
holic solution of p-dimethylaminobenzaldehyde. 

Either compound when heated with concentrated hydrochloric 
acid for thirty seconds and then treated with a little vanillin gives 
a most intense permanganate-coloured solution and, on the addi¬ 
tion of water, a purple precipitate. Tetrahydroharmine itself gives 
a somewhat similar, but far weaker, reaction and a colourless sub¬ 
stance separates. On adding water the latter remains unchanged, 
but most of the colour of the liquid is discharged. With vanillin 
and hydrochloric acid, a-methylindole gives an orange colour and 
/3-methylindoie a blue solution. 

Universities of Oxford and Liverpool. 

[Received, June 23rd, 1919.] 


LXXX .—Harmine and Harmaline. Part IV. 

By William Henry Perkin, jun., and Robert Robinson. 

In Part III. of this research (this vol., p. 937) it was argued that 
harmine must be represented by one of the formulae I or II, and 
evidence was brought forward which was interpreted in favour of 
the first of these alternatives : 



NH Me NH 

(I.) (II.) 


The corresponding expressions for the base, barman, which O. 
Fischer (Ghent. Centr., 1901, i, 957) obtained by eliminating the 
methoxyl group from harmine are III and IV respectively. In the 
communication already quoted (p. 945) the present authors also 
considered the question of the probable nature of a base, C 12 H 10 N 2 , 
prepared by Hopkins and Cole (/. Physiol. 1903, 29, 451) from 

N N 2 
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tryptophan by oxidation with ferric chloride, and suggested the 
representations III and V, of which the former was preferred: 



(III.) (IV.) (V.) 


The possibility was therefore mooted that the base, 

(m. p. 238°), might prove to be harman (m. p. 230° according to 
O. Fischer, loc. tit.), and we are now able to state that this is 
actually the case. We are greatly indebted to Professor F. Gow- 
land Hopkins, F.B.S., for a specimen of the base, C 12 H 10 N 2 , and, 
as the result of a careful comparison, we can detect no difference 
between this substance and harman, the melting point of which we 
find is also 238°. The details are given in the brief experimental 
portion appended, and some of the theoretical consequences of this 
interesting result may now be considered. In the first place this con¬ 
junction of the chemistry of harmine and of tryptophan very much 
strengthens the case for acceptance of the formula X as the best 
summary of the relations of baxmine, since it is almost inconceivable 
that a substance constituted as IV could arise from tryptophan, 
even m the presence of other substances. The only loophole is the 
possible occurrence in some specimens of this amino-acid of a 
methyltryptophan (VI), which is extremely improbable: 



Secondly, the theory put forward in our preceding memoir (loc. 
cit.. p. 944) that harmine originates in nature from a hydroxy- 
tryptophan receives important confirmation, since harman may now 
be so simply obtained from tryptophan in the laboratory. Clearly 
the mechanism of the latter reaction is a matter worthy of close 
investigation, since it is probably on analogous lines to the vital 
synthesis of an alkaloid. One possibility is expressed in the follow¬ 
ing scheme, in which tryptophan alone is supposed to yield the base 
and in which the unusual fission, occurring at the point indicated 
by the dotted line, may find some analogy in the decomposition of 
tryptophan by B. coli resulting in the formation of indole without 
scatole: 
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n/\/ M \/\/\/ 

JN'H OH NH M© 

ch 2 *oh 


On the other hand, it is more probable that the Me*C group is 
introduced as the result of the participation in the reaction of some 
substance which can yield acetaldehyde on oxidation, and as alanine 
is such "a compound it appears feasible to suggest that barman, is 
the result of the oxidation of a mixture of tryptophan and alanine 
or equivalent dipeptides containing tryptophan and alanine units. 
The process could then be represented in the manner shown on 
p. 970. 

There are naturally other possibilities, such as the presence of 
ethyl alcohol or acetic acid. 

The fused benzene-pyrrole-pyridine nucleus which it now seems 
certain is contained in the molecule of harmine does not find a place 
in any approved system of nomenclature, and we therefore suggest 
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( \-j0H 2 -CH(NH 2 )-CO-NH-CHMe“CO 3 H 

NH 


■o x s, 

' J G- 


/\. 

NH s + 2C0 2 + ^ | 

NH , CHU 

+ i 

Me 



/\_ 

l L i Jnh 



NH Me 


the name ' carboUne’* for this structure, indicating an analogy 
both to carbazole and quinoline. There are four carboline substi¬ 
tution products and these rnay be named in accordance with a 
scheme of numbering which is the same in all cases, and is indi¬ 
cated below in the case of 4-carboline (worharman): 




\ 


y\A\/ 

** NH a 
1 

4-Carbolme, 


>N . 


N 



3-Carboline. 5-Carbolme. 6-CarbpHne. 


Isomeric and probably tautomeric with these are the four ‘iso- 
carbolinesj the numbering of which need not differ from that of the 
carbplines. Thus harmine is ll-methoxy-3-methyl-4-carbol2ne, 

* The term ** carbazoline ” has already been used to denote reduction 
products of carbazole (compare Q&TTmco, Gazzelta, 1908, 38, ii, 301). 
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whilst methylharmine (VII, compare this voh, p. 942) is 
1 l-methoxy-3 :4 - dim ethy 1-4-isocarholine; 

A\_A\ /\_ 

Meol \AA> M8 N U\/ 

N Me . Me NH 

(VII.) (VIII.) 

tfpoHarmine, it may be pointed out, has now been shown to be 
8-methyl-7-pyrindole (VIII) in accordance with the nomenclature 
previously suggested (T., 1912, 101, 1787) for fused pyrrole-pyr¬ 
idine nuclei. 


Experimental. 

O. Fischer (loc. cit.) converted harmine into the corresponding 
phenol, harmol, by demethylation with concentrated hydrochloric 
acid in a sealed tube at 140—170°. We have employed this method 
also, but, in addition, have prepared harmol in almost theoretical 
yield by boiling harmine with an excess of hydriodic acid (D 1*7) 
during five hours. On dilution with water and the addition of 
enough sulphurous acid to> remove the free iodine, a crystalline pre¬ 
cipitate remained and this was collected and dissolved in dilute 
aqueous sodium hydroxide. The filtered solution was acidified with 
acetic acid and the harmol precipitated by the addition of ammonia. 
The base was at first somewhat viscid, but very soon became granu¬ 
lar and crystalline, and was then collected, washed with water, and 
dried at 100°. Harmol may be converted into harman by careful 
distillation with a very large excess of zinc dust in a stream of 
hydrogen, but owing to the high melting point of harmol the yield 
is unsatisfactory. The crude product from the distillation of 
15 grams of harmol, intimately mixed with 250 grams of zinc dust, 
was dissolved in the minimum of cold concentrated sulphuric acid 
and the diluted solution mixed with insufficient aqueous ammonia 
to neutralise the acid. The sparingly soluble sulphate, which 
separated almost immediately, was collected and decomposed by 
aqueous sodium hydroxide, when the recovered base, after three 
crystallisations from benzene, melted at 238°. Harman was also 
prepared by O. Fischer's method from aminoharman and, as it was 
thought that the product might be contaminated with ethylharmol, 
it was boiled with an excess of concentrated hydriodic acid during 
an hour and the solution diluted, treated with sulphurous acid, and 
finally with an excess of sodium hydroxide. The precipitated base 
was collected, crystallised, from benzene, and obtained in prisms 
melting at 238° alone or mixed with .'a. specimen of harman pro- 
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pared as described above. The specimen of the base C J2 H 10 N 2 which 
Professor Hopkins kindly sent us melted at 238° after two crystal¬ 
lisations and the melting point was not depressed by intimate mix¬ 
ture with an approximately equal amount o-f pure barman. Harman 
crystallises from benzene in well-defined prisms, the sulphate, from 
dilute sulphuric acid, in radiating clusters of short, delicate, micro¬ 
scopic needles and the mercurichloHde from dilute hydrochloric 
acid containing mercuric chloride in long, slender needles. Under 
the microscope the latter are seen to extend across the field, and 
each crystal presents the appearance of two sharply defined, straight, 
parallel lines very close together. The respective crystalline forms 
and approximate solubilities of the base from tryptophan and its 
sulphate and inercuiichloride were carefully compared with those 
of barman and the two salts thereof, with the result that complete 
identity was observed. 0. Fischer states that solutions of salts of 
harman fluoresce blue, but we consider that it is violet, and the 
shade and intensity of fluorescence were identical in the cases of 
solutions of harman and of the base from tryptophan. The follow¬ 
ing experiments were carried out with both specimens and identical 
results observed. A trace of harman was boiled during five 
minutes with an excess of methyl iodide, after which the mixture 
was ev.apnrated to dryness. The pale yellow residue which was 
sparingly soluble, even in boiling water, was heated with an 
aqueous suspension of freshly precipitated silver chloride and the 
solution filtered. The colourless aqueous solution of harman metho- 
chloride so obtained exhibited a bluish-violet fluorescence. On the 
addition of a drop of aqueous sodium hydroxide there was no pre¬ 
cipitate, but, on the further addition of sodium hydroxide, a pale 
yellow precipitate was obtained. On shaking with benzene the 
latter extracted a bright yellow substance and the solution had a 
green fluorescence. 

The benzene extract was separated and, on the addition of dilute 
hydrochloric acid, became colourless and the aqueous layer acquired 
a violet fluorescence. When harman is heated with phthalic anhy¬ 
dride a yellowish-brown fusion is obtained, and, on boiling with 
alcohol and cooling the solution, a sparingly soluble, orange, crys¬ 
talline substance separates. The reaction is probably due to a con¬ 
densation which involves the methyl group in the a~position in the 
pyridine ring, and harmine exhibits a quite similar behaviour. 

Universities of Oxford and Liverpool. [Received, July 5th, 1919.] 
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LXXXI .—A New Photographic Phenomenon. 

By Donald Neil McArthur and Alfred Walter Stewart. 

Although the phenomenon here described has not yet been entirely 
elucidated, the present preliminary note appears to be justified by 
the results which have already been obtained. A sensitive photo¬ 
graphic plate is placed, film upward, at the bottom of a light-tight 
box; on the film are placed two or more glass microscope slides, 
and resting on these supports is laid a negative, also film side 
upward. The box is then closed and is placed in the neighbour¬ 
hood of a Bunsen burner, a bat’s-wing flame, or an electrical kettle- 
heater. After an exposure of some hours, the plate after develop¬ 
ment shows an image of the negative. The resulting photograph 
is the reverse of the original negative, that is, it is. a positive such 
as would be obtained by simple printing with sensitised paper in 
the usual way. 

In the experiments made, the plates used have been Wellington 
Anti-screen, Imperial Extra Bapid and Imperial Sovereign makes, 
different batches of each kind having been employed. 

The material of the box may be either wood or cardboard: Care 
has been taken that no light enters the box; certain of the experi¬ 
ments having been conducted in total darkness, whilst in other 
cases the openings between the two halves of the boxes have been 
carefully sealed. The results are obtained whether the box is left 
in the open air or is enclosed in an air-tight desiccator. 

The nature of the source of heat appears to exercise some 
influence on the rapidity with which the effects are produced. Very 
poor results are yielded by a Meker burner; poor results are given 
by a Bunsen flame impregnated with calcium salts; with lithium 
or sodium salts, the effects are more strongly marked. The electric 
heater gives very good results when worked on its lower resistance. 

The distance between the box and the source of heat has usually 
been about 30—-45 cm., but on one occasion results were obtained 
with a box placed in a cupboard 180 cm. away from a sodium 
burner, although in this case the exposure was an extremely pro¬ 
longed one. 

The most striking peculiarity of these experiments is the fact 
that when the box is arranged so that the sensitive plate lies 
between the source of heat and the negative, the results are 
obtained just as sharply as if the negative had been interposed 
", between;:the heater . and the sensitive,:plate,. Were direct-acting 
. rays concerned in the matter,'it seems clear that in these eircum**' 

VOL. CXV. O O 
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stances the plate would be fogged by tbeir passage through it 
before they reached the negative at all. 

The results are not due to any radioactive material in the neigh¬ 
bourhood, for one of us carried out test experiments in the labora¬ 
tory of the Queen’s University of Belfast, where no radioactive 
contamination exists, and the effects were obtained there also. 

The effects cannot be ascribed to the negative having stored up 
light which it liberates again in the dark, for a parallel experi¬ 
ment made with a negative which had been specially illuminated 
for ten minutes within 15 cm. of a spectroscopic spark apparatus 
gave no results when no source of heat was present. 

The rays which produce the effects on the sensitive plate appear 
to be similar in properties to light rays. Glass is practically trans¬ 
parent to them; inkstains, seccotine, and metal show different 
degrees of opacity. It has been found that the rays can be 
diffracted and refracted just like ordinary light. 

The matter is being further investigated, but the foregoing is 
sufficient to show that an interesting field has been opened up. 

The Physical Chemistry Laboratory, 

Glasgow University. [Received, June 2 nd , 1919.] 


LXXXII .—The Stereochemistry of Hyoscine . 

By Harold King. 

In a former communication (this vol., p. 476), it was shown that 
by resolution of a weakly active hyoscine by means of d~ a-bromo- 
Tr-camphorsulphonic acid, ^-hyoscine bromocamphorsulplionate was 
obtained as the more sparingly soluble salt. The base proved to 
be the enantiomorph of the therapeutically valuable /-hyoscine c£ 
commerce. The unexpected discovery was made, however, that'db 
and Z-hvoseines gave «ZZ-oscme on hydrolysis with acid or alkali, 
whereas benzoyl-cZ-oscine under similar conditions gave optically 
pure cZ-oscine. Furthermore, the d~ and Z-oscine bases prepared 
by resolution of cZZ-oseine were not raeemised by acid or alkali. On 
these grounds, d- and Z-hyoscines were regarded as partially racemic 
esters, the optical activity being solely conditioned by the activity 
of the tropyl radicle. 

In the present communication, further confirmatory evidence is 
adduced. In 1908, Wolffenstein and Mamloek (. Ber ., 41, 730) 
showed that atropine (tropyltropine) can be converted into 
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/3-clilorohyclratropyltropine, and that, on evaporation of the 
ethereal solution of this base, an intramolecular change takes place, 
hydrogen chloride being transferred from carbon to nitrogen, with 
the formation of ^poatropine hydrochloride. 

CH./CH--CH 2 GH 2 -OH CHg'CH-CH 2 CH 2 C1 

| NMe Ofl-OCO-CHPh | NMe OH-O-CO-CHPh—> 

GH/OH-CH 2 CH 2 

CH 2 -CH-CH 2 CH„ 

I “H I I 11 

“>NMe CH'OCOCPh . 

' 4 l 1 

GH 2 -CH-CH 2 

Willstatter and Hug (Zeitsch. ‘physiol, Chem., 1912, 79, 148) 
showed that, in a precisely similar manner, Miyoscine on treat¬ 
ment with thionyl chloride gave jS-chlorohydratropyloscme hydro¬ 
chloride, and the ethereal solution of the base, on evaporation, gave 
apohyoscine (n.poscopolamine) hydrochloride. 

<pEf 2 ‘OH CH 2 C1 

Ph*CH’C0 2 *C 8 H 12 0N Ph‘CH*00 2 *C 8 H 12 0N 

CH, 

Ph'OC0 2 *C 8 H 12 0N',H01. 

This reaction destroys the asymmetry of the tropyl group, and 
could it be carried out under mild conditions, so as to preclude 
hydrolysis and racemisation, it should indicate whether the oscine 
portion of the molecule is active or inactive in Miyoscine. Will¬ 
statter and Hug, apparently unaware of the significance of this 
reaction, did not record the polarimetric examination of apo- 
hyoscine. Moreover, they used potassium carbonate for liberating 
the bases from their salts, this alkali being known to racemis© 
Miyoscine partly if contact is at all prolonged (Schmidt, Arch. 
Pharm., 1898, 47, 236), and their yield of apohyoscine was only 
50 per cent,, the loss being attributed to hydrolysis. It has now 
been found that, on replacing potassium carbonate by the much 
weaker alkali sodium hydrogen carbonate, the reaction proceeds 
quantitatively throughout, and the resulting opohyoscine is 
optically inactive. 

To complete the proof of the partial racemic ester nature of 
Miyoscine, the resolution of apohyoseine has been attempted. 

npoHyascine camphorsulphonate (m. p. 157—158°) is a very 
readily soluble salt which can he recrystallised from a mixture of 
alcohol and ether, but shows no signs of resolution. The bromo- 
■ • camphorsulphonate'. • was ■: not ; obtained : crystalline, , but ■■■ the 

o o 2 
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d- hydro,gen tartrate crystallises well from water. It contains two 
molecules of water of crystallisation, melts at 95—97°, and has 
\a] iy -1-8-6° in water. Repeated crystallisation failed to change its 
melting point or its specific rotation. 

The results so far obtained are best explained on the assumption 
already made that d- and Z-hyoscines are partially racemic esters, 
4-hyoscine being composed of 4-tropyl-cZ-oscine and o^tropy 14-os cine, 
whilst Z-hyoscine contains the enantiomorphs. Although cZ-hyoscine 
is not further resolved by r/-a-bromo-7r-camphorsulphonic acid, it 
does not follow that Z-hyoscine is not resolvable by the same acid 
or that either base is not resolvable by other optically active acids. 
The behaviour of pure d- and Z-hyoscines towards the optically 
active acids, 4-camphor-/8-sulphonic, eZ-a-bromo-Tr-camphorsulphonic, 
and iZ-tartaric has now been investigated, but in no case was there 
any indication of resolution. The ^-hydrogen tartrate of 
4-hyoscine could only be obtained as an uncrystallisable syrup. 

The properties of the various crystalline camphorsulphonates are 
shown in the following table: 

a-a-Bromo-w-campborsul- 
<Z-Camphor-3-snlphonate. phonate 

" [M] d [M]i> 

[M]„ basic ion [M] n basic ion 

M. p. salt. (calc.). M. p. salt. (calc.). 

d-Hyosoine 175—177° +156-7° +106-3° 158—160° +370-5° +91-8° 

Z-Hyoscine 186—187° -40-8° -91-2° 169—170° +172-4° -106-3° 

The value obtained by direct observation on d~ or Z-hyoscine 
hydrobromides was [cc] D ±33° or [M] D ±100° (this vol., pp. 503, 504). 

A peculiar numerical relationship is observable in the calculated 
molecular rotatory powers of the basic ions, the significance of 
which is not clear. It suggests a further resolution of d~ arid 
Z-hyoscines, but, apart from these values, there is no evidence to 
support it, the picrate, for instance, prepared from, 4-hyoseina 
camphorsulphonate, being identical with that prepared from 
4-hyoscine bromocamphorsulphonate. 

In addition to the above salts, Z-hyoscine was found, on one 
occasion to form a labile salt with «Z-a-bromo-7r-camphorsulphonic 
acid. This salt melted at about 150° and had [a] D + 25-5°, 
[M] d +157°, but it was not obtained quite pure, as after two 
crystallisations it became transformed into the ordinary form of 
higher melting point (169-—170°), and subsequent attempts to 
reproduce it were unsuccessful. Whether the tautomerism is 
centred in the bromocamphorsulpbonic acid portion of the mole¬ 
cule, as has only rarely been observed (Kipping and Tattersall, T„, 
1903, 83, 918), or in the hyoscine portion of the molecule, must 
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for tli© present remain undecided. In this connexion, however, 
it is possibly significant that Wentzel ( Dissertation , cited by Hesse, 
J. pr. Ghem., 1901, [ii], 84, 274), by crystallising 7-hyoseine hydro- 
bromide from alcohol, obtained a lsevo-hyoscin© hydrobromid© of 
much higher rotatory power, namely, [a] D —32-9°, which fell, on 
keeping, to —25*8°, the usually observed value. Hesse (ibid,, 353) 
claims to have partly substantiated this observation. This 
enhanced value for the anhydrous 7-hyoscine hydrobromid© gives a 
calculated value [os] D + 24*8° for the ^a-bromo-7r-camphor- 
sulphonate, a value of the same order as that observed, [cc] D + 25*5°, 
for the labile bromocamphorsulphonate described above. 

The present author has obtained another 7-hyoseine bromo¬ 
camphorsulphonate, [o] D +17’9°, m. p. 200°, during the resolution 
of a weakly active hyoscine by means of a-bromo-Tr-eamphor- 
sulphonic acid. The amount of materia! was, however, only 
sufficient to prove the identity of the 7-hyoscine. It is not improb¬ 
able that the acid contained in this salt is an isomeric acid which 
was present as an impurity in the original ammonium cc-bromo-7T- 
camphorsulphonate used. 

Experimental. 

Preparation of dl-apo Hyoscine from 1 -Hyoscine. 

The method employed for preparing this base is a modification 
of that given by Willstatter and Hug (loc. cit.). 

7-Hyoscine hydrobromide (3*87 grams) was converted into the 
base by the use of sodium hydrogen carbonate and chloroform. 
The chloroform-free base was warmed gently with 10 c.c. of thionyl 
chloride. The reaction proceeded smoothly, and, after keeping the 
product overnight, the thionyl chloride was distilled off under 
diminished pressure, and the last traces were removed by repeated 
extraction and evaporation with ether. The ' j8-chlorohydratropyl- 
oscine hydrochloride was dissolved in a little water, the solution 
rendered alkaline with sodium hydrogen carbonate, and the base 
thoroughly extracted with ether. Unlike 7-hyoscine, this ehloro- 
substituted base could be readily extracted. The ethereal solution 
was evaporated to dryness, leaving a pale yellow oil, which immedi¬ 
ately became opalescent, and, on digesting on the water-bath with 
fresh ether, no longer dissolved, but commenced to crystallise at 
the edges. On keeping for two days, it had crystallised completely 
in rosettes of stout needles consisting of apphyoscin.e hydrochloride. 

A 2*5 per cent, aqueous solution was neutral to litmus, and when 
^examined in a 2-dcm. tube proved to have no action on the plane 
of polarised light. 
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The salt (2*7 grams) -was dissolved in water (15 c.c.), the solu¬ 
tion rendered alkaline with sodium hydrogen carbonate, and the 
base completely extracted with ether. On removal of the solvent, 
the base crystallised readily in rhomboidal plates. It melted at 
75—78°, and amounted to 2-4 grams. Theory requires 2*5 grams. 
It was recrystallised from light petroleum (b. p. 40—60°), and 
separated in magnificent rhomboidal plates. The yield was 2*2 
grams, and the base now melted at 79—80° (79—80° corr.). 

The base was examined in 2*5 per cent, solution in absolute 
alcohol in a 2-dcm. tube, but was quite inactive. 

Willstatter and Hug record the melting point 97° for 
u/whyoscine base, but this appears to be a misprint for 79°, as the 
nitrate, picrate, and aurichloride were found to melt at 157° 
(decomp.), 217—218°, and 188° respectively, in substantial agree¬ 
ment with Willstatter and Hug's recorded values, 157°, 217°, and 
183—184° respectively. The appearance and solubilities of the 
base and these salts were also in agreement. (Aurichloride.— 
Found: Au = 31-5. C 17 H 19 0 3 N,AuCl 3 ,HCl requires An = 31*5 per 
cent,). 

dl-apo Hyoscine Camphor-fH-sidphonate. 

opoHyoscine base was converted into its salt, with camphor-j8- 
sulphonic acid. It crystallised from a mixture of absolute alcohol 
and ether in irregular-shaped leaflets. It was recrystallised twice, 
yielding/finally, 0*65 gram melting at 157—158° (160*5—161*5° 
corr.). 

The specific rotation was determined in water. 
c = 2*069; £ = 2-dcm.; a+0-404°; [a] D +9*76°; [M] D +50*5°. 

The value of [M] n is in excellent agreement with that recorded 
by Graham. (T., 1912, 101, 747), namely, [M] D +50*4° for the 
eamphorsulph onic acid ion. That there was no resolution was con¬ 
firmed by extracting the base from the solution, which had been 
used for determining the rotatory power, after rendering alkaline 
with sodium hydrogen carbonate and examining the solution of the 
base in absolute alcohol. It had no effect on the plane of polarised 
light, ‘ 

The salt with <f-a-bromo-7r-eamphorsulphonic acid was not 
obtained crystalline. 

dl-apo Hyoscine d-Hydrogen Tartrate. 

One gram of apohyoscine nitrate *was regenerated to base, using 
sodium hydrogen carbonate and ether. The d-hydrogcn tartrate 
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of the base was prepared in aqueous solution by combination with 
one equivalent proportion (0-45 gram.) of ^-tartaric acid. On con¬ 
centrating the solution to about 10 c.c., ^ohyoscine ^-hydrogen 
tartrate crystallised in clusters of radiating, white needles. The 
product was collected and washed with water. When dried in the 
air, it amounted to 1*15 grams. It was recrystallised four times 
from water, the properties of the successive fractions being as 
follows: 


I. ITS grams, 
II. 1'0 gram, 

III. 0-75 „ 

IV. 0-45 „ 


m. p. 97°, [a] D +8*74°. 

„ 95—97°, io] D + 8-35°. 

„ 95—97° [a] D + 7*78°. 

„ 95—97°, [a] D + 8*59°. 


Employing Landolt’s value, [M] D +42*84°, for ammonium 
hydrogen tartrate, the calculated value for hf-apohyoscine 
<Ahydrogen tartrate is [ct] D +9*1°, in approximate agreement with 
the values recorded above. The base when recovered from the 
fourth fraction was examined in absolute alcohol, but the solution 
was devoid of optical activity. 

dl-apo Hyoscine ^.-hydrogen tartrate is sparingly soluble in cold, 
but dissolves freely in hot water. It crystallises with two mole¬ 
cular proportions of water in clusters of long needles. In a 
capillary tube it melts at 95—97° (95—97° eorr.), and effervesces 
at 115°, but it melts below 90° when exposed on a watch-glass to 
a temperature of 90—95°. The water of crystallisation is not lost 
when the salt is dried in a vacuum over sulphuric acid: 

0*1037, air-dried, gave 0*2031 C0 2 and 0*0579 H 2 0. C — 53*4; 

H = 6*2, 

Cir^ANAH 6 0 6 ,2H 2 0 requires C = 53*5; H = 6*2 per cent. 

The specific rotation was determined in dilute aqueous solution, 
using the air-dried salt. 

c = 2*008; 7 = 2-dcm,; a + 0*345°* [a] D +8*6°i [M] D +40*5° 


H-Hyoscine Camphor-frmlphona-te. 

Almost pure (^-hyoscine base (1*5 grams) was neutralised with 
camphor-Asulphonic acid (1*16 grams). The syrupy salt was 
obtained crystalline by boiling with anhydrous ethyl acetate. It 
amounted to 2*3 grams and had [a] D +27*6°. It was recrystallised 
thrice more from anhydrous: ethyl acetate, the specific rotation of 
the three fractions being successively [a} D +29*5°, +29*4°, +29*3°. 
The: final fraction amounted to 1*5 grams. 

d-Syosdne eamphor-fi-sidphonaie crystallises well from anhydrous; 
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ethyl acetate, in which it is sparingly soluble, in elongated, 
hexagonal-shaped leaflets or in aeicular needles. Each fraction 
examined appeared to contain on© molecule of water, which was 
lost at 95°. The anhydrous salt melted at 175—177° (179—181° 
corr.). 

For the first crops of successive crystallisations, the percentage 
losses at 95° were 2*95, 3*33, T9, 2*95. 

G 17 H 21 O 4 N,C 10 H 16 O 4 S,H 2 O requires H 2 0 = 3*25 per cent. 

0*1055, dried at 95°, gave 0*2339 C0 2 and 0*0663 H 2 Q. C = 60*5 ; 

H = 7-0. 

C 17 H 21 O 4 N,C 10 H 16 O 4 S requires C = 60*5j H = 7*0 per cent. 

The specific rotatory power of the anhydrous salt was determined 
in water. 

c = l*994; Z = 2-dcm.; a+l°10'; [«]„ + 29*25°; [M] D + 156*7°. 

Employing the value [M]j, +50*4° for the camphor-jS-sulphonic 
acid ion, the calculated molecular rotation of the d-hyoscinium ion 
is [Mjjj +106*3°, whence [a] D + 34*9°. The value found by direct 
observation of eZ-hyoscine hydrobromide was [o] D +33*2° (this vol., 
p. 503). 

The picrate prepared from the four times recrystallised camphor- 
jS-sulphonate by double decomposition was identical with ^-hyoscih© 
picrate obtained from <£-h.yoscine a-bromo-w-camphorsulphonate. 

cZ-Hyoscine ^hydrogen tartrate was prepared, but all attempts 
to crystallise it failed. 


1 -Hyosdne Oamphcyr-ft-sulphonate. 

Pure Z-hyoscine base (1*4 grams) was neutralised in aqueous 
solution with Reychler’s camphorsulphonic acid (1*0 gram). The 
dehydrated, syrupy salt was dissolved in anhydrous ethyl acetate, 
and, on keeping, crystallised homogeneously in clusters of large 
plates. The salt, when collected, amounted to 1*7 grams, melted 
at 187—188°, and had [a] D —7*2°. It was recrystallised twice 
more, the melting point remaining the same.and the rotation being 
virtually unaltered with [a] D — 8*1° and [a] D -7*6° successively. 

l-Hyoscine camphor-fi-mlphonate crystallises from anhydrous 
ethyl acetate in transparent, rectangular plates. It melts at 
186—187° (190—191° corr.) : 

0*2181, dried at 95°, lost nil. 

0*0951 gave 0*2117 C0 2 and 0*0588 H a O. C = 60‘7; H«6*9. 

C 17 H 2a O 4 N,C 10 H' 16 O 4 S requires C = 60*5; H = 7*0 per cent. 

The specific rotation was determined in water. 
c=2*006; Z=2-dcm.; a -18*33'; [a] 0 -7*6°* [M] D -40*8° 
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whence is calculated [M] D for Z-hyoscinium ion —91-2° and 

[«] d -30*0°. 


I -Hyoseine d-a-Bro m. o-ir-camphorsulphona i e. 

This salt crystallises from anhydrous ethyl acetate in minute 
needles. The rotation is unchanged after repeated crystallisation, 
5*3 grams having [a] D + 28*28° yielding, finally, 1*8 grams having 
[a] D + 28'05°. It melts, when dried at 110°, at 169—170° 
(172*5—173-5° corr.). It is deliquescent in a damp atmosphere, 
and then crystallises in microscopic, rectangular leaflets, probably 
a hydrated form. The anhydrous salt was analysed, with the 
following result: 

0*2168, dried at 95°, lost 0*0003. Loss = 0-1 per cent. 

0*0997, „ 95°, gave 0-1934 C0 2 and 0*0538 II 2 0. 

C = 52*9; H = 6*0. 

C 17 H ai O 4 N,C 10 H ir ,O 4 BrS requires C = 52*7; H = 5'9 per cent. 

The specific rotation was determined in water. 

e = 2*026; l — 2-dcm.; a+l°8*2'; [a] D + 28*05°; [M] D +172-4°. 

This gives a value [M]j> —106*3° for the molecular rotation of 
the Z-hyoscinimn ion and [«] 0 —34*9°. 

Labile Salt. —On one occasion, a labile form of Z-hyoscine bromo- 
camphorsulphonate was isolated, the exact conditions being as 
follows. 7-5 Grams of freshly prepared, syrupy Z-hyoscine bromo- 
camphorsulphonate were repeatedly evaporated to dryness under 
diminished pressure with absolute alcohol in order to remove all 
adhering water. The residue, freed as completely as possible from 
absolute alcohol, was then dissolved in anhydrous ethyl acetate, 
and, on keeping for two days, a mixture of two salts separated in 
what appeared to be approximately equal proportions. On© salt 
had the characteristic crystalline appearance of Z-hyoscine 
cZ-a-bromo~7r-camphorsulphonate described above, but the other 
•formed tufts of much larger needles with a more glistening appear¬ 
ance. A trace of each was removed, when the former melted at 
169—170°, and was thus ordinary Z-hyoscine bromocamphor- 
sulplionate, whilst the second melted, either air-dried or dried at 
100°, at 150°. The whole of the deposit, was collected and re- 
crystallised from ethyl acetate. It separated overnight in tufts of 
silky needles, which melted at 150°, hut was contaminated by a 
much smaller proportion, this time, of ordinary Z-hyoscine bromo- 
camphorsulphonate, easily discernible as smaller, white tufts of 
needles. The product amounted to 3*6 grams. 

c = 2*068; Z= 2-dcm.; a+l°3*4'; [a] D +25*5°. 

O 0 s * 1 
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Tills value is distinctly less than [a] D + 28'0° observed for 
ordinary Z~hyoseine bromocamphorsulphonate. The product was 
again recrystallised, but gave the ordinary form of /-liyoscine 
bromocaniphor su 1 phonate melting at 169— 170°. All attempts 
again to isolate this labile salt from this particular batch of material 
were unsuccessful. 


1 -Hi/as cine lironiocaniphormlplimiate, m. p. 200°. 

By resolution of a weakly active liyoscine by dha-bromo-ir- 
camphorsulphonic acid (this vol., p. 502), it was shown that the 
more sparingly soluble salt was cZ-hyoscine a-b romo- tt - c am p h o v - 
sulphonate, and that from the mother liquors a deliquescent salt 
having a specific rotation approximating to that of a Z-hyoscine 
dba-bromo-w-camphorsulphonaie could be isolated. 

The final mother liquor, on prolonged keeping at a low tempera¬ 
ture, deposited T65 grams (1*6 per cent, yield) of a salt crystal¬ 
lising in rosettes of rectangular leaflets. It was not deliquescent 
and melted at 199—200° (203-—204° corr.). 

The specific rotation was determined on material dried at 95°. 
e *=1-943; Z = 2-dcm.; a+41'7'; [a] D +17‘9°. 

0-1028 gram, dried at 95°, gave 0*1994 CO, and 0-0553 H„0. 

C = 52-9* H = 6’0. 

C 17 H 2 i0 4 ISr,C 1 ( i H 15 0 i BrS requires G = 52-7; H = 5‘9 per cent. 

0*1 Gram of this salt was converted into the picrate, which 
amounted to 0-09 gram and melted at 183—186°'. On recrystal¬ 
lisation, it gave 0"08 gram melting at 185—186°, and when mixed 
with Z-hyoscine picrate, no depression in the melting point was 
observed. 

Wellcome Chemical Beseaj&ch Laboratories, 

London, E.C. [ Beceimd , June 27th, 1919.] 


LXXXI1L —Substituted Phenylarsinic Acids and their 
Reduction Products , and the Estimation of 

Arsenic in such Compounds. 

By Robert George Eaeghee. 

In the preparation of p -aminophenylarsinie acid (I) by Beehamp’s 
method ( Conipt . rend., 1863, 58, 1173), Pyman and Xieynolds (T., 
1908, 98, 1180) isolated as a by-product a small proportion of 
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b i s-p-amin oplie ay I a r sin i c acid (pp'-diaminodiphenylarsiiiic acid) 
(II). 

O 

Nh/ /'As0 3 H 2 Nh/ /-As-/ X >NH 2 

~ OH ' • 

(I.) (II.) 

In view of the close relation existing between tbe two acids and 
the importance of the former as the starting point for the pre¬ 
paration of salvarsan, it seemed to be of interest to prepare the 
corresponding 3 ; S'-dinitro -4 : ^-dihydroxy diphenyl a rsini c add (IV) 
and to examine its reduction products. 

o _ m 2 o __ 

Ok{ Vas-/ \oR Oli^ /-As-/ X )0H 

OH OH 

(III.) (IV.) 

For the preparation of this acid, the two methods described for 
3-nitro-4-hydroxyphenylarsinic acid (Bertheim, Ber., 1911, 44, 
3092; Benda and Bertheim, loc. cit 3445; Benda, lot. cit., 3449) 
can be used. In the first, the amino-acid (II) is converted into 
the corresponding hydroxy-acid (III) (Benda, Ber., 1908, 41, 2371) 
and subsequently nitrated under suitable conditions. This method 
gives excellent results. In the second, the amino-acid is converted 
into its oxahjl derivative (V), which is nitrated, the oxaiyl group 
removed by acid hydrolysis, and the amino-group in the resulting 
3 : V-dinitroA : 4 / -diamtnodvphenylarsinic acid (VI) subsequently 
replaced by hydroxyl by alkaline hydrolysis. The usefulness of 
this method'is marred, however, by the fact that at temperatures 
approaching 140°, oxalic acid causes fission of the molecule of 
■pp'-diaminodiphenylarsinic acid to some extent, the product being 
a mixture from which the pp f dlio®alyl&minodiphetiylarnnic acid 
can be isolated by means of the sparing solubility of its barium 
salt in cold dilute ammoniacal solution. 

__ O _ 

C0 2 H-C0*Nh/ /-As-/ /nH*C0*C0 2 H 

* OH X 

(V.) 


NO a O_NO, 

nh 2 {__ 

OH 

(VI.) 

o o* 2 
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Bertheim {Ber., 1915, 48, 352), who described the preparation 
and reduction of 3-nitro-4-hydroxyphenylmethylarsinic acid (VII), 
found that the direct reduction of the nitre-acid with sodium hypo¬ 
sulphite led to an impure product, whilst if the hyposulphite 
reduction were stopped at the amino-acid stage and the reduction 
continued with, hypophosphorous acid, 3 : S'-diamino 4 :4'-d hydr¬ 
oxy diphenyl cl i rn ethyldiarsine (VIII) was obtained. 


NO g 0 NH„ _NH 2 

OH/ \-AsMe OH/ \-AsMe-AsMe-/ V>H 

\-/ i \_/ \_/ 

OH 

(VII.) (VIII.) 

In the case of 3:3 / -dinitro-4:4 / -dihydroxydiphenylarsimc acid, 
complete reduction with sodium hyposulphite leads to 3 : V-diamino- 
A-A'-dihydroxydiphenylarsemous hydroxide (IX), for the crude, 
sparingly soluble reduction product, dissolved in methyl alcohol 
containing hydrochloric acid and precipitated with concentrated 
hydrochloric acid, gives rise to 3: Z ! -diarninoA : 4J-dihydroxydi- 
■phenylanenious chloride dihydrochloride (X), which was obtained 
in a crystalline condition. 


nh 9 _nh 2 

oh/ V As ~/ "a 0 * 1 oh/ 

\ / I \ / \ 

OH 


(IX.) 


NH„HC1 _NH 2 ,HC1 

N-As -•/ V)H 

s i \_/ 

Cl 
(X.) 


If the acid is first reduced to Hie corresponding ammo-acid by 
means of sodium hyposulphite and then completely reduced by 
means of hypophosphorous acid, 3 : 3 / : 3 ;/ : Z l,f -tetra-a.mino- 
■i : 4 7 : i ,! A rn -tetrahydroxytetraphenyldiarsine (XI) is obtained. 

The degree of reduction of the products is readily ascertained by 
titration with a standard solution of iodine, using starch as 
indicator, oxidation to the corresponding arsinic acids taking place 
(compare Gaebel, Arch. Pharm., 1911, 249, 241). 


NH, HH, 



(XI.) (XII.) 


5-Nifcro-6-hydroxy-m-tolylarsinic acid (XII), first obtained by 
Benda and Bertheim (loc. dt.) by the nitration of 4-hydroxy-w/- 
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tolylarsinic acid, can also be prepared from. 4 -oxalylamino-m-tolyl- 
arsinic acid by the series of reactions outlined above, the prepara¬ 
tions from both sources being identical. On reduction with sodium 
hyposulphite, diarninoarseno-o-cresol (4 :4 / -dihydroxy-5 :5 ; -diamino- 
3 :3 / -dimethylarsenobenzene) (XIII) (D.R.-P. 224953) was obtained. 
This was converted into the dihydro chloride, which closely resembles 
salvarsan (XIV). 


OH 

OH 

OH 

OH 


MeAhH 2 

hci,nhAN 

/Nnh 2 ,hci 

U 

A a - 

1 1 
_V 

u 

A c-~~ 

_u 

AS——— 

(XIII.) 


-- — As 

(XIV.) 


By the action of carbonyl chloride on o-aminophenol, l:2-di- 
hydrobenzoxazolone (XV) is obtained (Schmitt and Henschel, J. 
pr. Chem., 1888, [ii], 37, 27; E. von Meyer, ibid., 1915, [iij, 92, 
255). This reaction was applied to 3-amino-4-hydroxyphenylarsinic 
acid (XVI), giving 1 : %dihydroh enzoxazolone-A-ardnic acid 
(XVII), which, on reduction with sodium hyposulphite, yielded 
the corresponding arsenobemene. It had been hoped that this 
would prove sufficiently acidic to dissolve in sodium carbonate, but 
although it dissolves very readily in sodium hydroxide, it is prac¬ 
tically insoluble in the carbonate. 


0“C0 

OH 

o-co 

ii 4H 


n* B 

1 I 
\/ 

\/ 

\/ 


As0 3 H 2 

As0 8 H 2 

(XV.) 

(XVI.) 

(XVII.) 


The estimation of arsenic in organic compounds has been th© 
subject of a recent communication by Ewins (T., 1916, 109, 1355), 
who considers that the method devised by Lehmann ( Apoth . Zeit., 
1912, 27, 545) for the estimation of arsenic in salvarsan and neo- 
salvarsau, whilst applicable to certain closely allied derivatives, 
fails entirely in a large number of cases owing to the fact that the 
preliminary treatment with potassium permanganate and sulphuric 
acid does not bring about complete oxidation. By a slight alter¬ 
ation of th© conditions, it has now been found possible to extend 
this estimation to a considerable number of substituted phenyl - 
arsinic acids containing nitro-, amino-, hydroxy-, methoxy-, bromo-, 
and other groups, which, by the unmodified method, gave very 
untrustworthy results owing to incomplete oxidation. 
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Experimental. 

pp 1 -Dihydroxydiphenylarsinic Acid (III). 

p/ADihydroxydiphenylarsinic acid was obtained by Benda ( Ber ., 
1908, 41, 2371) by diazotising jpy-diaminodiphenylarsinic acid in 
dilute hydrochloric or sulphuric acid, and decomposing the diazo¬ 
derivative by passing steam through the solution. Diazotisation in 
hydrochloric acid, however, gives a product substituted to some 
extent by chlorine, whilst in sulphuric acid alone the product is 
very dark-coloured and difficult to purify. 

1Q'5 Grams of sodium, ^^-diaminodiphenylarsinate, containing 
6ELQ, were dissolved in 75 c.c. of water, 10 c.c. of sulphuric acid 
added, and diazotised with 50 c.c. of a normal solution of sodium 
nitrite. The product was mixed with an equal volume of acetic 
acid to keep the hydroxy-acid produced in solution, and warmed 
on the water-bath until the elimination of nitrogen had ceased. 
After boiling with charcoal, the solution was concentrated under 
diminished pressure, when, on cooling, rather more than 5 grams 
of the hydroxy-acid separated, whilst the mother liquors yielded 
further small quantities, the total yield amounting to 75—80 per 
cent, of the theoretical. The acid is very sparingly soluble, in 
acetone or chloroform, but readily so in methyl alcohol, ethyl 
alcohol, or 50 per cent, acetic acid, from which it crystallises in 
plates melting and decomposing at 259° (eorr.). (Found : 0 = 49-0; 
FI = 37; As = 25-3. C 32 H n 0 4 As requires C = 49*0; H = 3 , 8; 
As = 25*5 per cent.) 

3 : 2> r -Dinitro-4.: -dihydToxydifhenylarmiic Acid (IV). 

6-3 Grains of pp r -dihydroxydiphenylarsinic acid were dissolved in 
35 c.c. of concentrated sulphuric acid and treated gradually with, 
a mixture of 2'5 c.c. of nitric acid (D 1*44) and 2*5 c.c. of sulphuric 
acid, the temperature being kept at —5° to — 3,°. After the mix¬ 
ture had remained in a cool place for some time, it was poured on 
250 grams of powdered ice, the precipitated acid being collected 
and washed with water. The yield amounted to 94 per cent, of 
the theoretical. The acid is almost insoluble in boiling water, 
fairly readily soluble in glacial acetic acid, and sparingly so in 
50 per cent, acetic acid, from which it separates in minute, 
rhomboidal prisms melting and decomposing at 230° (corr.). 

Found: 0 = 37-5; H = 2-6; N = 7-3; As = 19-6. 

0 12 H 9 0 8 N a As (384-1) requires C = 37*5; H = 2'4; N = 7'3; As = I9*5 
per cent. 
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3 : &-Diamino A : 47 -dihydroxydiphenylarsenious Chloride 
Bihydro chloride (X ). 

Two grains of the preceding compound, dissolved in 20 c.c. of 
water and 5-4 c.c. of 2iY~sodium hydroxide, were added to a solu¬ 
tion of 6 grams of magnesium chloride and 24 grams of sodi um 
hyposulphite in 200 c.c. of water. The resulting solution, which 
immediately decolorised, was heated to 60° in an atmosphere of 
carbon dioxide for an hour, a further 10 grains of sodium hypo¬ 
sulphite being added after half an hour. The small quantity of 
grey powder obtained was dissolved in a little methyl alcohol con¬ 
taining hydrochloric acid, filtered, and added to 100 c.c. of con¬ 
centrated hydrochloric acid, when a crystalline precipitate gradually 
separated. This was collected, washed with a few drops of glacial 
acetic acid and a little ether, and dried in a vacuum over sulphuric 
acid, the yield amounting to 0'5 gram. 

The compound forms glistening leaflets readily soluble in water 
or methyl alcohol, but sparingly so in concentrated hydrochloric 
acid. On heating, it darkens above 170° and melts at 215° (corr.). 

Found: 0 = 36*2- H = 3’8; N = 6*9* 01 = 27*0, 
C 12 H 12 0 2 N 2 C1 As, 2HC1 (399-5) requires 0 = 36*0; H=3'5; N = 7*0; 

01 = 26*7 per cent. 

O' 1000 Gram required 0‘061 gram of iodine for complete oxida¬ 
tion, against 0*063 theoretically required. 

3 : 3 1 - Diamino - 4 : A’ - dihydroxydiphenylarsinic Acid and 

3 : Z r : 3 ;/ : 2 U, -TePra-aminoA : 4 ; : 4 /; : 4 //|f -i tetmhydroxytetra- 
ph. e n yldiarsine Tetrahydrochloride. 

5T Grams of 3: S^dmitro-4:4 / -dihydroxydiphenylarsmic acid 
were dissolved in 80 c.c. of water and 24 c.c. of 2i\ r -sodium hydr¬ 
oxide. The solution, cooled to 0°, was treated in one operation with 
17*6 grams of commercial sodium hyposulphite, the temperature 
rising to about 30°. When the reaction was complete, the solu¬ 
tion was cooled, 20 c.c, of 2A-hydrochloric acid were added, and 
as the acid only partly separated, it was salted out by the addition 
of sodium chloride, and was obtained; as a sandy, crystalline pre¬ 
cipitate fairly readily soluble in water or methyl alcohol, but 
sparingly so in ethyl acetate. The yield amounted to 46 per cent, 
of the theoretical. (Found: N = 8*5. C 12 H w 0 4 N 2 As (324-1) 
requires N = 8*6 per cent.) 

Two grams of the acid were heated at 60° for one hour in an 
atmosphere of carbon dioxide with 20 c.c. of hypophosphorous acid 
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(D 1’15) and a trace of hydriodic acid. As the colourless base 
obtained by neutralising a test portion -of the resulting solution 
rapidly became purple on exposure, the remainder was added with¬ 
out neutralisation to 150 c.c. of hydrochloric acid. The white 
precipitate which gradually separated was collected, washed with 
a few drops of glacial acetic acid and a little dry ether, and dried 
in a vacuum. The product is readily soluble in water or methyl 
alcohol. 

Pound: N = 7*6; Cl = 19*7. 

C 24 H 24 0 4 N 4 As 2 ,4HC1 (728*1) requires N = 7*7; C1 = 19'5 per cent. 

0*1001 Gram required 0*103 gram of iodine for complete oxida¬ 
tion, as against 0T04 gram * theoretically required. 


pp ; -Dioxalylaminodiphenylarsinic Acid (V). 

When oxalic acid is allowed to react with pp f -d iaminodi pheny 1- 
arsinic acid at a temperature approaching 160°, some fission of the 
molecule results, so that a mixture is obtained from which the 
desired product can be isolated by taking advantage of the sparing 
solubility of its barium salt in cold dilute ammonia, the barium 
salt *of p-aminophenylarsinic acid being precipitated only on 
boiling. 

8‘4 Grams of sodium ^/-diaminodiphenylarsinate containing 
6H 2 0 were intimately mixed with 15‘1 grams of oxalic acid and 
heated in an oil-bath with constant stirring at 140° until most of 
the water had disappeared, and then to 160° until quite hard. 
The product was well ground with 80 c.c. of water and 8 c.c. of 
hydrochloric acid, collected, and well washed with water. It was 
then dissolved in ammonia and treated with a cold solution of 
barium chloride. The resulting precipitate was collected, well 
washed with water, and decomposed by grinding with dilute, .hydro¬ 
chloric acid. A small quantity which remained in the acid was 
precipitated on dilution, pp l-Biomlyldminodiphenylardnic acid is 
only sparingly soluble in boiling water, alcohol, or methyl alcohol, 
and practically insoluble in benzene, ether, or ethyl acetate. It 
is more readily soluble in acetic acid or 50 per cent, acetic acid, 
and crystallises in slender needles which contain 4H 2 0. 

Pound: loss at 110° = 13*8. " 

G 16 H 13 0 8 K 2 As,4H a 0 requires 14*1 per cent. 

In material dried at 110° C = 44*l; H = 3*3; N = 6A. 
C 16 H 18 0 8 hr 2 As (436*2) requires C=44*0; H = 3*0; N = 6*4 per cent. 

Nitration with, a mixture of nitric and sulphuric acids, and sub¬ 
sequent acid hydrolysis, led to the formation of 3 : S'-dinitroA : 
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diammodi'phenylardnic acid (VI), a yellow, crystalline powder very 
sparingly soluble in water and the usual organic solvents. 

Found: N = 14*3. 

CioHjAN.As (382T) requires N = 14‘7 per cent. 

This was converted by warming with an excess of potassium 
hydroxide solution into 3 :3 , -dinitro-4:4 / -dihydroxydiphenylarsiuic 
acid, identical with that described above. 


Q-Oxalylamino-m-tolylarsinic Acid. 

Five grains of sodium 6-amino-m-tolylarsinate (containing 3H 2 0) 
and 6 grams of oxalic acid were intimately mixed and heated first 
at 140° until most of the water had been driven off, and then at 
160° until quite dry. The residue was triturated with 50 c.c. of 
water and 7 c.c. of hydrochloric acid, collected, and washed with 
water. The product, which was anhydrous, amounted to rather 
more than 3 grams. It was found to be sparingly soluble in hot 
alcohol, ethyl acetate, or acetone, more readily so in hot water, 
and readily so in 50 per cent, acetic acid, from which it crystallised 
•in elongated, rhombic prisms. 

Found: N = 4*5; As = 24-6. 

C g H 10 O G NAs (303*1) requires N —4*6; As=24*7 per cent. 


5-Nitro-Q-amino-m-tolylarsinic Acid. 

Six grains of the above oxalyl derivative were dissolved in 20 c.c. 
of sulphuric acid, and a mixture of 1*2 c.c. of nitric acid (I) 1*4) 
and 1*2 c.c. of sulphuric acid was gradually added below 15°. 
When the reaction was complete, the product was poured into 
100 c.c. of water, boiled under a reflux condenser for two hours, 
cooled, and the acid which separated, amounting to 4*6 grams, 
collected. 5~Nitro-6-arnino-m~tolylarsimc acid is fairly readily 
soluble in boiling water, from which it separates in slender needles 
consisting of a mixture of the yellow anhydrous form and the 
orange hydrated form. It gradually passes completely into the 
latter, which contains 11H 2 0. 

Found: loss at 110° = 9*3. 

C 7 H 9 0 5 N2As, 1|H 2 0 requires H 2 O = 9*0 per cent. 

In dried substance, 2ST = 9*9. 

C 7 H 9 0 5 N 3 As (276T) requires N = 10*l per cent. 
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Q-Nitro~§-hydroxy-m-tolylardnic A rid (XII), 

Two grams of the acid just described were heated on the water- 
bath with 10 c.c. of 40 per cent, potassium hydroxide solution until 
a test portion no longer showed the presence of an amino-group. 
The product was then cooled and acidified with hydrochloric acid, 
giving almost the theoretical yield of 5-iiitro-6-hydroxy-m-tolyl~ 
arsinic acid. This was compared with a specimen prepared by 
Benda and BertheinTs method (Her., 1911, 44, 3445), and found 
to be identical with it. Both products, when crystallised rapidly 
from boiling water, formed clusters of slender, yellow needles, and 
when crystallised slowly from 50 per cent, acetic acid, well-defined, 
rhombic prisms. When heated in the same bath, both products 
decomposed explosively at 310°, whilst the mixture of the two 
behaved identically. 

The acetyl derivative, prepared by the action of acetic anhydride 
in the presence of a trace of pyridine, is fairly readily soluble in 
methyl or ethyl alcohol or boiling water, but sparingly so in cold 
water or ethyl acetate. When crystallised from water, it forms 
colourless, spherical nodules, which are anhydrous. 

Found: N — 4‘4. , ... y' - ■ 

C 9 H 10 O 7 NAs (319*1) requires N = 4*4 per cent. 


4 : il’Dihydroxy-fi :5 / - dmmino-Z : 3 l -dimethylarsenobenzene 
Dihydrochloride. 

The reduction of the 5-nitro-6-hydroxy-?n-tolylarsinic acid was 
effected by means of sodium hyposulphite under the conditions 
described by Ehrlich and Bertheim (Ber., 1912, 45, 757; compare 
D.B.-P. 224953). The dihydrochloride, which was obtained in a 
yield of 70 per cent, of the theoretical, formed a pale yellow, micro- 
crystalline powder readily soluble in water or methyl alcohol, much 
less readily so in ethyl alcohol, and practically insoluble in ether 
or acetone. ' 

Found: Cl = 13*6; As = 29*9. 

C 14 H 10 O 2 N 2 As 2 ,2HC1,2HoO (503*1) requires 01 = 14*1; As = 29*8 
per cent. 

S-A imno^diydroxyphenylaninic A rid. 

The reduction of nitrohydroxyphenylarsinic acid to the, corre¬ 
sponding amino-acid by means of sodium hyposulphite has been 
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described in D.R.-P. 224953. The following modification of the 
method gives excellent results. 

Twenty-six grams of 3-nitro-4-hydroxyphenylarsinic acid were 
dissolved in 200 c.e. of A-sodium hydroxide, cooled to —2°, and to 
the well-stirred solution 65 grains of sodium hyposulphite (80 per 
cent.) were added in one operation. The colour of the solution 
‘disappeared at once, and the temperature rose to 25°, whilst the 
amino-acid commenced to deposit. The precipitation was com¬ 
pleted by the addition of 23 c.c. of hydrochloric acid (D 1T2). 
The acid was collected and well washed with water; the yield in 
several experiments ranged between 65 and 80 per cent, of the 
theoretical. 


1 :2-Dihydrobenzoxazolone-A-arsiitic Acid (XVII). 

A solution of 11*6 grams of aminohydroxyphenylarsinie acid in 
150 c.c. of 5 per cent,, sodium hydroxide, cooled by ice and stirred 
vigorously, was gradually treated with 110 c.c. of a 6‘5 per cent, 
solution of carbonyl chloride in toluene. At the conclusion of the 
reaction, the two layers were separated, the aqueous layer being 
extracted with ether and then acidified with hydrochloric acid, 
when the oxazolone separated as a sandy, crystalline precipitate in 
a yield amounting to 83 per cent, of the theoretical. 

It is sparingly soluble in alcohol, but readily so in boiling water, 
from which it separates in colourless, prismatic needles which are 
anhydrous. On heating, it rapidly decomposes above 250° without 
melting. 

Found: C = 32-5; H = 2'5; N = 5*4; As = 28'6. 

C 7 H 0 O 5 NAs (259-0) requires 0 = 32-4; H=2-3; N = 5-4; As = 28-9 
per cent. 


1:2: V : 2 f ~Tet rally dr o - 4-ur.s‘ enoh enz odioxazolone. 

2'3 Grains of 1:2-dihydrobenzoxazoIone-4-arsmic acid were dis¬ 
solved in a mixture of 50 c.c. of water and 8 c.c. of 2iY-sodium 
hydroxide, added to a solution of 15 grams of sodium hyposulphite 
and 3 grams of magnesium chloride in 70 c.c. of water, and heated, 
with stirring, for an hour at 60° in an atmosphere of carbon di¬ 
oxide. A yellow, granular precipitate gradually formed, which, 
after codling, was collected and well washed with, water. A portion 
was dried to constant weight in a vacuum over sulphuric acid, and 
formed a pale yellow, granular powder insoluble in water or the 
usual organic solvents or in sodium carbonate, but readily soluble 
in aqueous sodium hydroxide. 
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Found: N = 6*5; As = 35*6. 

C 14 H 8 0 4 N 2 As 2 (418*1) requires N = 6*7; As —35*9 per cent. 

The remainder was dissolved in aqueous sodium hydroxide, and 
the sodium salt precipitated by the addition of alcohol. This, after 
drying in a vacuum, was obtained as a pale yellow, fairly stable 
powder readily soluble in water, sparingly so in alcohol, and in¬ 
soluble in ether. 

Estimation of Arsenic in Substituted Phenylarsinic Acids. 

For the estimation of arsenic in the foregoing and many other 
compounds, the following modification of Lehmann's method 
(Apoth. Zeit., 1912, 27, 545) has been used, and has been found 
to give good results generally with substituted phenylarsinic acids. 

0*2 Gram of the powdered substance is accurately weighed and 
intimately mixed in a 250 c.c. flask with 1 gram of potassium per¬ 
manganate. Five c.c. of 50 per cent, sulphuric acid are added, 
followed by a further 10 c.c. of concentrated sulphuric acid when 
the first reaction has ended. After a few minutes, 10 c.c. of water 
are added, and the mixture is heated for half an hour to gentle 
boiling, precautions being taken against loss by spraying. The 
manganese dioxide is then removed by a slight excess of hydrogen 
peroxide, 30 c.c. of water are added, and the solution is again boiled 
for ten minutes, after which a dilute solution of potassium per¬ 
manganate is added drop by drop until a faint, permanent pink 
tinge is obtained. This is discharged by the addition of a drop 
of a dilute solution of oxalic acid. The solution is then cooled, 
2*5 grams of potassium iodide axe added, the whole being allowed 
to remain for an hour, and the liberated iodine titrated by means 
of thiosulphate. A blank experiment should be carried out along¬ 
side each estimation, and the final reading corrected accordingly. 

The following are examples of the results obtained: 

As 

Substance. Found.., Cab. 

3-2S»itro-4-hydroxyphenylarsinic acid. 28-4, 28-4 28*5 

n-Ammophenylarsinic acid . 34-5, 34*5 34*6 

1 :2-Dihydrobenzoxazolone-4-arsmic acid . 28*6 28*9 

3-Nitro-4-aminophenylarsinic acid. 28*9, 28*8 28*6 

SrS'-Dinitro^j^-dihydroxydiphenylarsinio acid,. 19*6,19*5 19*5 

p-Bromophenylarsmie acid . 26*5 26*7 

In conclusion, the author desires to express his thanks to Pro¬ 
fessor F. L. Pyjnan for his interest during the course of the 
investigation. 

Wellcome Chemical Research Laboratories, 

Lokbok, E.C. 1. [Received, June 26 th, 1919.] 
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LXXXIV .—The Selective Combustion of Carbon 
Monoxide in Hydrogen. 

By Eric Keightley Rideal. 

In a recent communication {Analyst, 1919, 44, 89), it was shown 
that small quantities of carbon monoxide in hydrogen could be 
preferentially oxidised to carbon dioxide by passing the gaseous 
mixture admixed with a small quantity of oxygen over certain 
catalytic materials maintained at suitable temperatures. 

The following conclusions were drawn, namely, that the pre¬ 
ferential nature of the combustion was affected by the nature and 
temperature of the catalyst employed; thus, the oxides of copper 
(operative at 110°) and of iron and chromium (operative at 250° 
to 350°) were extremely efficacious in inducing the combustion of 
the carbon monoxide, whilst an enhanced activity could be 
obtained by the addition of certain promoters, such as ceria and 
thoria, in small quantities to the mixed oxides. With reduced 
nickel, on the other hand, complete interaction of oxygen and the 
hydrogen was obtained. At the time, it was considered probable 
that with suitable catalytic material maintained at the proper 
temperatures only carbon monoxide, and no hydrogen, could be 
burnt, the selective nature of the reaction being gradually lost 
with elevation of the temperature. It was also established that 
complete elimination of the carbon monoxide could be effected by 
this means, and that the mechanism was not founded on the opera¬ 
tion of the water-gas reaction, H 2 0 + CO ^ H 2 +C0 2 > at low 
temperatures. 

In view of the importance of the processes of selective combus¬ 
tion, such as of hydrogen sulphide in hydrogen, phosphine in 
ammonia, which are being investigated, and of the present example, 
it was deemed of interest to study the mechanism of the reaction 
in somewhat greater detail in order, if possible, to obtain material 
to assist in making a decision as to the validity of the various 
theories of heterogeneous catalysis which are now extant. In the 
case of the catalytic combination of hydrogen and oxygen on the 
surface of platinum black, the theory of an intermediate com¬ 
pound is strongly supported by the work of Engler and Wohler 
(Zeitsch. anorg. Ghem., 1901, 29, 1; Ber., 1903, 86, 2642), whilst 
Sabatier, in his researches on hydrogenation by means of metallic 
nickel, concluded that his results were explicable on the assump¬ 
tion that an unstable nickel hydride was formed (“ La Catalyse en 
Ohimie Organique ”). 
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Faraday (Phil. Trans-, 1834, 114, 55), on the other hand, gave 
ardent support to the adsorption theory. Recently, Bancroft 
(J. Physical Chem., 1917, 21, 8), from a survey of the work of 
Turner, Henry, Lunge, Harbeck, and Bone, draws the conclusion 
that the facts are capable of the simplest explanation on the 
adsorption theory. 

The adsorption theory, however, is capable of several interpret¬ 
ations, which at the present time are developing along two distinct 
lines, that may he termed the diffusion theory and the single layer 
theory. In the diffusion theory, which finds its expression in the 
work, of Bodenstein (Zeitsch. physikal. Chem., 1899, 29, 655, et 
seq.), and for which some support can be gained from the experi¬ 
ments of Bone and his co-workers (Phil. Trans., 1906, [A], 206, 1), 
the adsorbed layer is relatively thick and the velocity of reaction 
is governed rather by the rate of diffusion of the reactants and pro¬ 
ducts in this layer than by the rate of chemical change occurring 
at the actual surface of the catalyst. In the single layer theory, 
advanced by Langmuir (J. Amer. Chem. Soc., 1916, 38, 2221.; 
1917, 39, 1848; 1918, 40, 1361), Harkins (ibid., 1917, 39, 591), 
and Marcelin, the surface film is considered to be only one mole¬ 
cule thick, thus showing an abrupt change in continuity, and the 
reactions take place in that surface skin. Lewis (this vol., p. 182) 
has recently applied the radiation hypothesis to explain the 
enhanced reaction velocities obtained in the presence of hetero¬ 
geneous catalytic materials, and has adopted the ‘' single layer ” 
theory as “ the most probable material mechanism of the process 
considered.” A summary of the results of Bodenstein and Bone 
and Wheeler on the catalytic combination of hydrogen and oxygen 
is likewise given in this paper. Bodenstein and Ohmer’s investiga¬ 
tions (Zeitsch. Chem., 1905, 53, 166) on the catalytic 

combination of carbon monoxide and oxygen on the surface of hot 
quartz between 300° and 570° led them to the conclusion that the 
rate of combination was proportional to the partial pressure of 
the oxygen and inversely proportional to the concentration of 
carbon monoxide, a case of negative catalysis; estimations were 
carried out by the manometric method. 

Experimental. 

The catalytic materials investigated were prepared as follows: 

Iron oxide, prepared by the gentle ignition of the nitrate, the 
remainder of the oxides of nitrogen being expelled by heating in 
a current of steam at 400°. The coarse lumps obtained in this 
way were broken up, and uniform pieces, some Q'2 cm. in diameter, 
utilised for experimental purposes- 
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Iron oxide containing 2'5 per cent, of chromium oxide and 0*5 
per cent, of cerium oxide, prepared in a similar manner from the 
nitrates of iron and cerium with the. admixture of the chromium 
salt in the form of ammonium dichromate. 

Copper oxide prepared from copper wire by alternate oxidation 
and reduction with air-and hydrogen respectively. The gases were 
carefully freed from any possible contamination with hydrogen 
sulphide or sulphur dioxide. The copper oxide was considered 
sufficiently active when appreciable quantities of water were formed 
when hydrogen was passed over it at 120°. 

Nickel prepared by soaking small pieces of diatomite in nickel 
nitrate, followed by gentle ignition and heating in superheated 
steam. The finished product contained 5 per cent, of nickel. 

Palladium .—An ordinary purchased sample of good quality 
palladised asbestos was used for this purpose. 

Preliminary experiments having shown that it was extremely 
difficult to prepare two specimens of catalytic material identical 
in activity, and, further, that the activity of the catalyst under¬ 
went marked fluctuations in the course of an experiment, first 
increasing and then decreasing, it was decided not to attempt to 
measure the relative velocities of catalytic combustion of hydrogen 
and carbon monoxide in separate experiments, hut, to determine 
the relative rates of combustion of these constituents in gas mix¬ 
tures containing hydrogen, oxygen, and carbon monoxide. 

The gas mixtures of various compositions were obtained from 
electrolytic hydrogen and oxygen and carbon monoxide produced 
from oxalic and sulphuric acids, the carbon dioxide being removed 
by means of sodium hydroxide. Prior to use, the gas mixture was 
carefully freed from any traces of carbon dioxide and from moisture 
by means of soda-lime and phosphoric oxide. 

The furnace was similar to* that employed in the analytical 
instrument previously mentioned, but was constructed throughout 
of silica instead of glass. It consisted essentially of two co-axial 
silica tubes, the outer one electrically heated and so arranged that 
the gases could pass in through the annular space between the 
tubes and down through the catalyst in the central tube. In this 
way, uniformity of temperature in the catalyst was ensured. 

In each experiment, 5 c.c. of catalyst were employed; no attempt 
was made to approximate to the same superficial area of catalytic 
material, although experiments have shown that with a uniform 
catalytic material the activity is proportional to the superficial 
area of the grains; this generalisation, however, does not apply 
to fine powders or to relatively large pieces ofporous materials. 

A series of experiments’, was conducted ■ by ■ passing the gas\mix-■ 
ture through the catalytic material maintained at suitable tempera*- 
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tures, and determining tiie quantities of water and carbon dioxide 
formed by the usual methods adopted in processes of organic 
combustion, namely, absorption and weighing. In all cases, the 
temperature was accurately controlled by means of a thermometer, 
around the bulb of which the catalytic material was built up, and 
care was taken to ensure passage of the gas mixture through the 
furnace at such a rate that the fractional conversion was but small. 
This consideration is of some importance in the light of the diffusion 
theory, for if we imagine the surface of the catalyst to be covered 
with a small atmosphere of the products of the reaction, carbon 
dioxide and steam, then, if the gas is quiescent, fresh reactants 
can only approach the catalyst by diffusion, and the atmosphere 
will slowly extend from the surface of the catalyst to the walls 
of the containing vessel. Under these conditions, the phenomenon 
of catalysis is not being observed, hut there are recorded merely 
some rates of diffusion liable to large errors caused by convection, 
especially if the reaction is strongly exothermic. A gentle move¬ 
ment of the gas will consequently upset these conditions, and the 
rates of reaction will be affected by the nature and magnitude of 
this movement. 

This does not necessarily preclude the diffusion theory of cata¬ 
lysis, since in this case it is assumed that the atmosphere round 
the catalyst is maintained by the molecular forces of the material, 
and that the “ diffusion layer,’’ as in the case of liquid and solid 
surfaces investigated by Noyes and Whitney ( Zeitsch. yhysikal. 
Ghent., 1897, 23, 689), is relatively thin—of the order of 0*05 to 
OT mm. It will therefore suffice always to maintain the gas 
velocity past the catalyst grains, so that the diffusion layer,” if 
it exists at all, will not exceed the normal thickness produced by 
adsorption. On the other hand, the velocity of the flow of gas 
must not be raised too high, since evidence is not lacking in the 
possibly analogous case of liquid and solid surfaces that the adsorp¬ 
tion film is affected by high velocities; thus, A. Fischer and the 
author computed that the thickness of the film was reduced from 
0*0685 mm. to 0*0510 mm. by agitating the liquid by means of a 
stirrer rotating at 250 and 1100 revolutions per minute 
respectively. 

In the first series of experiments, a mixture containing approxim¬ 
ately 10 per cent, of carbon monoxide, 10 per cent, of oxygen, and 
SO per cent, of hydrogen was passed through the various catalytic 
materials at various temperatures from 150° to> 380°. Below 150°, 
the activity of all the catalysts employed, with the exception of 
palladium, was too slight to yield trustworthy results, and at high 
temperatures the activity became so great that, in spite of reducing 
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the quantity of catalyst in the furnace and considerably augment¬ 
ing the velocity of the gas, a very considerable conversion of the 
reactants took place, -which, for the reasons already stated, was 
undesirable. 

The results of these experiments are shown in the attached 
curves, from which the two following typical examples may be 
cited: 


Catalyst, iron oxide. 

Temperature, 220°. 

Composition of gas: CO = 9; O a =14; H 2 =77 per cent. 


Vol. of 


Weight 

Weight 

Ratio vol. 

gas used. 

Time 

of EL,0 

of CO, 

CO ; ED. 

Litres. 

in hours. 

collected. 

collected. 

burnt, j 

0768 

1*5 

00121 

01332 

4*43 : 1 

0*568 

1*75 

0-0092 

0*0964 

4*22 : 1 

0*424 

2*0 

0*0062 

00702 

4*28> 1 




Mean.. 

4*32 : 1 



Catalyst, copper oxide. 

Temperature, 280°. 

Composition of gas: CO = 14; 0 2 =ll-5; H 3 =74*5 per cent. 

Vol. of Weight Weight 

gas used. ■ . Time . ' of BUG of CO a . Ratio vol. ^ , 

Litres. in hours, collected. collected. CO : EL burnt. 

1 0*5 00442 0*0508 0*470: 1 

1 0*5 00298 0*0344 0*472 : V 

1 0-6 00390 00431 0*452 ; 1 

Mean... .' 0*466: 1. 
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In all cases, the interesting observation was made that a catalyst 
which had been allowed to cool exposed to the air, liberated first, 
on warming in the stream of gas, a relatively large quantity of 
carbon dioxide, and, at higher temperatures, water vapour; further, 
on raising the temperature of a catalyst in the mixture of gases, 
the ratio CO : H 2 burnt, as obtained by estimation of the water 
and carbon dioxide, during the first twenty minutes or so, fell short 
of the ratio when constant velocity ratios were obtained. 

In the second series of experiments, only one catalytic material 
was employed, namely, iron oxide, and the gaseous mixture was 
altered in composition in order to determine the effect of an altera¬ 
tion in the partial pressures of the reactants on the relative rates 
of reaction. 

In these experiments, the temperature of the catalyst was main¬ 
tained at 220°, when the following ratios were obtained: 

Ratio CO : EL 

Composition of gas per oent. by volume burnt. 

•---—*---s Mean of 


Expt* No. 

CO, 

Oo. 

h 2 

several experiments. 

1 

12*3 

10*0 

77*7 

1-24 : 1 

2 

4*6 

6*1 

90-3 

0*64 : 1 

3 

2*3 

5*5 

42*7 

0*21 : 1 

4 

5*7 

7*0 

88*3 

0*52 : 1 

5 

2*5 

39*0 

48*5 

0-30 : 1 

6 

12*0 

12*6 

76*4 

1*25 : 1 

7 

16*6 

19*2 

64*2 

1*6 : 1 



Discussion of Results. 


It will be noticed from the curves that in 

no case is the selective 

combustion of 

carbon 

monoxide 

in hydrogen perfectly complete; 


in all cases we are dealing with two simultaneous reactions, the 
oxidation of hydrogen and of carbon monoxide, the velocity of 
each naturally varying with the temperature, the composition of 
the gas, and also with the nature of the catalytic material 
'employed, 

The results do not appear compatible with the theory of an 
intermediate compound as interpreted in the older sense and not 
on Langmuir’s view of surface combination, since no evidence of 
stable hydrides or carbonyls was obtained. The results, in addi¬ 
tion, do- not favour the adsorption theory of catalysis, for the 
following reasons. ' 

Assuming that the reaction velocity is governed entirely by the 
rate of diffusion of the reactants through the atmosphere of carbon 
dioxide-and steam around the material, then the relative reaction 
velocities, at any definite temperature, should not change to any 
marked extent, with the nature of the catalytic material employed, 
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and, further, owing to the greater mobility of hydrogen, this gas 
should burn more quickly than carbon monoxide, especially at 
relatively low temperatures, when the adsorbed atmosphere is pre¬ 
sumably denser than at more elevated temperatures. Neither of 
these deductions is confirmed by the experimental figures. 

The general shape of the temperature: ratio curves obtained can, 
however, be deduced from theoretical considerations if Langmuir’s 
theory of single layer absorption is adopted, together with Lewis’s 
application of the Marcelin-Bice principle of activation to hetero¬ 
geneous systems. 

It is evident that the dependence of the ratio CO: H 2 burnt, on 
the partial pressure of the reactants on a given catalyst at a 
definite temperature, indicates the relative reaction velocities of 
two separate reactions, the surface oxidation of hydrogen and of 
carbon monoxide ; these can be expressed in the form: 

I (a) 21*2 + 0. -> 2H 2 Q 

(*) H 2 + 0. 2 -> H 2 0 2 -> H 2 0 
II (a) 2C0 + 0 2 2GO a 

(b) 00 +0 2 -> C0 S C0 2 

(c) 00 + |0 2 —> C0 2 

Lewis gives evidence in favour of assuming that in the case of the 
combustion of hydrogen the primary reaction is 

h 2 +o 2 +■ h 2 o 2 , 

supported to some extent by the work of Bone and Wheeler (Phil. 
Trans., 1906, [A], 208, 1), who disagree with Bodenstein ( Zeitsch. 
physikal. Ghent., 1899, 29, 665), whose figures for the velocity 
constant corresponded with the reaction 
2H 2 + 0 2 — 2Hg0. 

In the present instance, where ratios alone are being considered, 
we can easily distinguish between these reactions, since if each 
reaction follows the same course, for example. I (a) and 11(a), 
then, since ' 

2H a + 0 2 = 2H s O 
2CO + O a —2C0 2 

/nr \ 2 /r» \ 
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that is, the relative velocities of combustion are independent of the 
concentration of oxygen. 

If, on the other hand, the oxidation of hydrogen and carbon 
monoxide proceeds differently, say according to the- equations I (b ) 
and 11(c), then, since 

H 2 + Oc, -> H 2 0 2 H 2 0 

c6+£o 2 ~>co 

dc C0 

~df _ (00)(O i > _ (CO) 

" 1ST ~ (hJ(o 2 ) (h 2 )(o 2 )> 

At 

that is, the relative rates will be a function of the pressure of 
oxygen. From, the above experimental determinations, all the 
possible ratios can be calculated. A few trials were sufficient to 
indicate that one ratio, and one ratio only, gave figures closely 
approximating to those experimentally determined, namely, 


_ dOfiQ 

~W _ (00 ) 

(H t )(Oj* 
At 


and the experimental and calculated values are given in the follow¬ 
ing table: 


(CO) _ ... 

(H»)(6 2 )* ( Expt * L) 


Expt. No. 
I 

21 . 

3j- . 

4} .. 

5} . 

6|' . 

7} . 


rvat-io 

„ x . CO ; H. 2 (Expt. I.) 

Katl ° ■ CO : H, (Expt. II.) 

^° a ),(Espt.II.) 

calculated from com¬ 

of gases burnt-. 

positions of mixtures. 

2-3 

2-28 

2-6 

3*0 

0-40 

0*30 

1-7 

2*9 

0-24 

0*19 

« 0*77 

0*76 


It will be observed that, with the exception of the- ratio expt. 
4 :5, the agreement is fairly good between the observed figures and 
those calculated on the assumption that the velocities of reaction 
are in accordance with one of the two following schemes: 

A, f Hg + O, -> H 2 0 s -> H 2 0 

1 co+KOj) co 2 

B r h 2+ j(o.)h 2 o 

1 CO rate independent of the concentration of oxygen. 

Although from these experiments it is impossible to distinguish 
between these two hypothetical cases, yet, in view of the fact that 
carbon monoxide is burnt on all the catalysts investigated, whether 
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oxides or not, it may be assumed that the first set of reactions is 
probably more correct, which on Langmuir’s hypothesis would 
indicate that the hydrogen and carbon monoxide were bound by 
only one valency bond to the catalytic material, and the oxygen 
both by one and by two. 

Lewis adopts the hypothesis that the oxygen is adsorbed by the 
catalyst and exists in the atomic state on its surface, and that all 
that is necessary is for an activated molecule of hydrogen or carbon 
monoxide to come into contact with an atom of oxygen. If we 
adopt the hypothesis that the number of active oxygen atoms or 
molecules are already present in large excess, and that the reaction 
velocity is governed entirely by the number of molecules of 
hydrogen or carbon monoxide that receive the necessary critical 
energy increment per second, then the ratio of gases burnt should 
be independent of the concentration of oxygen, which is not the 
case. It would appear, however, that the energy necessary to 
activate a gram-molecule of oxygen sufficiently for it to become 
reactive at the surface of such catalysts is extremely small, and for 
the purposes of calculation may be neglected. 

The reaction velocity of each reaction is accordingly given by 
the expressions 
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where v c0 , v Ha are the frequencies of the radiation bringing about 
the partial activation of hydrogen and carbon monoxide, N the 
number of molecules per gram-molecule, h Planck's constant, 
L f i.,o and Z/ c0 „ the heat of desorption per gram-molecule of the pro¬ 
ducts of the reaction, namely, water and carbon dioxide at the 

temperature T, a , the ratio of the surface concentrations of carbon 
a 

monoxide and hydrogen. For the purposes of calculation, L H „ 0 
and L v0 _, are taken as the latent heats of water and carbon dioxide 
at the respective temperatures, it being assumed that the values 
alter in a linear manner with the temperature. For water, the 
values adopted are 9000 calories at 100° and 0 at 365°, the critical 
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point; for carbon dioxide, 6200 calories at 0° and 0 at 35°. 
Lewis’s value, deduced from Bohr’s atomic model of 21,000 calories 
per grain-molecule, is taken as the experimental value of Nhv l{ 
whilst that, for carbon monoxide was calculated as follows. 
Assuming the equality of the four carbon linkings in the carbon 
atom, then from the heats, of combustion of carbon and its oxide : 

O +0 2 = C0 2 + 94,320 
CO 4*0 =00,4-68,220 

Therefore C 4-0 = CO 4-26,100, 

or the heat equivalent of two carbon-oxygen linkings is 
68,220-26,100 = 42,120 calories, 
or 21,060 for one valency. 

If we assume that the carbon monoxide is activated by desorp¬ 
tion after adsorption on to the oxide catalyst by means of one 
carbon-oxygen valency, the necessary critical increment for such 
an activation is 21,060 calories per gram-molecule, or 
Nhv 00 ~ 21,060. 

Therefore Nhv a ,,-~Nhv co ~ —60 calories only, or the spectral 
regions in which hydrogen and carbon monoxide are activated are 
practically identical. An approximately similar result may be 
obtained from the ionising potentials of the two gases. It can 
easily be shown that the critical increment Nhv is equal to 
2*2 x 10 4 F (where V is the ionising potential in volts). The value 
of V for hydrogen is approximately 16 and for carbon monoxide 
about 15*8 to 15*9 volts; thus, in this case, Nhv H „~~Nhv co ~- 4-3000 
calories. These figures are necessarily somewhat inexact, and the 
degree of activation required for catalytic chemical reaction is 
probably much less than is required for ionisation, as indicated by 
the above figures. 

The following table summarises the results of the calculation 
for the determination of the ratio of the reaction velocities at 
various temperatures,, on the assumption that the activation of the 
oxygen is not a part of the process. 

Temperature. ■ ' £h 2 o. 

- 60° 14,500 

0 12,500 

50 10,800 

100 . 9,000 

200 5,500 

250 3,900 

300 2.000 

350 500 

400 0 


Lc o 8 . 

— OU-HX/HaO— JbCQz 

. RT ... ‘ e 

. RT .. 

18,000 

-9-0 

o*ooo; 

6,000 

11-8 

135,000 

0 

16*6 

16 X 10® 

■ __ 

120 

205,000 


5.7 

300 


3*7 

40*5 

■. .. 

■ 1-7 / 

5*5 

. ■ 

0*35 

1*42 

—, V 

-0*04 ; 

0*9(1 
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The relative velocities of combustion for a mixture of carbon 
monoxide and hydrogen in the ratio of 1:8, calculated from the 
above . table, are shown in the curve, and the similarity in form 
between this derived curve and that experimentally determined on 
the iron oxide catalyst is clearly indicated. A closer agreement 
is scarcely to be expected, since the factor introduced by the 
possible activation of the oxygen and the effect of its partial 
pressure on the reaction velocity have been neglected, together 
with the uncertainty introduced by equating the latent heat with 
the heat of desorption. It follows that the removal of carbon 
monoxide from hydrogen by this means takes place most readily 
at about 50° to 100°, whilst below —50° and above 400° hydrogen 
burns more quickly than carbon monoxide, selective combustion 
being entirely dependent on the fact that energy is required for 
the desorption of one of the products of combustion, namely, water 
vapour, although in the case of iron oxide it is scarcely sufficiently 
reactive below 220° to permit of the optimum conditions of 
operation. 

It is interesting to note that at high temperatures hydrogen 
burns more quickly than carbon monoxide. 

It is evident that the simple adsorption theory, where the 
hydrogen and carbon monoxide are adsorbed and activated by 
radiation and the oxygen is adsorbed and activated by the catalyst, 
gives an adequate explanation for the observed dependence of the 
reaction velocity ratios on the composition of the gas and on the 
influence of temperature, but these considerations do not give any 
insight into the dependence of the ratio on the composition of the 
catalyst. 

The temperature-coefficients of both these reactions are suffici¬ 
ently large to exclude the hypothesis that every hydrogen and 
carbon monoxide molecule striking the surface and becoming 
attached to the catalyst is oxidised j one is forced to assume that 

the ratio which is the ratio of the surface concentrations of the 


two gases, varies with the catalytic material. Adopting the hypo¬ 
thesis of molecular attachment by one bond for hydrogen and 
carbon monoxide, the ratio of the surface concentrations can be 
derived by Langmuir's equation: 


N <ra 

a = -— 

Nq 1 + CTfJL 

where N— Avogadro’s constant. 

N b — number of space lattices per sq. cm. 
or => where V —rate of evaporation from 


completely 
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covered surface; A, a factor approximating to unity, 
being the fraction of the number of molecules striking 
the surface which are absorbed. 

/i= gram-molecules striking. 

P 

= K .rr, where P is the gas pressure, M the molecular, 

Vmt 

weight, and T the absolute temperature, 
a = gram-molecules adsorbed per unit area. 

Hence 

a co = 

a a.. o- 2 ^(i + cr lf M 2 ) 

a P co^0o( Faa'S/^H a ^ 1 + Hg ) 

^H2^H.X^CO'\/*^CO^+ Aq 0 P go ) 

Putting A qo = A Us , 

<>co _ -P co( 2 a/ Mn 2 T 4- AP tf;! ) 
a Ha Pcq“\/j$ G o'P + AP co } 

whilst if each molecule is attached by two bonds, 

' **<”>’ • SB as / ^Hg-PCoV . 

a H a V°*2^2 * H 2 V^CO 

We have assumed in the former calculation that the surface 


concentration ratio 7 is equal to the ratio 
a 



(where K is a constant), which is actually the case for any one 
particular catalytic material, but a closer approximation is given 


by 


co 

a 2 



where F H „ is the rate of evaporation of hydrogen from, a com¬ 
pletely covered surface. In the cases considered, where we are 
dealing with the evaporation of a gas from a solid surface, the 
rate of evaporation from, a completely covered surface may be 
regarded as a simple function of the vapour pressure. It follows 
that for various surfaces the rates of evaporation, of gases are not 
the same, and we must postulate, as Langmuir has done, quasi¬ 
chemical combination between gas and surface, these quasi-chemical 
combinations possessing different free energies. Since little is 
known about the unstable hydrides of the elements, the work of 
Sieverts ( Zeitsch. fhysikal. Ghem. } 1907, 60, 169, et seq .; see 
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also D. P, Smith, ,/. Physical Chem., 1918, 23, 186) being devoted 
to the study of occlusion of this gas in the various metals, we may, 
for purposes of comparison, regard the free energies of the unstable 
quasi-chemical superficial hydrides or carbonyls as equal or running 
parallel to their heats of formation and stability, whilst a know¬ 
ledge of the vapour pressures at different temperatures and the 
"specific heats is required for an exact determination of the free 
energy at various temperatures. 

It will be noted tbat tbe ratio H a /CO burnt increases pro¬ 
gressively with the following catalytic materials: iron oxide; iron 
oxide with promoters; copper oxide; nickel; palladium; this is 
the order of increase in the stability of the hydrides, the union of 
palladium and hydrogen being actually exothermic at the ordinary 
temperature. The rate of evaporation of hydrogen from these 
surfaces, V Bs , will therefore, under identical conditions, decrease 
in the above order, or the surface concentration, a Hs , will increase. 
Hence the ratio ct C0 /a H „, which is the ratio of the surface concen¬ 
trations of the two gases, will alter with the catalytic material, 
and with this alteration in the surface concentrations there will 
be a corresponding alteration in the rates of combustion. As the 
temperature is raised, the rates of evaporation of the gases increase, 
and thus the specific influence of the catalytic material disappears; 
this inference is clearly indicated in the curves, where it will be 
noted that at 400° the ratio- is practically independent of the 
catalyst employed. 


Summary. 

The selective combustion of carbon monoxide in hydrogen on 
the surface of catalytic materials is shown to be as case of two 
simultaneous reactions. The rates of combustion of the two gases 
between 100° and 400° are related to the composition of the gaseous 
mixture by the expression: 

dc c o 

~~ar ^ (co) 

= K WS(W 

. dt 

Elevation in temperature causes a decrease in the apparent 
selective character of the reaction, and. the relationship between 
the influence of temperature and the ratio of gases burnt can be 
calculated approximately from the conception of the critical incre¬ 
ment as developed by 'Lewis. 

The results obtained are in agreement with Langmuir’s theory 
of adsorption, in which the adsorbed layer is considered to be only 
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on© molecule thick; but the surface concentration of each gas is 
found to be dependent, not only on the nature of the gas, but also 
of the absorbing surface, indicating that the quasi-chemical com¬ 
binations between gas and surface possess different free energies 
and are not simply the result of differences in activation of the 
reacting gaseous constituents. 

University College, Lone on. 

[Received, July 9 lh» 1919.] 


L XXXV.—The Temperature of Explosion for Endo¬ 
thermic Substances . 

By Basis; Lal.Da.tta and Nihar Ranjan Chatterjee. 

Berthelot has shown (Gompt. rend., 1887, 105, 1159; 1899, 129, 
928) that certain endothermic substances which, if heated gradu¬ 
ally, would either volatilise or decompose, can he made to explode 
by throwing them into a vessel previously raised to a suitably high 
temperature. This result was observed with trinitrophenol, m'onp-, 
di-, and tri-nitronaphthalene, and potassium chlorate. TImm* 
authors, following up these observations of Berthelot, find that 
for each endothermic substance there is a temperature below which 
explosive decomposition does not occur, and this definite point is 
termed the temperature of explosion. 

The procedure adopted was to drop a small quantity of the sub¬ 
stance to the bottom of a clean test-tube immersed in a bath of 
potassium hydrogen sulphate just when the temperature of the 
bath has attained the temperature particular to each substance, as 
otherwise a simple decomposition would take place. The tempera¬ 
ture of this bath, up to 500°, was recorded on a mercury thermo¬ 
meter ; at higher temperatures, a thermo-couple was employed. The 
experiment was carried out in an atmosphere of carbon dioxide, but 
any other indifferent gas, such as nitrogen, may be used, and ex¬ 
plosive decomposition occurs with equal readiness in a vacuum. 

From the results recorded below for the temperatures of ex¬ 
plosion of various substances, one or two conclusions of a general 
:Mnd may.'be drawn. . So far as miro-derivafcives are concerned, it 
appears.that, ■ of the disubstituted derivatives of benzene, the ortho- 
compound, as a rule, has the lowest, and the para-compound the 
highest, temperature of explosion. Thus the temperatures of 
explosion for o- f m-, and p-chloronitrobenzene are 614°, 638°, and 
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720° respectively. In the case, however, of the nitrophenols, the 
para-compound has a lower temperature of explosion than the 
in eta-compound. For dinitro-compounds with the uitro-group in 
the meta-position, the temperature of explosion falls as the number 
of alkyl groups attached to the ring increases. In this connexion, 
the figures for the temperatures of explosion of m- dinitrobenzene, 
2 ; 4-dinitrotoluene, and 4:6-dinitro-o-xylene may he quoted: they 
are 580°, 470°, and 438° respectively. The same relation holds 
good in the case of trinitro-derivatives. 

In the following record, the temperature of explosion follows 
the name of the compound examined. 


Nitro-com'pounds. 

o-Dinitrobenzene, 472°; m-dindtrobenzene, 580°; 1:3:5-trinitro¬ 
benzene, 520 °; 2 :4-dinitrotoluene, 470°; a-2 :4 : 6 -trinitrotoluene, 
418°; 4 : 6 -dinitro-o-xylene, 438°; 3:4-dinitro-o-xylene, 413°; tri- 
nitroxylene (m. p. 178°), 408°; 2 :4: 6 -trinitro-m-xylene, 410—412°; 
2:3: 6 -trinitro-p-xylene, 410°; dinitromesitylene, 418°; tri- 
nitromesitylene, 415 °; trinitrocumene, 502°; 2:4-dinitrostilbene, 
412°; o-dmitrostilbene, 420°; a-dinitrodiphenylmethane (m. p. 
181°), 336°; 1: 6 -dinitronaphthalene, 492°; 1: 8 -dinitronaphtha- 
lene, 445°; trinitronaphthalene (m. p. 122°), 364°; tetranitro 
naphthalene (m. p. 170°), 323°; o-chloronitrobenzene, 614°; 
m-chloronitrobenzene, 638°; p-ehloronitrobenzene, 720° j p-bromo- 
nitrobenzene, 755°; p-iodonitrobenzene, 605 °3 o-nitroaniline, 655°; 
m-nitroaniline, 552°; p-nitroaniline, 627°; 2:4-dinitroaniline, 548°; 
p-nitrobenzoic acid, 635°; 2:4-dinitrobenzoie acid, 484°; 3:5-di- 
nitrobenzoic acid, 523°; o-nitrophenol, 630° p m-nitrophenol, 657°; 
p-nitrophenol, 633°; 2:4-dinitrophenol, 498°; 2:4: 6 -trinitrophenol, 
418°; 3-nitro-o-cresol, 503°; 6 -nitro-m-cresol, 393°; 3 :4-dinitro-o- 
cresol, 472°; 3: S-dinitro-o-eresol, 455°; 2:4: 6 -trinitro-m-cresol, 
405°; 5-nitro-p-xylenol, 407°; 3:5-dinitro-o-xylenol, 432° j 2:4:6- 
trinitroresorcinol, 314°; o-dinitrodihydroxydiphenyl (m. p. 184°), 
447°; 2:6-dichloro4-nitrophenol, 548°; 4 :6~dichIoro-2-mtrophenol, 
562°; 2:6-dibromo-4-nitrophenol, 625°; 4 :6-dibromo-2-nitrophenci, 
630°; 2:4:6-tribromo-3-nitrophenol, 605°; 6-bromo-2:4-dinitro- 
phenol, 713°; 2-iodo-3-nitrophenol, 448°; 2:4-di-iodo-6-nitro- 

phenol, 533°; 2:6-di-iodo-4-nitrophenol, 548°. 

Picrates. 

Ammonium picrate, 423°; hydrazine picrate, 385°; allylamine 
picrate, 270°; carbamide picrate, 489°; semicarbazid© picrate, 

F P 2 
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474° j guanidine picrate, 498°; hexamethylenetetramine pier ate, 
360°; aniline picrate, 398 °; o-tolnidine picrate, 400°; a-naphthol 
picrate, 458° j j3-naphthol picrate, 469°; naphthalene picrate, 484° j 
phenanthrene picrate, 478°; acenaphthene picrate, 418°; pyridine 
picrate, 432°; quinine picrate, 280°; quinidine picrate, 272°; 
cinchonine picrate, 268°; cinchonidine picrate, 260°; strychnine 
picrate, 290° ; atropine picrate, 460°. 


A zo-compounds. 

Azobenzene, 540°; aminoazobenzene, 598°; dimethylaininoazo- 
benzene, 643°; diazoaminobenzene, 703°. 

Haloid Compounds. 

Iodoform, 295 °; p-di-iodobenzene, 788° y. 2:4:6-tri-iodophenol, 
675°j di-iodo-o-cresol, 782 °; 2:4:6 -tri-iodo-w-cresol, 696 °; 2:4;6 - 
tribroinoresorcinol, 713°; 2:4:6 -tribrom o-orcin ol, 793°; penta- 

bromo-orcinol, 698°, 

Organic Perchlorates. 

Allylamine perchlorate, 262°; methylamine perchlorate, 338°; 
propylamine perchlorate, 290°; heptylamine perchlorate, 265°; 
hexylamine perchlorate, 278°; aniline perchlorate, 250°. 

o-Toluidine perchlorate. —This salt has not previously been 
described. It is prepared by neutralising the base with perchloric 
acid. It does not melt on heating, but slowly carbonises: 

0*0993 gave 6 c.c. N 2 at 28° and 760 mm. N = 6*72. 
C 7 H 9 N,HC10 4 requires 6*76 per cent. 

It explodes at 260°. 

m-Toluidine perchloi'ate.—This, salt was prepared by the inter¬ 
action of the hydrochloride of the base and silver perchlorate. It 
iiielts and chars at 200°; 

0-0804 gave 4‘9 c.c. N 2 at 28° and 760 mm. N—6*78. 
C 7 HghT,HC10 4 requires N = 6-76 per cent. 

It explodes at 300°. 

The following perchlorates were prepared by double decomposi¬ 
tion, as in the preceding case, 
p -Toluidine perchlorate: 

0-1027 gave 6-2 c.c. N a at 29° and 760 mm. N=6‘70. 
OjHgNjHClO* requires N=6-76- per cent. 

If explodes at 278°. 
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m-4-Xylidine perchlorate decomposes at 200° : 

O'lQOQ gave 5*8 c.c. N 2 at 28° and 760 mm. N—6'*45.,. 
C s H 1 ]L N.HG10 4 requires UST=6*33 per cent. 

It explodes at 260°. 

p -XylicHne perchlorate decomposes at 210°: 

0*1072 gave 6 c.c. No at 28° and 760 mm. N = 6‘33. 
C 8 H 11 N ! HC10 4 requires N=6*33 per cent, 

It explodes at 258°. 

Benzyl-amine perchlorate melts at 120°: 

0*0816 gave 5-2 c.c. No at 28° and 760 mm. N = 7*02), 
C 7 H 0 N,HCIO 4 requires N=6*76 per cent. 

It explodes at 305°. 

Phenylethylamine perchlorate, 280°; a-naphthylamiiuoa per¬ 
chlorate, 228°; menthylamine perchlorate, 308°. 

Camphylamine perchlorate melts and decomposes at ^15°°: 

0*0570 gave 3-1 c.c. N 2 at 29° and 760 mm. N'=5 , 987, 
C 10 H j9 N,HC1O 4 requires N—5*53 per cent. 

It explodes at 255°. 

Diethylamine perchlorate melts at 107° and is very hygroscopic: 
0-1067 gave 7*8 c.c. N 2 at 28° and 760 mm. N=8135. 
C 4 H n N,HCl6 4 requires N=8-09 per cent. 

It explodes at 282°. 

Di propylamine perchlorate, 308°; diamylamine p«iol|lorate, 
323°: benzylethylaraine perchlorate, 322°: benzylmeth-ylanihe per¬ 
chlorate, 294°. 

Dih emylarnine perchlorate explodes at 290°: 

0-0574 gave 2*6 e.c. N 2 at 27° and 760 mm, 27=5 *31 . 

C J4 H 15 N,HC10 4 requires N=4*7 per cent. 
p-Tolyltriraethylanimowkirri perchlorate melts at 192°: 

0*0670 gave 3*8 c.c, N 2 at 30° and 760 mm. N = 6*0 8, 
C 10 H 18 N,GO 4 requires N =5*62 per cent. 

It explodes at 310°/ 

Methylpyridiniwn perchloraie&yqAodez at 362°: 

0*0661 gave 4*9 o,c. N 2 at 32° and 760 mm. 27=8*12.. 

C 6 H 9 N,C10 4 requires N=7*61 per cent. 
Sthylpyndinmm, perchlorate explodes at 340° : ■ 

0*0765 gave 4*9 c.c. N 2 at and 760 mm. 27 =7 * Oft. 

C 7 II u N,C10 4 requires 27=6*73 per cent. 

Neurine perchlorate, 298 °; phenylbenzylmethylann noiniu mu per¬ 
chlorate. 275°; trimethylsulphonium perchlorate, 280 00 ; ethyl- 
quinolinium perchlorate, 330°; propylquinoliiiiuoi pesrddorate, 
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342°; ethyl quinaldinium perchlorate, 268°; hydrazine monoper- 
chlorate, 238°; hydrazine diperchlorate, 215°; trimethylenedi- 
amine perchlorate, 310° j efchylenediamine perchlorate, 270°. 
Guanidine perchlorate melts at 237°: 

0*2249 gave 53 c.c. N 2 at 29° and 760 mm. N = 26*15. 
CH 5 N 3 ,HC10 4 requires N=26*41 per cent. 

It explodes at 367°. 

Semkarbazide perchlorate explodes at 278°: 

0*0929 gave 20*2 e.c. N 2 at 30° and 760 mm. N = 24*01. 

CH 5 0N 3 ,HC10 4 requires N=24*00 per cent. 

Piperazine perchlorate melts at 80°: 

0*1156 gave 9 c.c. N 2 at 29° and 760 mm. N=8*64. 
C 4 H 10 N 2 ,2HClO 4 ,2H 2 O requires N=8*69 per cent. 

It explodes at 290°. 

o-Phenylenediamme perchlorate explodes at 250°: 

0*0310 gave 2*6 c.c. N 2 at 27° and 760 mm. N = 9*31. 

C 6 H 8 N 2? 2HCl6 4 requires N=9*09 per cent. 
?>j-Phenylenediamine perchlorate, 263°; p-phenylenediamme 
perchlorate, 260°. 

Alkaloids, etc. 

Brucine, 793°; narcotine, 720°; narceine, 697°; chloralurethane, 
673°; oxalylhydrazide, 548°; acetophenoneoxime, 734°; henzil, 
643°. 

Investigations on similar lines are being continued. 

Chemical Laboratory, 

University Cortege of Science, 

Presidency Cortege, Calcutta. [Received, May 9th, 1918.] 


LXX.XVL -—The Preparation of Butylamine and of 
n -Dihutylamine. The Separation of Aliphatic 

Amines by Partial Neutralisation. 

By Emir Aiphqnse Wekner. 

The preparation of ^butylamine, and of n-dibutylamine, from the 
interaction of butyl bromide and ammonia in alcoholic solution at 
the ordinary temperature has been investigated. A procedure simi¬ 
lar to that employed in the preparation of the corresponding ethyl 
derivatives of ammonia was adopted (T., 1918, 118, 899), 




BUTYLAMINE and of n-dibutylamine. 1011 

The details of a few experiments on a simple method for the 
separation of amines from intermediate distillates are recorded, and 
whilst the results have a practical value as regards the economic 
preparation of amines on a large scale, they go to show that the 
prevailing views with respect to t-h© relative basicity of primary, 
secondary, and tertiary aliphatic amines require to be modified, 
(Expts. 2, 3, and 4.) 


Experimental. 

•/i-Butyl bromide was conveniently prepared by distillation at 
98—100° of a mixture of butyl alcohol, sulphuric acid, and sodium 
bromide in molecular proportions, the temperature being raised to 
120° towards the end of the process. The yield of the crude product, 
dried over calcium chloride, was equal to 92 per cent, of the theo¬ 
retical, and from 1126 grams there were obtained after redistillation 
1082 grams of pure butyl bromide, boiling at 100—101°. 

Expt. I.—Four litres of 90 per cent, alcohol were saturated with 
ammonia until 500 grams of the gas had been dissolved; 200 grams 
of butyl bromide were added (ratio butyl bromide to NH S approxi¬ 
mately 1 to 20), after which, at successive intervals of three days, 
fresh quantities of the alkyl haloid were added as follows: 180, 170, 
160, 150, and finally 140 grams. Thus, in all, 1000 grams were 
added over a period of fifteen days; preliminary tests had shown 
that nearly all of the butyl bromide was decomposed after three 
days. Only a few crystals of ammonium bromide separated, and on 
the twentieth day the alcoholic solution was concentrated by dis¬ 
tillation, when 175 grams of ammonium bromide were recovered. 
As no crystalline matter separated after further concentration, the 
product was diluted with water and boiled to expel the last traces of 
alcohol. A dark brown, syrupy liquid (1200 grams) was ultimately 
obtained, which, analysis showed, contained 399*4 grams of bromine; 
hence this required 200 grams of sodium hydroxide for the libera¬ 
tion of the total amines present. 

Whilst the separation of butylamine (b. p. 76°) from dibutylamine 
(161°) by distillation was comparatively simple, this was not so as 
regards the separation of the latter from tributylamine (214°). 
Hence, in order to avoid tedious fractionations of a mixture of all 
three amines, fractional treatment with sodium hydroxide was 
adopted as a preliminary (T., loc. dt .). 

The product was introduced into a large separating funnel, 
40 grams of sodium hydroxide dissolved in 80 c.c. of water were 
added, and the mixture was vigorously agitated' at intervals ; after a 
few hours the layer of ‘ amine * which had. separated was removed. 
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It weighed 67 grams (dry) and was a mixture of di- and tri-butyl- 
amine, in which the latter largely predominated; it was dealt with as 
described later. (Amin© A, Expt. 2.)' 

After the addition of 80 grams of sodium hydroxide to the residual 
liquid, followed by brisk agitation, 200 grams of ‘ amine’ (B) were 
separated. This was distilled, with the aid of a three-bulb pear- 
shaped still-head, and 109 grams of pure dibutylamine were col¬ 
lected, after 49 grams had passed over between 80° and 158° (dealt 
with under Expt. 3). The residue, 42 grams, boiling above 161° 
was added to ‘ amine ’ (A). To the remaining solution a final quan¬ 
tity of 80 grams of sodium hydroxide was added, the mixture was 
transferred to a flask, and the whole of the liberated amine was 
removed by distillation at 90°. The product, ‘ amine J (C), weighed 
187 grams (dry); it was redistilled, using a three-column evaporator 
still-head, and 167 grams of pure butylamine (76-—77°) were col¬ 
lected. The residue (20 grams) was added to the first distillate 
(49 grams) from ‘amine’ (B). 

Separation, of a Mixture of Dibutylamine and Tributylamine, 
by Partial Neutralisation with Hydrochloric Acid. 

The separation of the mixture of ‘amine’ (A) with the residue 
from ‘ amine ’ (B) into its constituents by fractional distillation was 
abandoned as hopeless; thus, for example, whilst the greater part 
passed over before the boiling point (214°) of tributylamine was 
reached, the first fraction (162—180°) contained 10*7 per cent, of 
tributylamine, and the last fraction (200—214°) contained 16*6 per 
cent, of dibutylamine. 

The following simple procedure gave the desired result: 

'Expt. 2.—The mixture, 98 grams, which on analysis was found to 
contain 51 grams of dibutylamine, was placed in a separating funnel 
and 132 ac, of SA-hydrochloric acid* and 40 c.c. of water were 
added. The product was thoroughly agitated, and after a few hours 
the layer of insoluble amine was removed. It weighed 46 grams, 

■ and distilled steadily at 212—214°; it was therefore pure tributyl- 
' amine. 

The aqueous solution was evaporated at 100°, and the residue 
"detect .over sulphuric . acid;: it weighed 64*3 ' grams and contained 
"'01=. 21*46,' "whilst (0 4 H 9 ) 2 NH,HC1 requires 01 = 21*45 per cent. 

The separation of the two amines was therefore complete. 

* The amount of hydrochloric acid required to combine with the difoutyl- 
amine only; the extra water was necessary to keep the salt in solution. 
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Separation of a Mixture of Butylamine and Dibutylamine by 
Partial Neutralisation with Hydrochloric Acid. 

Expt. 3.—The fraction collected between 80° and 158° (49 grams) 
from the distillation of f amine ’ (B) and the residue (20 grams) from 
the distillation of ‘ amine ; (C) were mixed. Analysis showed that 
the product contained approximately 48 grams of butylamine. It 
was well agitated with 220 c.c. of 3aY-hydrochloric acid in a separat¬ 
ing funnel and allowed to remain for twenty-four hours. The solu¬ 
tion was extracted twice with 70 c.c. of ether to remove all the free 
amine. The ethereal solution (previously dried) was distilled, and 
after removal of the solvent and of a few c.c. of amine which passed 
over below 161°, 18 grams of pure dibutylamine were collected. 

The aqueous solution was evaporated at 100°, and the residue 
dried over sulphuric acid. It contained 01 = 31*14, whilst 
C 4 H e ”NH 2 ,HCi requires Cl = 32’42 per cent. The weight was 74 
grams, and the proportion of butylamine hydrochloride was equal to 
86’2 per cent. Whilst the separation in this case was not so com¬ 
plete as in Expt. 2, the results show that on a manufacturing scale 
the recovery of amines from intermediate distillates and residues 
could be economically effected by this method. 

The total yields of the respective amines were : butylamine, 215 
grams=40’2 per cent.; dibutylamine, 181 grams = 41T per cent.; 
and tributylamine, 47 grams = 10*4 per cent, of the theoretical. 
When 200 grams of butyl bromide were added to 3 litres of 90 per 
cent, alcohol, saturated with ammonia as in Expt. 1, and the product 
worked up after five days, 73 grams of butylamine, equal to 68’5 per 
cent, of the theoretical, were obtained; the yield of dibutylamine 
was 28 grams, equal to 31'9 per cent, of the theoretical, and no 
tributylamine was formed. 

The following n-butyl derivatives were incidentally prepared in 
connexion with other work: 

Ethyl M-butylcarbamate, C 4 H 9 *NH*C0 2 Et > from the interaction 
of butylamine and ethyl chloroformate dissolved in benzene, was 
obtained in theoretical yield as a colourless oil which boiled at 
202—203°/765'5 mm. (van Erp, Pec. trav. chim., 1895, 14, I, gives 
100°/15 mm.). 

Dibutyharbamyl chloride, (C 4 H 9 ) 2 N*C0C1, a colourless oil, which 
boiled at 242—243°/755 mm., and became pink on exposure to air, 
was obtained from the interaction of carbonyl chloride and dibutyl¬ 
amine dissolved in benzene. ■ 

Tributylcarbamide, C 4 Hg-NH*CO'N(C 4 H a ) 25 was obtained as a 
" 'viscous; colourless liquid which boiled at 238—239°/766 mm., by the 

FT* 
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action of butylamine on the foregoing compound dissolved in 
"benzene. 

as rDibutylcarbamide, NH 3 *CO*N(C 4 H 9 ) 2 .—The preparation of this 
derivative furnished an interesting example of the us© of benzene in 
obtaining an anhydrous solid as described by Atkins and Wilson 
(T., 1915, 107, 916); and the.details are perhaps worth recording. 
Potassium cyanate was added to an aqueous solution of dibutylamin© 
hydrochloride, and a viscous oil separated rapidly when the solution 
was heated to 100°. The oil, which was readily soluble in alcohol, 
ether, chloroform, or benzene, showed no signs of crystallisation * 
after it had remained for three days in a desiccator over sulphuric 
acid. The addition of light petroleum to the cold solution in 
benzene failed to induce crystallisation, and with the object of 
removing the solvent the mixture was distilled from a flask plunged 
in hot water. When a portion of the solvent had passed over as a 
turbid mixture, a sudden copious separation of needle-shaped crys¬ 
tals, melting at 149—150°, took place, while the liquid was still 
warm. 

Pound: N — 16T1, C 9 H 2 oON 2 requires 2ST = 16*28 per cent. 

The compound is very hygroscopic; it liquefies after exposure to 
the air for a few minutes. 

Separation of Diethylamine from Triethylamine by Partial 
Neutralisation with Hydrochloric Acid. 

The following experiment supplies a further illustration of the 
use of this method. 

Ex-pi. 4.—In the preparation of a considerable quantity of 
diethylamine, a fraction was collected between 75° and 91°; it had 
the composition lSTHEt 2 =6 - 74 per cent., NEt 3 =93*26 per cent. It 
weighed 146 grams, and therefore contained 9*84 grams of diethyl- 
amine. It was mixed with 67 c.c. of 2iT-hydrochIorio acid and 
.treated as described in Expt. 3. 

The free amine was collected without loss and boiled at 90—-91°, 
the boiling point of pure triethylamine. 

The hydrochloride recovered- from the aqueous solution contained 
Cl = 32*22, whilst (CoH 5 ) 2 3sH,HC 1 requires 01 = 32*42 per cent. 

Uhivebsity Chemical Labobatorv, 

- Tbixoty Commas;, 

Dtrsnix. / [Received, July 2Zrd, 1919.1 

- * Monobutylcarbamide melts at 8 0°; disubstituted carbamides of the above 
type generally melt at a much, higher temperature than the -monosnbstituted 
derivatives. : 
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LXXXVII .—The Abnormal Behaviour of Glyoxaline- 
carboxylic Esters and Anilides towards Diazonium 
Salts. 

By Robert George Faegher and Frank Lee Pyman. 

In a recent paper (this voL, p. 217), we put forward evidence show¬ 
ing that glvoxalines are only capable of coupling with diazonium 
salts when they contain a free imino-group and also a hydrogen 
atom or some other displaceable group, such as the carboxyl group, 
in one of the 2-, 4-, or 5-positions. Numerous derivatives of 
glyoxaline, in which these conditions are fulfilled, have been shown 
to couple with sodium diazobenzene-p-sulphonate in aqueous sodium 
carbonate, but an exceptional behaviour is shown by the esters of 
5-methy 1 glyoxaline-4-carboxy lie acid (Gerngross, Ber., 1912, 45, 
513) and the esters of glyoxaline-4-carboxylic acid (Pyman, T., 
1916, 109, 186). These give a negative result, whereas the corre¬ 
sponding acids behave normally, giving, deep red solutions with the 
reagent. 

With the abject of finding some clue to this abnormality, we have 
examined the behaviour of a number of carboxylic acids containing 
the glyoxaline nucleus and their esters towards sodium diazobenzene- 
p-sulphonate in aqueous sodium carbonate. All the acids examined 
gave a positive result, and so also did the esters of those acids, such 
as glyoxalineacetic acid, in which the carbonyl group is separated 
from the glyoxaline nucleus by a chain of one or more carbon atoms. 
The esters of the 2-alkylglyoxaline-4-carboxylic acids, however, like 
those of giyoxaline-4-carboxylic acid and 5-methylglyoxaline-4- 
carboxylic acid, gave a negative result, and so also did the anilides 
of glyoxaline-4-carboxylic acid and its 2-alkyl derivatives. In order 
to ensure that the difference in behaviour was not due to the 
particular conditions selected for the test, the action of benzene- 
diazonium chloride and p-nitrobenzenediazonium. chloride on 
glyoxaiine-4-carboxylie acid and ethyl glyoxaline-4-carboxylate was 
examined. In the presence of hydrochloric acid or acetic acid, 
neither of the derivatives coupled, whilst in the presence of sodium 
carbonate or sodium hydroxide the acid coupled but the ester did 
not. 

The abnormality is thus seen to be connected with the direct 
attachment of the carboxyalkyl. or carhoxyanilide group to the 
glyoxaline nucleus, and would seem to- be due to the mutual 
influence of the imino-and carbonyl groups. 


P p* .2. 
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Further than this we do not as yet feel able to offer any explan¬ 
ation of the abnormality. The fact that all the glyoxalinecarb- 
oxylic esters and anilides behave normally towards silver nitrate 
in ammoniaeal solution, yielding insoluble silver salts, rules out any 
formula such as (I) not containing a free iminic or acidic hydrogen 
atom, whilst their stability towards potassium permanganate in 
acid solution would appear to indicate that they exist as true 
glyoxalines in the presence of mineral acids. 


r ' C 1h.n> 0H 


r~ —0~ 

R-CH-C- 


CH-N 1 

(h> 


>CH or 


R*C(OB)*.C—N. 


ch:n- 


>CH 


(II.) 


There is, however, the possibility of a molecular rearrangement, 
such as that represented by formula (II), taking place under the 
influence of alkalis. The nitroglyoxalines also fail to couple with 
diazonium salts, and here the explanation seems clear, since these 
compounds dissolve in alkalis with a yellow colour, yielding salts 
which are no doubt derived from the corresponding nitronic acids, 
as Windaus (Ber., 1909, 44, 758) has suggested, and no longer 
contain an imino-group. 


N0 3 *C*SIH. 


alkalis 



Na0 2 hh*C—N 

chin 


>CH. 


The glyoxalinecarboxylic esters and anilides, however, yield 
colourless solutions with alkalis, and although, bearing in mind 
that the nitroglyoxalines themselves are colourless and their alkaline 
solutions only comparatively pale yellow, the lack of colour would 
alone seem insufficient to preclude a formula such as (II), we do 
not feel justified in advancing it as more than a possibility until 
further experimental evidence has been accumulated. 

While seeking for comparable instances of the mutual influence 
of imino- and carbonyl groups, we have observed that whereas 
anthranilic acid couples with sodium diazobenzene-^-sulphonate or 
p-nitrobenzenediazonium chloride in sodium carbonate solution, 
ethyl anthranilat© gives a negative result. Both, of course, couple 
in acid solution. Further, it is perhaps worth noting that whereas 
the hydrochloride of anthranilic acid is stable in aqueous solution, 
the hydrochlorides of its methyl and ethyl esters are readily hydro¬ 
lysed in cold aqueous solution with liberation of the free ester (com¬ 
pare Kolbe, J, pr, Qhem., 1884, [ii], SO, 474 ; Frankel and Spiro, 
Ber. f 1895, 28, 1686; E, and H. Erdmann, Ber., 1899, 32, 1213), 
and whilst s-ethylenebisanbhranilic acid dissolves readily in dilute 
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mineral acids, the corresponding methyl ester is insoluble even in 
excess (Frankel and Spiro, loc . cit.). 

Experimental. 

The esters described in this communication were prepared by 
boiling the acids with absolute alcohol saturated with hydrogen 
chloride. After removing the excess of alcohol and adding cold 
saturated aqueous potassium carbonate, the esters of the 2-alkyl- 
glyoxaline-4-carboxylic acids separated in a crystalline state. The 
other esters were extracted from the solutions by means of chloro¬ 
form, and crystallised either as base or as hydrogen oxalate. 

Ethyl 2-methylglyoxalmeA-carb oxylate crystallises from ethyl 
acetate in clusters of fine, shimmering needles, which melt at 156° 
(corr.) and are anhydrous. It is sparingly soluble in water, but 
readily so in alcohol or ethyl acetate. 

Found: C = 54‘3; H = 6*7; N = 17*9. 

C 7 H 10 O 2 N 2 (154*1) requires C = 54*5; H = 6*5; N = 1S*2 per cent. 

The ester gives no coloration with sodium diazobenzene- 
p-sulphonate in sodium carbonate solution. 

2-Ethylglyatalin e-4 -carboxylic, Acid and its Derivatives. 

2-Ethyl glyoxaline-A-carboxyanilide is prepared from 2-ethyl - 
glyoxaline-4:5-dicarboxylic acid in a yield amounting to 45 per 
cent, of the theoretical by the general method described in a 
previous communication (this vol., p. 217). It is readily soluble in 
alcohol but veiy sparingly so even in boiling water, from which it 
crystallises in clusters of fine needles; these are anhydrous and melt 
at 193° (corr.), sintering from 190°. It gives no coloration with 
sodium diazobenzeneqp-sulpbonate in sodium carbonate solution. 

Found: C-86-6; H=5*8; N=19*2. 

C 32 H 13 ON 3 (215*2) requires 0 = 66*9; H = 5*6; N = 19*5 per cent. 

2~Eihylgly oxalineA-carboxylic acid is obtained in good yield by 
the hydrolysis of # the corresponding anilide by dilute hydrochloric 
acid at 130°. It is readily soluble in hot water, but sparingly so 
in cold, and crystallises from the former in well-defined, pris¬ 
matic needles which contain two molecules of water of crystallisa¬ 
tion. After drying at 110°, it melts at 252° (corr.), sintering from 
248°. It gives an immediate blood-red coloration with sodium 
diazobenzene-p-sulphonate in sodium carbonate solution. 

Found, in air-dried acid: loss at 110° = 20-7 

C 6 H 8 0 2 N 2 ,2HoO requires 20*5 per cent. 
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In acid dried at 110°, C = 51"3; H = 5'7 ; N, = 19'9. 

C 6 H 8 0 2 N 2 (1401) requires 0=51*4; H = 5-8; N = 20-0 per cent. 

The -picrate crystallises- from water in large, prismatic needles 
containing one and a-half molecules of water of crystallisation. 
After drying at 60° in a vacuum, it sinters above 170° and forms 
a turbid liquid, which becomes clear at about 195°. 

Found, in air-dried salt, H 2 0 = 6"9. 

C 6 H s 0 2 N 2 ,C 6 H 3 0 7 N s , 1|H 2 0 requires 6'8 per cent. 

In dried salt, N = 18'7. 

C 6 H 8 0 2 N2jC 6 H 3 0 7 N 3 (369-2) requires N —19-0 per cent. 

Ethyl 2-ethylglyoxaline~A-carbaxylate crystallises from ethyl 
acetate, in which it is readily soluble, in prismatic needles which 
melt at 129° (corr.), and are anhydrous. It is readily soluble in 
alcohol, but sparingly so in water. It gives no coloration with 
sodium diazobenzene-p-sulphonate in sodium carbonate solution. 

Found: C = 56‘8; H = 7-2; N = 16*5. 

C 8 H 12 G 2 N 2 (168-2) requires C = 57-l; H = 7-2; N = 16‘6 per cent. 


2 -PlienylglyoxalineA-carboxylic Add and its Derivatives. 

2-Phenylglyo$aline-k-carboxyanilide is prepared by the action of 
boiling aniline on 2-phenylglyoxaIme-4:5-diearboxylic acid in a 
yield amounting to 74 per cent, of the theoretical. As it is prac¬ 
tically insoluble in boiling water, it is left behind after the steam 
distillation somewhat contaminated by resinous impurities, which 
are readily removed by grinding and washing with ice-cold alcohol. 
It is sparingly soluble in alcohol or the other usual organic solvents, 
and separates from alcohol in minute, glistening needles, which 
melt at 263° (corr.) and are anhydrous. It gives no coloration 
with sodium diazobenzene-p-sulphonate in sodium carbonate 
■solution.- : 

Found: C = 72'6; R=5*3; N = 15*9. 

C 16 H 13 ON 3 (263-2) requires C=73-0; H = 5 V 0; Nf= 16’0 per cent. 

2-Phenylglyoxaline-i~carboxylic acid is obtained in good yield by 
the hydrolysis of the corresponding anilide, which, however, is much 
more stable towards acid hydrolysis than the 2-alkyl derivatives. 
At 130° the reaction proceeds very slowly, but at 145—150° the 
reaction is complete after eight to nine hours’ heating. The acid 
/ separates from boiling water, in which it is fairly readily soluble, in 
fan-shaped clusters. of minute' needles ■ containing one and a-half 
molecules of water of crystallisation. After drying at 110°, it 
melts and effervesces at 239° (corr.). The acid gives an immediate 
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red coloration with sodium diazobenzene-p-sulphonate in sodium 
carbonate solution. 

Found, in air-dried material: loss at 110° = 12-7. 

1|H 2 0 requires 12‘6 per cent. 

In substance dried at 110°, C = 63'5; H—4-5; N = 14-8. 

C 10 H s O 2 N 2 (188-1) requires C = 63‘8; H = 4*3; N = 14*9 per cent. 

Ethyl 2-phenylglyoxaline-A-carboxylate crystallises from ethyl 
acetate in minute needles, which melt at 189° (corn), sintering 
above 183°. It is readily soluble in alcohol or hot ethyl acetate, 
less readily so in cold ethyl acetate, and very sparingly so in water. 
It gives no coloration with sodium diazobenzene-p-sulphonate in 
sodium carbonate solution. 

Found, in air-dried substance: loss at 100° = 9-5. 

Found, in dried substance: 0 = 66-5; H=5-7; N = 12'9. 

C 12 H 12 0 2 N 2 (216-1) requires C = 66-6; H = 5-6; N = 13-0 per cent. 

Ethyl Glyoxaline-i-acetate. —This was prepared previously by 
the action of alcoholic hydrogen chloride on 4-cyanomethyl- 
glyoxaline (T., 1911, 99, 681), and can also he obtained by the 
esterification of the corresponding acid or by the action of alcohol 
on the hydrochloride of glyoxaline-4-acetyl chloride. It gives a 
deep red colour when mixed with sodium diazobenzene-p-sulphonate 
in aqueous sodium carbonate. 

Glyoxaline-4racetyl chloride hydrochloride can be prepared in a 
crystalline state by the method given below. The crude product 
contains less than the theoretical amount of chlorine, and we have 
been unable to devise a satisfactory method of purifying it. 

Five grams of phosphorous pentachloride and 6 c.c. of thionyl 
chloride were heated on the water-bath to incipient ebullition 
(about 50°), and 4 grams of glyoxaline-4-acetic acid hydrochloride 
were added, the mixture being well stirred. Evolution of hydrogen 
chloride took place, and the pasty mass quickly became crystalline, 
forming minute leaflets. When the reaction had ended, the mass 
was diluted witfi chloroform, filtered, washed with chloroform, and 
dried in a vacuum over sulphuric acid and sodium hydroxide. The 
dry, crystalline powder obtained in this way was pale pink and 
^mounted to 4‘4 grains, that is, 97"7 per cent, of the theoretical. 
The specimen with the highest chlorine content melted and decom¬ 
posed at 127° (eorr.), the others at 125°. . 

Found: 0 = 33*2; H=3-5; 01 = 35-5, 35*1, 36‘8 (in different 
specimens). 

C 5 H 5 0N 2 C1,HC1 (181-0) requires C = 33-2; H=3-3; 01=39*2 per 
cent. ;■ 
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Ethyl 0-Glyoxalme-i-propionate .—This was purified by crystal¬ 
lisation of the hydrogen oxalate from alcohol. The ester formed 
an oil, which gave an immediate blood-red colour with sodium 
diazobenzene -p-sulphona t-e in aqueous sodium carbonate. 

The hydrogen oxalate separates from alcohol in colourless, 
shimmering leaflets, which are anhydrous and melt at 160° (corr.) 
after sintering from 155°. It is readily soluble in water or hot 
alcohol, but sparingly so in cold alcohol. 

Found: C = 48T; H=6*0; : N = 11*8. 

(C s H 12 0 2 N 2 ) 4 (C 2 H 2 0 4 ) 3 (942*7) requires C=48*4; H = 5*8; N = 11‘9 
per cent. 

Ethyl a-hydroxy-^-glyoxaUne-A-propiormte crystallises from dry 
chloroform in minute, colourless plates which melt at 118—119° 
(corr.), and are anhydrous. It is readily soluble in water or 
alcohol, sparingly so in chloroform, and insoluble in ether. It gives 
a cherry-red colour with sodium diazobenzene-p-sulphonate in 
aqueous sodium carbonate. 

/ Found:, C — 52*3; H = 6*5. 

C 8 H 12 0 3 N 2 (184*1) requires C — 52*2; H = 6*6 per cent. 

WELLCOME CHEMICAL RESEARCH LABORATORIES, 

London, E.C. 1. [Received, July 12th, 1019.] 


LXXXVIII .—The Free Energy of Dilution of Aqueous 
Sodium Chloride Solutions. 

By Arthur John Allmand and Wilfrid Oustav Polack. 

This work, which was commenced a few months prior to the out¬ 
break of war, was undertaken with the view of investigating system¬ 
atically the relations existing between activity an<J concentration 
for the different molecular species present in aqueous solutions of 
typical binary electrolytes, working between the limits of saturated 
solutions , and solutions of dilution only determined by difficulties 
of measurement. G. N. Lewis, to'whom we owe the- introductionj 
into thermodynamics of the term ‘Activity ” (Zeitsch. physikaL 
Ghem.j 1907, 61, 129), lias also provided a very convenient way of 
.expressing the deviations—true or apparent—from, the laws . of 
perfect solutions which are exhibited by the ions, and by the mole¬ 
cules of undissociated electrolyte, namely, by the use of the magni¬ 
tude “ activity coefficient.” The- " activity coefficient ” of ‘a 
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chemical species in any phase is the ratio activity/concentration 
for that species in the given phase. In the case of electrolytes, 
activity can be measured by any of the related thermodynamic 
methods (that is, osmotic pressure, lowering of freezing point, 
electromotive force), whilst the concentration can be determined 
from conductivity methods, with or without the rather uncertain 
correction for viscosity. The extent to which the activity 
coefficient differs from unity and changes in magnitude with 
change of concentration is a measure of the abnormality of the 
thermodynamic behaviour of the chemical species in question under 
the experimental conditions. 

The same author (J. Amer. Ghem. Soc., 1912, 34, 1631), in an 
important critical survey of the subject, discusses the then avail¬ 
able experimental data, including measurements of solubility pro¬ 
duct, depression of freezing point, and electromotive force. Assum¬ 
ing the validity of the conductivity method of arriving at con¬ 
centration values, the conclusion drawn is that, whilst in very 
dilute solutions concentrations and activities of ions are directly 
proportional, their activity coefficients fall off somewhat as the 
solutions become, more concentrated. On the other hand, the 
activity coefficients of the undissociated molecules of electrolytes 
increase rapidly with increase of concentration. Specific effects for 
ions would appear to enter at concentrations higher than 0*1 N. 
Later in his paper, he seriously disputes the basis of the Kohl- 
rausch method of arriving at the ionic and undissociated-molecule 
concentrations, believing it to be vitiated by changes in the mobility 
of ions with concentration, a view first put forward by Jahn 
(Zeitsch. physical. Ghent., 1900, 33, 545). His final conclusion is 
that ionic activities and concentrations are proportional in dilute 
solutions up to OTA, the activity coefficients therefore being unity 
throughout this region. 

These views have been much discussed during the last few years. 
The conclusion generally drawn (see, for example, Bates, J. Amer. 
Ghem. Soc., 1915, 37, 1421) is that the conductance-viscosity ratio 
is a measure of concentration, leaving unexplained the undoubted 
discrepancies between activity and concentration even in dilute 
solutions. When the present measurements were undertaken, how¬ 
ever, the matter had still to be regarded as an open one. One 
point which it was hoped to elucidate was the magnitude of the 
specific effects, if any, in the variations of the activity coefficients 
of the ions with concentration. By making measurements with 
four different electrolytes, such as MA, MB, : NA, and NB, and by 
comparing these with one another at concentrations at which the 
ionic concentrations in the solutions of the four different electro- 
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lytes, as determined by the conductance-viscosity ratio, are 
identical, it should be possible to test this point for the ions M*, 
N% A 1 , and B ; . Hitherto, the assumption—a probable one—-has 
been made that the activities of the two ions are identical in any 
solution of a binary electrolyte where their concentrations, ex¬ 
cluding complex-formation and solvation, are necessarily the same. 

The electromotive force method of measurement was chosen. 
Tolraan and Ferguson* (7. Amer. Che?n. Soc., 1912, 34, 232) had 
already used it successfully for measurements of activity coefficient 
on dilute aqueous solutions of hydrochloric acid. It was intended 
to use as electrolytes the chlorides, bromides, iodides, hydroxides, 
and sulphates of sodium, potassium, and lithium, and one of the 
authors had already found (T., 1914, 105, 1941) the amalgam 
electrodes prepared according to the directions of G-. N. Lewis and 
his co-workers (7. Amer. Ghem. Soc., 1910, 32, 1459; 1912, 34, 
119) to function satisfactorily. 

The principle of the method is briefly as follows. If two cells 
are set up, 

(1) Electrode reversible I Solution of AB. j Electrode reversible 

to ion A . | Concentration C v } to ion B. 

(2) Electrode reversible ! Solution of AB. j Electrode reversible 

to ion A. [ Concentration 0 2 . | to ion B. 

the electrode systems being identical, and the two combinations 

only differing in the values of the concentrations and C<> 
(Gi^> C7 2 ), the difference between the electromotive forces of the 
two cells (E) is a measure of the free energy of dilution of AB 
from the concentration C 1 to the concentration (? 2 . If the ions 
are both univalent, the free energy of dilution per gram-molecule 
. is expressed, by 

FE «* ET In ~ ln 

L^aJuwlisa. 

where a represents activity and the suffixes refer to the two solu¬ 
tions and to the undissociated molecules and the different ions. 
Making the assumption mentioned above that [«] 4 = [a] B for the 
same solution, we have . . 

FE-2RTln H 1 -'. 

[ 4 * 

The measurements of electromotive force allow, therefore, the 
immediate calculation of activity ratios for the solutions concerned, 
and from these, using concentration data obtained from measure- 

* Professor G. N. Lewis informed us by letter that Professor Telman had 
no intention of continuing the work further. 
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ments of conductivity, the activity coefficient ratios follow 
immediately. 

In order to calculate heats of dilution, measurements were carried 
out at 18° and 25°. Their close proximity was compensated for 
by the possibility of utilising the existing conductivity data for 
calculations of concentration. 

Measurements with sodium chloride were completed before the 
end of 1914. It has been impossible to resume the work, and the 
results are consequently published as they stand. 

Several papers dealing with the same or with closely related 
problems have been published in America in the interval. Such 
are those of Bates (Joe. cit.), Maclnnes and Parker (J. Amer. 
Chem. Soc., 1915, 37, 1445), Forbes and Anderegg (ibid., 1676), 
Earned (ibid., 2460; 1916, 38, 1986; 1918, 40, 1461), Ellis (ibid., 
1916, 38, 787), Ferguson (J. Physical Chem., 1916, 20, 326), 
Linhart (J. Amer. Chem. Soc., 1917, 39, 615, 2601), Noyes and 
Ellis (ibid., 2532), Pearce and Mortimer (ibid., 1918, 40, 509), 
and Bodebush (ibid., 1204). Some of these will b© referred to 
later. 

Experimental. 

The sodium amalgam was prepared precisely as described by 
Lewis and Kraus Qoc. cit.), except that the mercury was distilled 
over more rapidly on to the sodium by enclosing the containing 
vessel in an asbestos oven, the mercury being heated to about 280° 
and the sodium to 130°. The mercury employed, both for making 
the amalgams, as also for the calomel electrodes, was purified by 
passing at least twice down the usual column of acid mercurous 
nitrate. The amalgam was indistinguishable from mercury in 
appearance, and remained so for more than four years. 

The amalgam electrode vessels were as designed by Lewis and 
Kraus. The calomel electrode vessels used were chiefly (see, how¬ 
ever, later) of the usual Ostwald type, the connecting tubes being 
made as short and as wide as practicable in order to diminish the 
resistance, The calomel, after being washed several times by 
shaking with a small quantity of the solution and a little mercury, 
was shaken with a larger quantity of the solution, the liquid with 
the calomel in suspension being drawn into the carefully cleaned 
and dried electrode vessels. From four to six electrodes were pre¬ 
pared for each concentration of sodium chloride solution for which 
the electromotive force was measured, and, after allowing time for 
their potentials to become constant (usually eighteen hours), they 
were compared against one another. Electrodes which agreed at 
18° were always found to agree at 25°. When several electrodes 
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had been obtained showing a maximum difference between any 
pair of about 03 millivolt, one of them was chosen for the actual 
measurements (or one for the measurements at 18° and another 
for 258), and generally compared again with the others after the 
measurements. 

In all, seven concentrations of sodium chloride were employed, 
namely, 5*41iV (saturated at 18°),* 32V, JV, 0"52V, 0‘liV 7 , 0*0221, 
and 0-0127. The solutions were made up to volume at 18°. With 
solutions of concentration O’527 and above, the measurements can 
readily be carried out with considerable accuracy. The solution is 
contained in a glass tube 10 cm. long and 3‘5 cm. in diameter, 
suitably clamped in the thermostat, and into this tube dip the 
nozzles of the amalgam and calomel electrodes, also clamped to 
separate stands. The essential parts of the calomel electrode are 
also in the thermostat. While the measurement is being made, 
amalgam drops very slowly from the nozzle of the electrode, and 
the electromotive force remains practically constant. 

With the more dilute solutions, however, several difficulties arise. 
The most serious of them is the decomposition of the amalgam on 
coming into contact with the solution. As pointed out by Lewis 
and Kraus, the decomposition takes place chiefly on small specks 
floating on the surface of the amalgam, and when the electrode 
has been in use for a minute or so, these are carried away. Never¬ 
theless, the amalgam which collects at the foot of the tube con¬ 
taining the solution continues to decompose, and there is always 
some visible decomposition at the nozzle of the electrode, even 
when the surface seems to be perfectly dean. This tends to 
make the potential of the electrode less negative in two ways, 
namely, (i) by increasing the sodion concentration in the liquid 
surrounding the nozzle of the electrode, and (ii) by decreasing the 
sodium concentration in the surface layers of the amalgam. The 
effect of (i) obviously increases rapidly with increasing dilution, 
not only because of the increase in the actual rate of decomposi¬ 
tion, but also because of th© relatively larger effect produced on 
the concentration of the sodions. The consequence of (ii) is that 
the potential fluctuates, rising suddenly as each drop of amalgam 
becomes detached, exposing a fresh surface. To counteract this, 
it is necessary to allow the amalgam to. flow more rapidly from the 
electrode, and this means still more decomposition in the liquid. 
In consequence of these facts, it was found necessary for, the 
measurements with dilute solutions to use an apparatus of the 
" type;.shown,'in■ •. 1*%.::: I, 'in- which.: the. product of decomposition'' is 

* This solution was actually made up to saturation,, and' its concentration ■ 
■: 'oateulated from the available data, not experimentally determined. ; 
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prevented from accumulating round the electrode. In its first 
form, solution flowed from a large dropping funnel into the tube 
T, and up through the siphon tube f?. The amalgam dropping 
from the electrode N collected at A, the alkali formed by the 
decomposition being thus carried away from the electrode, which 
was always surrounded by fresh solution. Hydrogen produced at 
A collected at B. G is the calomel electrode described below. 



Later, the apparatus was modified so that the solution did not 
flow directly into the tube T, but passed first through a close- 
wound spiral of thin-walled tubing immersed in the thermostat 
and sealed into the tube T at D. With the O’OliY-solution. the 
flow of electrolyte at the moment of measurement must be fairly 
rapid, and this precaution- becomes, essential to ensure. that the 
temperature of the solution is accurately that of the thermostat. 

Another difficulty which arises with, the more dilute solutions is 
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the comparatively high resistance of the ordinary type of calomel 
electrode. For the O'OliY-measurements, the form shown in Fig. 1 
was employed. C is the electrode’ vessel proper, contact being 
made with the mercury by means of a platinum wire sealed into 
the end of a narrow glass tube, G. When the electrode was not 
actually in use, the mouth of the tube G was closed by a cork, a 
little of the liquid being removed by a pipette, care being taken 
not to disturb the calomel at the foot of the tube. These elec¬ 
trodes had a much lower resistance than the others, but were less 
trustworthy. Several were made up for preliminary tests, and in 
one or two instances considerable variations occurred, probably due 
to mechanical disturbances. With suitable precautions, however, 
they proved satisfactory enough. 

In the present investigation, it appeared that the 1 limit of dilu¬ 
tion was reached at 0*01iV T , owing to the decomposition of the 
amalgam. Much greater disturbances occurred between individual 
readings than in any of the other cases. The electromotive force 
tended to increase with increasing rate of flow of the electrolyte,* 
even until the latter reached the maximum possible with the 
apparatus used, so that the effect of decomposition was apparently 
never quite eliminated. The figures given for this dilution are 
therefore less trustworthy than any of the others. One would 
expect these to be, if anything, too low. The values obtained by 
extrapolation would also appear to indicate this. They are prob¬ 
ably more trustworthy than the experimental values, and are used 
instead of these in subsequent calculations. 

The electromotive forces were measured with a Clark-Fisher 
potentiometer and cadmium cell, both of which had been tested 
at the National Physical Laboratory. The potentiometer could be 
read to 0*0001 volt as long as the resistance in the circuit was not 
excessively high. Potentiometer, galvanometer, cells, etc., and also 
the stands to which the electrodes were clamped, were all care¬ 
fully insulated on glass. 

In all, three different amalgams were prepared, each being con¬ 
tained in a pair of electrodes. In each measurement several read¬ 
ings were taken with each electrode with various rates of flow of 
the amalgam, and, where the special apparatus was used (OTiY 
and more dilute solutions), with various rates of flow of electro¬ 
lyte. The difference between the values obtained for the two 
electrodes was in every case 'less than the possible experimental 
errors , due to other sources. The. figures given represent in each 

* Incidentally this shows that the flowing electrolyte had reached the 
temperature of the bath, as the electromotive force iaereasesjwith rise of 
temperature. 
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case the mean of the various individual readings with the two 
electrodes (in some cases of two or more complete sets of such 
readings), together with the maximum error likely to be involved, 
taking into account the variations in the individual readings in 
the calomel electrodes themselves, etc. 

The three pairs of electrodes contained amalgams with the follow¬ 
ing respective percentages of sodium: 

(a) 0-2234; (6)-0-1657; (c) 0T389. 

These values were determined by weighing out small quantities of 
the amalgam, acidifying, and, on completion of the decomposition, 
estimating the excess of acid by titration. 

The electrodes (a) contained only a small quantity of amalgam, 
and were only used for two dilutions, namely, OTA and 0-02iT. 
As the measurements were carried out with stationary electrolyte 
and not with the special apparatus, there was a fair amount of 
decomposition. The values must therefore be regarded as more 
or less preliminary. Nevertheless, there is good agreement between 
the values for the difference of electromotive force at OTA and 
0’02A furnished by the two pairs of electrodes (a) and (6), the 
special apparatus being used in the case of (&). 

Tables I and II give the actually measured electromotive forces 
in volts at 18° and 25° for the three amalgams (a), (&), and (c). 


Table I. 


18°. 


Concentration. 

(a) 

(&) 

(o) 

5-41JV. 



2*0281 ±0*0002 

3 N . 

— 

— 

2*0770±0*0001 

IN ... .. 

— 

2* 1466 ±0-0002 

2*1398±0*0002 

0-5 N . 

— 

2-1792 ±0*0003 

— 

0*1 A .. 

. 2*2635 ±0*0010 

2*2534±0*0004 


0*02 A’.. 

. 2*3384 ±0*0010 

2*3274±0*0005 

— 

Q-QIN .. 

Table II. 

25°. 

2*350 ±0*002 

Concentration. 

(«> 

<&> 

(o) 

5-4IA .. 


— 

2*0283 ±0*0001 

3 N .... 

. ".— 

—- 

2*0784 ±0*0001 

IN .. 

-r 

2*1499±0*0002 

2*1430±0*0002 

0*5 N .. 

— 

2*1838±0*0003 

—- 

0*1 N .. 

. 2*2710±0*0010 

2*2596±0*0003 

—* ■ 

0*02 N ....... 

. 2*3450±0*0010 

2*333Q±Q*OO10 

— 

o-oi a . 

. — ; 

... ■■■ ■ — 

2*358 ±0*002 


■■■ Assuming that the difference in potential between amalgams 
(b) and (c) as deduced from the readings with A-solutions is G'0Q68 
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volt at 18° and O'0069 volt at 25°, the values which the electro¬ 
motive forces would have for amalgam (c) and 0*5if-, and 

0 • 02if -solutions can be calculated. They are contained in 
table III and are plotted in Fig. 2. In view of what has already 
been said (see p. 1026), the figures for O'Olif-solutions given in the 
table are not the experimental values, but those extrapolated from 
the curve. 

Fra. 2. 



Table III. 


M.M.F. for the combination 


G in mols. 

O' in mols. 
MaCI per 

Hg S Hg s 01 s aqueous 
NaQ | 0*1389 per cent, 
sodium amalgam. 


NaCl per 

1000 grams 

18°. 

25°. 

a (defined by 

litre. 

of water. 

Volts. 

Volts. 

e f ==e lfj [l + (i—18)a]) 

■ 5*41 

6*12 

2*0281 

2*0283 

141X10~ 7 

3*0 

3-196 

2*0770 

2*0784 

963 

10 

1*022 

2*1398 

2*1430 

2140 

0*5 

0*5034 

2-1724 

2-1769 

2960 

0*1 

0*1003 

2-2466 

2*2527 

3880 

0*02 

0-02003 

2*3206 

2*3267 

3760 

0*01 

0*01001 

2*3520 

>(±0*0005) 

2*3585 

(±0-0005) 

3950 


Free and Total" Energy Changes of Cell Reaction. 

Taking the Faraday as 96,540 coulombs, the decreases in free 
and total energy of the system per gram-equivalent transformed 
can be calculated for the cell reaction 
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2Na (in form of 0*1389 per cent, amalgam) + Hg 2 01 2 —> 

2Hg + 2NaCl (in aqueous solution) 
from the figures in table III. The results are contained in 
table IV. 

Table TV. 


Free energy decrease at 


C m.mols. 

WaCI per 1000 

18°. 

25°. 

Total energy 
decrease at 18°. 

grams of water. 

J oules. 

Joules. 

Joules. 

6-12 

195795 

195815 

195000 

3-196 

200520 

200650 

195030 

1-022 

206575 

206885 

193690 

0-5034 

209725 

210160 

191600 

0-1003 

216885 

217475 

192360 

0-02003 

224030 

224620 

199500 

0-01001 

227060 

227695 

200790 


The figures indicate that the decrease of total energy, or heat 
©Sect of the reaction, at first falls off as the electrolyte becomes 
more dilute, and then commences to increase. The results are 
plotted in Fig. 3, and it will be seen that the curve has a minimum 
at about 0*25—0*3 molecule of sodium chloride per 1000 grams of 
water. Too much stress, however, is not laid on this result, or on 
certain other calculations of heat effects recorded subsequently in 
this paper. The range of temperature over which measurements 
were made is small, and the calculations are correspondingly 
affected, whilst for the more dilute- solutions the possible error's in 
the measurements must be seriously taken into account. 


Sodium Chloride Concentration Cells without Transference. 

By subtracting the values of electromotive force given in table 
III from the corresponding values for the OTiV-solution, figures are 
obtained for the electromotive forces of sodium chloride concentra¬ 


tion cells “ without transference,” one of the two solutions in every 


case being 

0*1A T (p. 

1022), 

These values 

are contained in 

table V. 

C in mols. NaCl per 
1000 grams of water. 

Table V. 

E.M.F. at 

18°. 25°. 

a (defined by e<. 


CV 

Volte. 

Volts. 

««i«[l + («-18)a]). 

6-12 

0*1003 

0-2185 

0-2244 

386x10“ 5 

3*196 

>> 

0-1696 

0-1743 

396 

1*022 

?* 

0-1068 

0-1097 

388 

0-5034 


0-0742 

0-0758 

308 

0-02003 

** 

-0-0740 

-0-0740 

0 

0-01001 

»» 

— 0-1054 

-0-1068 

54 
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We can compare these figures with those obtained by other in- 

Q Q.^ 

vestigators for similar cells. Thus, whilst for = q--~ (normal 

concentrations) sodium chloride gives a figure of 0'1058 volt at 
25°, other experimenters have obtained the following figures for 
hydrochloric acid and for potassium and lithium chlorides: 


Fig. 3. 

[ 202 



Log. mola. ISTaGl per 1000 grams of water. 


Table VI. 

Electrolyte. Volt. Observer. 

HOI 0*114 Noyes and Ellis {foe. cit,) 

HOI 0*1089 Maelnnes and Parker {loc. cit.) 

EiCl 0*10433 Pearce and Mortimer {loc. cit.) 


By a comparison of the figures for such cells with those given by 
the... cor responding cells with transference, the transport number 
of the electrolyte can be calculated. The electromotive force of 

the cell without transference (p. 1022) is e 1 = 2~? In c h, whilst that 


.of the, cell.;., with' transference is 


where H is the 
.... Jl ' - a.2 ... , . 
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cation transport number if electrodes reversible to the anion are 
employed. Consequently, 

N P = 

Measurements of sodium chloride concentration cells with trans¬ 
ference were carried out at 18° by Jahn ( Zeitsch . physikal. Ghem., 
1902, 41, 298), using calomel electrodes and dilute solutions of 
electrolyte. Table VII contains figures taken from his paper, 
together with corresponding values drawn from table V or Fig. 2. 
In the last column are the calculated transport numbers for the 
sodium ion. 


. 

m mols. 
per litre. 

in mols. 
per litre. 

Table VII. 

e t . 

®** 

N„. 

0-02 

0-01 

0*0314 

0*01293 

0-412 

0-04 

0-02 

0*0317 

0*01268 

0*400 

0-06 

0-03 

0*0318 

0*01266 

0*394 


Experimental determinations gave the following results (Abegg, 
“Handbuch,” II, i, 231): 


C. 


No. 

Observer. 

3— 5N. 

10° 

0*362 

Hittorf. 

0GN. 

16 

0*366 

»» 

0*005#. 

10 

0*379 

Jahn-Schulz. 

1/30—1/150#. 

0 

0*387 

1/8—1/14#. 

18 

0*395 

»» 

1/8—1/150#. 

30 

0*404 



In a way exactly similar to that by which the figures in table V 
were obtained from the data of table III, we can calculate from 
table IV values for the decrease in total energy (heat content) 
and free energy associated with the transfer of one molecule of 
sodium chloride from any concentration given in the table to a 
0-1 molar normal solution. Table VIII contains the results. 


Table VIII. 

C in mols. NaCl per Free energy decrease in 
1000 grams of water. joules at Total energy 

✓- . N -*--—s decrease in joules at 


Oi- 


18°. 

25°. 

18°. 

e-12 

0*1003 

21090 

21660 

-2640 

3*196 

„ ■ 

16365 

16825 

-2670 

1*022 

»»' ■ 

10310 

10590 

-1330 

0*6034 


7160 

7316 

+760 

0*02003 


-7146 

-7145 

-7145 

0*01001 

„ ■ 

-10175 

-10220 

-8430 


In table IX, the results in the last column of table VIII are 
expressed as the total energy decrease attending the transfer of 
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one molecule of sodium chloride from a concentration of 6 "12 mole¬ 
cules per 1000 grams of water to other concentrations given in the 
first column. 


Table IX. 


Heat effect at 18°. 


G m mols. NaCl per 
1000 grams of water. 

Joules. 

Calories. 

6-12 

— 

•— 

3-196 

+30 

+ 7 

1-022 

-1310 

* “ 313 

0-5034 

-3400 

* -812 

0-1003 

-2640 

-630 

0*02003 

+4505 

+ 1075 

0-01001 

+ 5790 

+ 1382 


The curve representing the variation of the heat effects of 
tables VIII and IX with concentration of electrolyte will, of 
course, be exactly similar in form to that in Fig. 3. The magni¬ 
tude of the possible errors involved must again be emphasised. 
This point is also brought out by the last column in table V. It 
is improbable that the value of a, after approximating to the 
‘■‘ Meal” figure of 366*5 x 10~ 5 in concentrated solutions, should 
fall and fluctuate in the dilute solutions, as the experimental 
figures appear to indicate. 

The free energies of dilution of sodium chloride at 25° from 
saturated solution to TG27 and from T027 to .0*127 have been 
calculated, by Rodebush (Joe. cit.) from freezing-point measure¬ 
ments to be respectively 2477 and 2464 calories. 

Our value for — dF 298 from 1*027 to 0*127 can be obtained from 
column four of table VIII, and is 10590/4*189 = 2528 cals., a rather 
higher figure. A saturated solution of sodium chloride at 25° is 
5*4327, and contains 6*14 molecules per 1000 grams of water (as 
against 5*4127 and 6*12 molecules per 1000 grams at 18°). If we 
extrapolate to this concentration on Fig. 2, we obtain the value 
2*0279 for the electromotive force in volt® of the experimental cell 
at 25°. From this figure and that for the cell with saturated solu¬ 
tion at 18°, we calculate for the reaction 
2Xa (in form of 0*1389 per cent, amalgam)+ Hg 3 Cl 2 *—> 

2Hg + 2NaCl (solid) 

that ' — A'Fgjjg is 195,775 joules and — is 196,585 joules, in 
both cases for the transformation of 1 gram-equivalent. From 
this value of —AF^g and from — AF^g for a 1‘027-solution (table 
IV, column three), we calculate that - AF 298 from saturated solution 
to 1*027 is 11,110/4*189 = 2652 calories, a much higher figure than 
that of Rodebush. 

The difference of the above value of — for the reaction 
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involving the production of solid sodium chloride and that of 
— AH 29 i for the reaction involving the production of saturated 
sodium chloride solution (see- table IV) furnishes us with the heat 
of solution of one molecule of sodium chloride in a saturated solu¬ 
tion at 18°. This value comes to 195,000—196,585 joules, or —378 
calories. There are no experimental determinations with which 
this figure can he directly compared. Using the van’t Hoff iso- 
chore, and taking the solubility of sodium chloride as 35'79 grams 
and 35-92 grams per 100 grams of water at 18° and 25° re¬ 
spectively, we calculate the heat of solution as — 89'5 calories, a 
far smaller value. The assumption of the validity of the gas laws, 
however, involved in this equation is certainly not justified, and 
we believe our value to be nearer the truth. 

If we compare the values deduced from our curve for heats of 
solution in given quantities of water and for heats of dilution with 
experimental values, the concordance is only moderate. For the 
heat of solution of one molecule of sodium chloride in 9*2 molecules 
of water, Stackelberg (Landolt-Bornstein, “ Tabellen,” 4th edition, 
p. 875) found —410 calories; for the same in 10 molecules of water, 
van Deventer and van de Staat {Zeitsch. physikal. Ghent,, 1892, 
9, 55) found —475 calories. We deduce, respectively, —371 and 

— 373 calories. For the heat of solution of one gram-molecule of 
sodium chloride in 100 gram-molecules of water, Thomsen 
(Landolt-Bornstein, “Tabellen,” 4th edition, p. 875), Stackelberg 
{Zeitsch. 'physihal. Ghent. , 1898, 26, 545), and van Deventer and 
van de Staat found, respectively, —1180 calories, —1030 calories, 
and —1130 calories. Our value is —1110 calories. When, how¬ 
ever, we compare the different value® for heats of dilution over 
concentration limits included in this range, the discrepancies are 
large. We get much smaller heat effects for dilution up to con¬ 
centrations of one molecule of sodium chloride to 20 molecules of 
water, and much larger for dilutions between lNaCi:50H 2 G and 
INaCI: lOOHgO. Thus van Deventer and van de Staat found the 
molar heat of dilution from INaCI: 10H 2 O to INaCI :20H 2 O to be 

— 247 calories, whereas our figure is —17 calories.- Similarly, their 
value for dilution from INaCI: 50H 2 O to INaCI: 100H 2 O Is 

— 128 calories per mol. NaCl. Our value is —463 calories. 


The Reaction 2Na + Hg 2 Cl 2 •—> 2NaGl + 2Hg. 

Lewis and Kraus (loc. eit.) found that 0’2062 per cent, amalgam 
at 25° is 0-8456 volt positive to metallic sodium, whilst the 
temperature-coefficient of the electromotive force of the cornbina- 
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tion is — O'0OQQ4G8 volt/degree. It follows that, the amalgam is 
0*3459 volt positive to sodium at 18°. 

Tli© measurements in tables I and II show that our amalgam 
(c) is 0-0068 volt positive to ( b) at 18°, and that (b) is 0*0110 volt 
positive to (a). At 25°, the potential differences are 0*0069 and 
0*0114 volt respectively. Plotting these figures and interpolating 
to find the relative potentials of the 0*2062 per cent, amalgam at 
these two temperatures, we obtain the result that it is negative to 
the amalgam (c) (0*1389 per cent.) by 0*01465 volt at 18° and 
0*01495 volt at 25°. Combining these values with the figures of 
Lewis and Kraus, it follows that amalgam, (c) is positive to sodium 
by 0*86055 volt at both 18° and 25°. From the electromotive 
forces of the cells, amalgam (c) j saturated NaCl|Hg 2 Cl 2 j Hg, experi¬ 
mentally determined for 18° and extrapolated for 25°, we calcu¬ 
late for the cell ' 

Na 1 saturated NaCl j Hg 2 Cl 2 j Hg 

that 

e m = 2*88865 volts, 

6293 = 2*88845 ,, 

and for the cell reaction 

2Na + Hg 2 Cl 2 —> 2NaCl (solid) + 2Hg 

that 

— AF 2 g 1 =66,573 calories 
-AF 298 = 66,569 „ 

— AHggj = 66,740 ,, 

per gram-equivalent transformed. The “ calorimetric ” value of 
— AH 291 is obtained by subtracting the accepted heat of formation 
of |-Hg 2 Cl 2 (Varet) from the heat of formation of NaCl (Thomsen), 
that is, 31,315 from 97,700, leading to a figure of 66,385 cals. 

Free Energy in Solution of One Molecule of Sodium Chloride . 

By adding to the above values of — AF for the reaction 
2Ka + Hg 2 Cl 2 —> 2NaCl + 2Hg 
the values of —AF for the reaction 

2Hg + CL, (one atmosphere) —> Hg 2 Cl 2 , 
that is, 25,255 and 25,125 cals, per gram-equivalent at 18° and 
25° respectively (Ellis, loc. cit., p. 757), we arrive at once at values 
for the difference in free energy between sodium and chlorine on 
the one hand and solid sodium chloride on the other, namely, for 
the reaction 

Na +• |C1 3 (one atmosphere) —NaCl (solid). 

— AFocjj =91,828 calories. 

-AF^ 8 = 91,694 „ 
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As a check on these values, we can calculate — AH 291 . The value 
found is 97,400 cals., whilst the calorimetric value already referred 
to above is 97,700 cals. 

We are now in a position to state the values of the free energy 
of one molecule of sodium chloride at different dilutions in aqueous 
solution, taking* the free energies of the two elements concerned, 
sodium and chlorine, as zero. The figures are contained in table X, 
and are obtained by combining the above values for the free energy 
of solid sodium chloride with the figures in table VIII and the 
value deduced on p. 1032 for — AF^g from saturated to TOW-sodium 
chloride. Similar figures for the total energy of a molecule of 
sodium chloride could also be calculated, but the data are not 
regarded as sufficiently trustworthy. 


Table X. 

Free energy of 1 mol. of NaCl in 
calories at 


G in mols. 



per litre 

18°. 

25°. 

(saturated). 

-91828 

-91694 

3-0 

-92956 

-92858 

1-0 

-94401 

-94346 

0-5 

-95154 

-95128 

0-1 

-96863 

-96874 

0*02 

-98568 

-98580 

0-01 

-99292 

-99314 


Activities of Ions and Undissociated Molecules. 

From the data contained in table V, activity ratios can be calcu¬ 
lated by the method given on p. 1022. This has been done, and 
the results are contained in table XI. 


C in mols, 
per 1000 
grams of 
water, 
6*12 
3-196 
1-022 
0-5034 
[0-1003 
0*02003 
0-01001 


_ Activity N a Ch 
Activity NaCl 0 . K 10: / 

18% 25°. 

6096-0 6249-0 

867-0 874-4 

70-8 71-7 

19-29 19-15 

1-0 1-0 

0-0522 0-0560 

0-0149 0-0162 


Table XI. 


■ Activity Naf 
Activity Naiwoes 
18% ~25° 

78-1 79-05 

29*44 29*57 

8-414 8-468 

4-392 4-376 

1-0 1-0 

0-229 0*237 

0*122 0-127 


Activity of 

(assuming Thermo- 
value in dynamic 
0-1003 soiu- degree of 
tion is 0-073 dissoela- 


at 25°), 

tion. 

25°. 

25°. 

5*771 

0-94 

2-159 

0-67 

0-618 

0-00 

0-319 

0-63 

0*073 

0*73] 

0-0173 

0-86' 

0-0093 

0-93 


.. From the : ratios in columns ' two to five, and assuming ' with 
Named (/. Amer , ChemA Soc., 1918, 40, 1461) that the most 
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likely value for the ionic activity of such an electrolyte as sodium 
chloride in O-LV-solution is 0'073, the values in columns six and 
seven are calculated. The term " thermodynamic degree of dis¬ 
sociation ” to denote the ratio of ionic activity to total concentra¬ 
tion seems preferable to “activity coefficient/’ as used by Ellis 
(loc. cit.). The latter term should be retained for expressing the 
ratio activity/concentration for the same molecular species, accord¬ 
ing to the nomenclature introduced by Lewis. 

This table shows that the thermodynamic degree of dissociation 
first falls off as the concentration of the dissolved sodium chloride 
increases from 0*01iV\ passes through a minimum value at about 
1JV 7 , and then increases to the high figure of O’94 at the saturation 
point. This behaviour is shared qualitatively by aqueous hydrogen 
chloride and potassium chloride solutions. The former show a 
marked minimum for the value of the thermodynamic degree of 
dissociation at about OSiV (Ellis, loc. cit.), whilst for potassium 
chloride solutions the lowest value lies at about 2N (Earned, J. 
Amer. Chem. Soc., 1916, 38, 1986). 

Lithium chloride solutions have not yet been investigated over 
a sufficient range to discover a minimum, supposing one to exist. 

Our values for this function can be compared with those 
obtained by Earned («7. Amer. Chem . Soc., 1918, 40, 1461) from 
measurements of sodium chloride concentration cells with trans¬ 
ference. His figures are given in table XII, and the agreement 
with ours is seen to be good. 

Table XII. 

Activity. Thermodynamic 
T—25°, degree of dissociation. 

2-261 0-754 

1-397 0-698 

0-628 0-028 

0-312 0-624 

0-192 0*04 

0-073 0-73] 

The value of 0*0093 for the activity of the sodium ion in 
O Olif 'Solution, obtained on the assumption that the activity in 
0*lif-soliition is 0*073, is identical with that assumed by Linhart 
(J. Amer. Chem. Soc,, 1917, 30, 2601) for the activity of the 
.potassium'and hydrogen Ions in 0*01if-solutions.- ''His assumption 
leads to ionic activities for these ions in 0*1 A” -solutions of 0*078 
'■.add 0*082 respectively,'' fibres considerably "..higher ■ than ■ the ' corre¬ 
sponding one for the sodium ion. If, however, we calculate the 
activity of the lithium ion in O'liV-solution from the results of 


C of NaCl in 
mols. per litre. 
3*0 
2-0 
1-0 
0*5 
0*3 
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Pearce and Mortimer (foe. cit.) } assuming that the activity in 
O-OliY-solution is G‘0093, we arrive at a figure of 0-070, still lower 
than that for sodium ions. The fact that the relative degrees of 
hydration of the four ions in question arrange themselves in the 
inverse order of magnitude to that of the activities in OTiY-solution 
may be of significance. 

Owing to the present lack of, suitable viscosity, data to apply to 
the existing conductivity measurements, no attempt can be made 
to calculate accurately the activity coefficients of the ions and un- 
dissociated molecules. It is, however, certain that, starting from 
dilute solutions, ajc for the ions at first decreases, passes through 
a minimum, and then increases, whilst ajc for the undissociated 
molecules increases throughout, and reaches very high values in 
concentrated solutions. Sodium chloride in this respect acts in a 
similar way to other electrolytes. 

The different points of view from which the anomalies of strong 
electrolytes can at present most fruitfully be discussed are dealt 
with in the excellent papers of Bates, Pearce and Mortimer, 
Harned and others, already referred to, and there is no need to 
add anything here, particularly as there are still many gaps in 
absolutely necessary data unfilled. 

Molecular Condition of Sodium in Sodium Amalgams. 

Our experiments furnish an interesting confirmation of the 
work of Ramsay (T., 1889, 55, 533) and of Cady (J. Physical 
Chem ., 1898, 2, 551), who found by vapour pressure and electro¬ 
metric experiments, respectively, that sodium, dissolved in mercury 
at concentrations varying from 0*03 to 0*66 per cent., behaved 
as if it were giving an abnormally large number of osmotically 
active particles, that is, as if simple atoms were dissociated into 
something simpler. From table II, it will be seen that the electro¬ 
motive forces between amalgams (&) and (6), if measured in a 
sodium chloride solution at 25°, would amount to 0*0114 volt, and 
between (b) and (e) to 0’0069 volt. Substituting these values and 
those for the concentrations of the amalgams in the equation 

. 2-303 BT 1 <y 

~ ~F * ^ 

where x represents the'association'factor of the metal atoms dis-.- 
solved in the mercury, we find ; for the combination amalgam («■)- 
amalgam (b) that x is 0*68, and for the combination amalgam (b)- 
affialgam (c) that x ■ is 0*65. These values .for ^correspond with 
apparent molecular weights of 15*6.and'. 15*0 respectively. Ramsay, 
"■ VOL. oxv. q q 
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working at high temperatures, found that the apparent molecular 
weight decreased as the concentration of sodium increased. For 
concentrations closely corresponding with ours, values of about 18 
were obtained. Cady, working - at 19—20°, and measuring 
amalgam concentration cells, using pyridine solutions as electro¬ 
lytes, obtained figures from 11'3 to 16-3, again decreasing with 
increasing concentration of amalgam. 

At first sight, it would seem possible that sodium atoms dis¬ 
solved in mercury are dissociated into sodium ions and free electrons 
(the latter surrounded by a condensed atmosphere of mercury 
molecules), and that the electrical conductivity of sodium amalgams 
is partly electrolytic in nature. Such a state of affairs would be 
analogous to that shown by Kraus ( J . Amer. Chem. Soc. } 1908, 30, 
1323) to exist in solutions of sodium in liquid ammonia. Skaupy 
{ Zeitsch . physical. Chem., 1907, 58, 560), indeed, has tried to prove 
that dhe supposed equilibrium 

metal t=. metal ion 4- electron 

in dilute amalgams obeys the Ostwald dilution law. The experi¬ 
ments of Lewis, Adams, and Lanman ( J. Amer. Chem. Sac., 1915, 
37, 2656) are, however, completely against this assumption. They 
showed that, when a current passes through a sodium amalgam 
solution, the sodium, concentrates at the positive pole. Their sug¬ 
gested explanation is rendered less probable by subsequent very 
exact experiments by Hine (ibid., 1917, 39, 882) on the con¬ 
ductivity of dilute alkali metal amalgams, hut it is at all ©vents 
clear that the dissolved sodium is not associated with a surplus 
positive electric charge. 

The true explanation of the apparent low molecular weights is 
in all probability the formation of compounds between the sodium 
and the mercury. The importance of taking this into account was 
first pointed out by Haber (Zeitsch. physikal. Chem., 1902, 41, 
399), Sodium and mercury can combine to form the well-defined 
compound NaHg 6 . Abegg (" Handbuch,” II, i, 679) has shown 
that it is a likely assumption that the concentration of free mercury 
in the amalgams is thereby lowered to a sufficient extent to explain 
Ramsay’s (and also the electrometric) results, Cady ( loc . cit.) has 
further demonstrated that the abnormalities in the electrometric 
results disappear if the heat of dilution of the. amalgams is taken 
into; . account; Actually measuring' this .for' sodium amalgam. 

: between certain concentrations, he .obtained very exact agreement. 

Low apparent ' molecular weights are associated with abnormally 
■ high .electromotive forces .for concentration cells, with positive 
■■heats, of; dilution,' and ■ with the formation of exothermic compounds. 
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Those interested are referred to papers by Richards and G-arrod- 
Thornas ( Zeitsch . physikai . Ghem., 1910, 72, 165), and by Hilde¬ 
brand (J. Am-er . Ghem. Soc., 1913, 35, 501), -where the situation 
is clearly set out. 

The temperature-coefficients of our own cells were measured over 
too small a range to allow of the calculation from them of the 
heats of dilution of the sodium, amalgams used. 

Summary. 

(1) Measurements of cells of the type 

HgjHgoCl 2 aqueous NaCl solutions | sodium amalgam 
have been carried out at 18° and 25° for concentrations of sodium 
chloride ranging between O'OliV and saturated solution. 

(2) From these have been calculated the free and total energies 
of dilution of sodium chloride between the concentration limits 
referred to. 

(3) The transport number of the sodium ion in different dilute 
sodium chloride solutions has been calculated. 

(4) The molecular heat of solution of sodium chloride in 
saturated solution at 18° has been calculated. 

(5) The changes in free and total energies of the reactions 

2Na + Hg 2 Cl 2 —> 2NaCl (solid) + 2Hg, 

2Na + Cl 2 (1 atmosphere) —>■ 2NaCl (solid), 
have been calculated. 

(6) The free energies of one molecule of sodium chloride in 
aqueous solution at various concentrations at 18° and 25°, referred 
to the free energies of the elements sodium and chlorine as zero, 
have been calculated. 

(7) The “ thermodynamic degrees of dissociation ” of sodium 
chloride in aqueous solution at different concentrations at 25° have 
been calculated, together with the corresponding activities of the 
sodium ion. 

(8) Confirmation has been obtained of previous work on the 
molecular condition of sodium in sodium amalgams. 

Mttspratt Laboratory, ' 

University op Liverpool. 

' [Beceived, May 31s», 1910.] 
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LXXXIX .—-The Active Substance in the JLodination of 
Phenols. 

By Victor. Cofman. 

Numerous methods are known for the preparation of iodophenols, 
and the entrance of iodine in the molecule has been accounted for 
in various ways. The object of this communication is to prove 
that hypoiodous acid is solely responsible for the iodination in a 
number of processes investigated, and to show that the presence 
of th© above-mentioned substance as an intermediate compound 
satisfactorily explains the formation of iodophenols by the various 
known methods. 

That hypoiodous acid has the property of reacting with phenols, 
producing iodo-substituted compounds, is no new discovery. 
Selivanov ( Ber ., 1894, 27, 1012) pointed out that the iodination 
of phenol by means of nitrogen iodide is due to the hydrolysis of 
the latter compound and the consequent production of hypoiodous 
’acid; various other authors (Bray, Zeitsch . -physikal, (Jhem., 1908, 
54, 563; Cohn and Schultz, Ber., 1905, SB, 3294; Gardner and 
Hodgson, T., 1909, 96, 1822) have suggested that the same com¬ 
pound may be responsible for the formation of iodophenols by the 
“ iodine and alkali ” methods, hut no definite proofs have been 
adduced in support of this view, nor has it yet been attempted to 
ascribe the production of iodophenols in all the known instances 
to the presence of one and the same substance in the various react¬ 
ing mixtures. . ' ' ' 

The earliest mention of any iodophenol is that made by Piria 
(Compt. rend., 1843, 18, 187), but the merit of a first investiga¬ 
tion of this class of compounds rests with Lautemann {Annalen, 
1861, 120, 299), who prepared several iodophenols and iodo- 
.salicylic acids. Prom his method of preparation, Lautemann 
inferred that, on heating iodine with salicylic acid, a direct sub¬ 
stitution takes place, although he could not explain what happened 
to the displaced hydrogen. 

LateryKekule (Annalen, 1864, 131, 221) showed that the com¬ 
pounds obtained by Lautemann’s process were formed only when 
the mixture of iodine and salicylic acid was dissolved in alkalis. 
He prepared the same compounds by the action of iodine and iodic 
acid on salicylic acid, and explained their formation thus: 

(i) C 7 H e 0 3 +1 2 + KOH = C 7 H 5 0 3 I + KI + H.O. 

(ii) 5C 7 H e 0 3 + 2I 2 + HIO s ~ 5C 7 H 6 0 3 T + 3H 2 0. 
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Kekules opinion was that iodine has the property of displacing 
the hydrogen atoms of certain organic compounds in the presence 
of a third substance capable of oxidising, or removing in some 
other fashion, the hydriodic acid formed during the reaction. This 
explanation has since been put forward to account for the form¬ 
ation of iodophenols by other methods, namely, (i) the “iodine and 
mercuric oxide” method ( Ber., 1872, 5, 380); (ii) the “iodine and 
sodium phosphate ” method (J. Pharm. Ghim ., 1902, [vi], 15, 217); 
(iii) the iodine monochloride method (ibid.). 

According to this view, in every one of the above cases, the first 
part of the reaction is HR + X 2i =IR + HI (where R = phenolic 
radicle), and the second part consists in the removal of the hydriodic 
acid thus formed by the third substance present. 

The production of iodo-substituted compounds by means of iodine 
monochloride was originally given a similarly simple interpret¬ 
ation (Brown, Phil. Mag., 1854, [iv], 8, 201): 

HR + IC1 = IR + HC1. 

A more complicated equation was put forward by Dagener (J. 
pr. Ghem., 1879, [ii], 20, 324) as representing the course of the 
reaction in his hypochlorite method of obtaining tri-iodoresorcinol: 

6CaOClo + 12KI + 12HC1 + 2C 6 H 4 (OH) 2 = 

6CaCl 2 + 6HI + 12KC1 + 2C 6 HI 3 (OH) 2 + 6H 2 0, 

whilst in the “dry ” reactions of Birnbaum (Ber., 1882, 15, 459) 
and Schall (Ber., 1883, 16, 1897), the authors assume that the 
hydrogen atom displaced by the iodine wanders in one case to the 
carboxyl, and in the other to the hydroxyl group, thus: 

0H-C 6 H 4 *C0 2 H +1 2 =0H-C 6 H 3 I-C0 2 H + Agl 

and 

C 0 H s *ONa + Ig = C s H 5 *OI + Hal, 

C c H 5 -OI C 6 H 4 I*OH.. 

Finally, Willgerodt (J. pr. Ghem., 1888, [ii], 37, 446) supplied 
for his method the equation 

C 6 H 5 *OH + NI S =C g H 2 I 3 -OH + nh 3 . 

Experimental. 

The opinion that the formation of iodophenols must be due to 
the presence of hypoiodous acid suggested itself to the present 
author during the preparation of di-iodosalicylic acid by the action 
of iodine monochloride on salicylic acid. It was observed, on the 
one hand, that the reaction did not take place in the absence or 
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water, whilst, on the other hand, an aqueous solution of iodine 
monochloride soon lost its power of combining with salicylic acid. 
The gradual disappearance of the “active iodine' 7 (that is, iodine 
capable of attacking the phenolic molecule) from such a solution is 
strikingly shown in the table given below. The method employed 
was to add 10 c-c. of a solution of iodine monochloride in glacial 
acetic acid (Wijs’ solution) to 100 c.c. of water; the mixture was 
allowed to remain at the ordinary temperature (12°) for the 
specified time, after which excess of sodium salicylate (5 c.c. of a 
10 per cent, solution) was added to combine with the “active 
iodine 77 ; this was followed after one minute by the addition of an 
excess of potassium iodide and titration with N / 10-thiosulphate 
solution. 


Table showing the Rapid Decrease in the Amount of " Active 
Iodine 77 Present in Aqueous Iodine Monochloride Solution. 


solution was 
sd to remain. 

Ho. of c.c. of Nj 10- 
thiosulphate required. 

“ Active iodine.’ 

0 

0 

27*8 

10 sec. 

4-1 

23*7 

20 „ 

5-8 

22*0 

30 „ 

7-3 

20*6 

1 min. 

10-5 

17*3 

2 „ 

13*3 

14*5 

3 „ 

16*8 

11*0 

5 „ 

17*1 

10-7 

10 „ 

18-1 

9*7 

30 „ 

20*2 

7*6 

1 hr. 

21*9 

6*9 

2 hrs. 

23*3 

4*5 

16 „ 

25*1 

2*7 

24 „ 

26*2 

1*6 


How is this rapid decrease in the activity of iodine monochloride 
solutions explained? As is well known, iodine monochloride is 
partly hydrolysed in aqueous solution, 

IC1 + H 2 0 ^ IOH + HCi, 

the hvpoiodous acid formed quickly decomposing into iodic acid 
and free iodine, the reaction being usually represented thus: 

5IOH *=' 2I a + HI0 3 + 2H a O. 

Now, it is highly probable that the decrease in the activity of the 
solution is due to this decomposition of the hypoiodous acid, but, 
owing to our imperfect knowledge of the constitution of iodine 
monochloride■solutions,, this; cannot; be definitely proved. ; : .Other, 
products of decomposition, such as the compound IC1,HC1 and 
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iodine trichloride, are present, and these may have a bearing on 
the matter. 

Nevertheless, it is quite clear that the present view, which 
ascribes the iodination of phenols in iodine monochloride solution 
to the action of the iodic acid formed, is untenable, since the 
amount of iodoplienol produced actually diminishes as the concen¬ 
tration of iodic acid and free iodine increases. 

The next step was to investigate the formation of iodophenols 
in alkaline iodine solutions. In this case, thanks to the fact that 
the kinetics of the system iodine-potassium iodide—sodium hydr¬ 
oxide lias been fully investigated by Schwickler ( Zeitsch . physical. 
Ghem., 1895, 16, 303), Forster {J. Physical Ghem., 1903, 56, 
324), Bray {Zeitsch. physikal. Ghem., 1906, 54, 563), and Skrabal 
{Monatsh., 1907, 28, 217; 1909, 32, 167, 815), it is possible to 
show that, in such solutions, the mass of “ active iodine ” is at any 
instant equal to the amount of hypoiodous acid present , thus 
proving them conclusively to be one and the same substance. 

Without going too deeply into the kinetics of hypoiodite solu¬ 
tions, it may be stated that the first reaction which takes place 
when iodine is dissolved in alkalis, namely, 

I 2 + OH' ^IGH + F, 

attains rapidly a state of equilibrium and, in strongly alkaline 
solutions, the concentration of free iodine is negligible. The 
decomposition of the resulting hypoiodous acid, on the contrary, 
is relatively slow, proceeding with measurable velocity. It has 
thus been found possible to prove that the reaction is one of the 
second order, the rate of change being expressed by the empirical 
formula 

_ dpOH] _ 

d>t [OH j 

where E —total concentration of electrolytes and c = a variable 
factor depending on the concentration of I 7 and OHk 

Under special experimental conditions (when 0'B. f Jl r <C 10), the 
member e(E) of the equation becomes negligibly small, and the 
simpler formula 

. <J[IOH] _ [I'j dOBl a 
dt [OH]' 1 J ’ 

expresses the rate of change. ; 

In the experiments which follow, the initial concentration of 
iodine ions and hydroxyl ions was twenty times greater than that 
: . of. the hypoiodous acid, so that, despite the fact that hydroxyl ions 
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are used up and iodine ions formed during the reaction, the ratio 
[I'j/fOH'] remained practically constant. 

The method of procedure was as follows: Two hundred c.c. of a 
Nj 50-iodine solution (in potassium iodide) were rapidly mixed 
with an equal volume of 0‘4iY-sodium hydroxide solution, so that 
the concentration of the mixture was (in mols. per litre) 

O-OOolo + 0-2NaOH + 0-2KI. 

Successive quantities of this solution (20 c.c. each) were removed 
after the specified time; excess of phenol (3 c.c. of a 5 per cent, 
solution) was added to combine with the “ active iodine,” the mix¬ 
ture acidified with acetic acid, and the iodine thus liberated (from 
the iodate and iodide) was titrated with N j 10-thiosulphate. 

Two explanatory remarks are here needed: 

(i) The reaction between phenol and “active iodine” in the 
presence of excess of the former is very rapid. This may he seen 
by simply adding phenol to a freshly prepared solution of iodine 
in alkali; the yellowish-green colour of the latter immediately dis¬ 
appears. The speed of the reaction was also proved by allowing 
phenol to act for various lengths of time (from 0*5 to 20 minutes) 
on solutions of equal “active iodine” content; the amount of 
iodine used tip was the same, irrespective of the time allowed before 
acidifying.. 

(ii) It is essential that acetic acid or some other weak acid is 
employed for acidifying the mixture. If a strong mineral acid is 
used, then iodine is liberated from, the iodate and iodide present 
before the whole of the hydroxyl ions have been neutralised; hypo- 
iodous acid is consequently formed and acts on the phenol, causing 
an apparent increase in the amount of “active iodine.” This 
phenomenon was first described by Kekule, and its effect on the 
estimation of hypoiodous acid was later eliminated by saturating 
the solution with carbon dioxide before acidifying (Batey, Analyst, 
.1911,'38,132), If acetic .acid is used, the treatment with carbon 
dioxide becomes unnecessary ; this was proved by means of blank 
experiments on a mixture of sodium iodate and iodide in the 

'.presence of .'.phenol. . 

In the table below, the third column gives the amount of “active 
iodine” in terms of c.c. of Nj 100-iodine solution; h x , /c 2 , and k s 
are constants corresponding with reactions of the first, second, and 
third order respectively, that is, 
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Table show/ny the Velocity of Decomposition of the “ Active 
Iodine Compound” in Alkaline Solution. 


Time. 

C.c. of NJ 100- 
thiosulphate 
required. 

c=“ active 
iodine.” 

10 2 & x 

10 3 Jfc 2 

10 4 & 3 

0 

0 

19*5 

— 

— 

— 

1 min. 

20 

17*5 

4*20 

5*8 

3*15 

2 

3-7 

15*8 

4*43 

6*14 

3*65 

3 ,! 

50 

14*5 

3*73 

5*67 

3*S 

5 ,, 

7-4 

121 

4*43 

6-84 

5*35 

s „ 

10*1 

9*4 

3*66 

7*90 

7*5 

10 

11-3 

» 8*2 

2*96 

7*78 

8*9 

14 „ 

13-0 

0*5 

2*52 

7*96 

11*0 

IS „ 

14-1 

5*4 

2*01 

7*83 

13*4 

25 

15-2 

4*3 

1*41 

6*80 

14*1 

30 ’’ 

15-8 

3*7 

1*30 

7*53 

19*0 

40 „ 

16-5 

3*0 

0*91 

6*31 

19*1 

60 „ 

17*3 

2*2 

0*67 

6*01 

23*8 

00 „ 

18*7 

1*5 

0*53 

7*07 

39*7 



Mean 10 3 fc 2 = 

6*90 



The temperature of the solution remained approximately constant 
(10*3—10*7°) throughout the experiment. 

It will he seen from the foregoing table that whilst Xq and 
vary considerably, 7c 2 remains satisfactorily constant over a wide 
range of concentration, thus proving the decomposition of the 
tf active substance” to be a bimolecular reaction, just as is the 
case with hypoiodous acid ; the occurrence of a maximum in the 
value of the constant is also suggestive of the decomposition of 
hypoiodous acid, and, finally, k 2 as above determined can be shown, 
after applying the necessary corrections, to have the same value as 
the constant obtained by other authors for the rate of decomposi¬ 
tion of hypoiodous acid. 

Thus, Skrabal (Monatsh 1911, 32, 171), working at 20-2° with 
alkaline iodine—potassium iodide solutions of the same concentra¬ 
tion as employed above, obtained for the constant of the -rate of 
decomposition of hypoiodous acid (kU) the mean value 2*63 x 10 s . 
Two corrections are needed to make the constant found for the 
“ active substance” comparable with that obtained by Skrabal, 
namely, (i) a correction for the difference in the amount of solu¬ 
tion analysed, and (ii) a correction for the difference in the 
temperature. 

(i) From the equation 

k = C 1 ~ C * : 

* (h~h) c i c 2 

it is easily seen that k 2 is inversely proportional to the quantity of 
.' solution' analysed at a time. As this was 89*49 c.c. in Skrabal’s 

Q Q* 
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case, whilst the present author used only 19*5 c-c., the first eorrect- 

19*5 

ing factor for the- constant will be ggrjg- 

(ii) The temperature-coefficient of the constant was found by 
Skr&bai to be 2*1 (per 10°). Now, /c 2 was determined at 10'5° 
and h f 2 at 20*2°, a difference of 9*7°, hence the second correcting 

2*1 x 9*7 

factor for the constant is -. 

10 

Applying these two corrections, we obtain 


^corrected) “ 6*90 




» 3*06 x 103. 


The agreement between the two constants is good, bearing in 
mind that the “mean value” (that is, the arithmetical mean) of the 
constants made use of in the above calculations is only a rough 
approximation to their true value. 

Having thus proved that the iodine which combines with the 
phenol in alkaline solutions is present as hypoiodous acid, and 
having shown that there is strong evidence for assuming that the 
same compound is the active substance in iodine monochloride 
solutions, other methods used in the preparation of icdophencls 
may be examined. A close scrutiny will show that in most, if 
not all, the processes by which these compounds are obtained, hypo¬ 
iodous acid is an intermediate product. 

(1) “Iodine and Mercuric Oxide” Method .—The formation of 
hypoiodous acid from these two substances in the presence of water 
is a matter of common knowledge (Kone, Ann. Phys. Chem., 1845, 
[ii], 66, 300; Taylor, Chem. News, 1897, 76, 22). 

(2) “ Uypochlorous Add mid Potassium Iodide” Method .—The 
interaction between hypochlorous add and potassium iodide, result¬ 
ing in the formation of hypoiodous add, has been studied by 
Klimenko (Zeitsch. phydhal. Chem., 1897, 28, 552, 558) and con¬ 
firmed by Bray (ibid., 1906, 54, 563). We may therefor© sub¬ 
stitute for Bagener’s complicated formula the following: 

C 6 H 4 (OH) 2 +3IOH = C 6 HI 3 (OH) 2 + 3H 2 0. 

(3) “Iodine and Iodic Acid 9r Method .—The reaction 


5IOH ^ 2L>+HIO s + 2H 2 0 

is a reversible one, and the continuous removal of hypoiodous acid 
by the phenol causes it to proceed towards the left, 

(4) “Iodine and Sodium Phosphate" Method .—Iodine dissolves 
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ill a solution of disodium hydrogen phosphate, the simplest way of 
formulating the reaction being 

Na 2 HP0 4 + 1 2 + H 2 0 ^ NaH 2 PG 4 + Nal + IOH . . (i) 

The hypoiodous acid thus formed decomposes further, 

5 IOH III0 3 +2I 2 +H 2 0 ..... (ii) 

so that, finally, hypoiodous acid is in equilibrium on the one hand 
with iodine and sodium phosphate, and on the other with iodine 
and iodic acid. The following experiment confirms this view. 

A solution of iodine and disodium hydrogen phosphate in water 
was prepared and allowed to remain for a fortnight, so that equil¬ 
ibrium was attained; the solution was still of a red colour, show¬ 
ing that free iodine (or, more correctly, P 3 ) was present. To on© 
portion of this solution phenol was added, which combined with 
the “ active iodine” and decolorised the solution; the mixture was 
then immediately acidified, and the iodine liberated from the 
iodide and iodate present was titrated with Nf 100-thiosulphate. 
Another portion of the same solution, after adding phenol, was 
allowed to remain for twenty-four hours before acidifying and 
titrating as above. The amount of iodine used by the phenol was 
in both cases the same. This is exactly what is to be expected 
from the equations put forward above; the addition of phenol 
removes the hypoiodous acid present, thus disturbing both 
equilibria, but, since reaction (i) has a far greater velocity than 
reaction (ii), practically the whole of the free iodine combines with 
the sodium phosphate, leaving the iodate ion unaffected. 

The reaction between iodine and disodium hydrogen phosphate 
is formulated in a rather different way by Skrabal and Gruber 
(Manat sk., 1916, 37, 543), who give the equation 

3Xo-i 6HPO" 4 + 3H 2 0 = 5F + I0' 3 + 6H 2 P0' 4 , 

but it is obvious from the result of the above experiment that this 
equation does not represent the actual state of affairs; for, if it 
did, since the reaction is a balanced one, the removal of the free 
iodine by the phenol (supposing this to be possible without the 
intermediate formation of hypoiodous acid) would cause the reac¬ 
tion to proceed towards the left until no more iodate ion remained 
in solution. This, however, is not the case, for, as we have seen, 
the iodate remains unaffected by the removal of the “ active 
iodine.” \ 

(5) Nitrogen Iodide Method.—^\ivd.VLQ^ (loc. cit.) proved that 
this compound yielded hypoiodous acid on hydrolysis, and sug* 

Q Q* 2 
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gested that the iodination is due to the last-mentioned substance. 
Tie gave the following equations: 

ML, + 311,0 = NH ;j + 310 H, 

310II + 30,;H.--OH = 3C (! H 4 I-OH + 3H 2 0. 

(6) Passing on to the “dry"'’ reactions of Birnbaum and Schall, 
we see that even here the, formation of hypoiodous acid is not 
excluded. A very small quantity of moisture would be sufficient, 
since the water used up in the first part of the reaction is 
regenerated at the end. Thus in SchalFs method 


C u H 5 *ONa + L> + EUO = C 6 H 5 -OH + Nal + IOH, 

C g H,*OH + IOH = C„H 4 I*OH + ILO, 

and in Birnbaum"s 

QH*C G H 4 *C0 2 Ag +I 2 + H,0 = 0 H*C g H 4 *C0 2 H + Agl + IOH, 
0H-C y H 4 -C0 2 H + i6h = oh-c 6 h 3 i*co 2 h + H 2 0. 

This new way of formulating the reactions obviates the necessity 
of assuming any intramolecular change. It should be further noted 
that Kekule's criticism of Lautemann’s method applies also to the 
last-mentioned reaction; in all probability, the formation of iodo- 
salicylic acid does not take place on heating iodine with silver 
salicylate, but during the subsequent treatment, In any ease, the 
preliminary heating is quite superfluous; if to a suspension of 
silver salicylate in alcohol is added a solution of iodine (in alcohol), 
the colour of the latter disappears quickly at first, the reaction 
becoming slower as the ratio between silver salicylate and iodine 
added approaches unity. After removing excess of iodine by 
shaking with mercury and filtering, there is obtained, on evapor¬ 
ating the alcohol, a mixture of iodosalicylie acids. 

The theory that the formation of iodophenols is due to the 
action of hypoiodous acid is thus seen to explain the preparation 
of those compounds by many different methods. The real test for 
a useful theory, however, is its capability of predicting new pheno¬ 
mena and suggesting fresh lines of research. It will be seen that 
the above.,theory stands'this test.. 

(i) Bor instance, it is evident that on the above theory any 
method of obtaining hypoiodous acid could also be used for the 
preparation of iodophenols; thus, it can be predicted that iodo¬ 
phenols will be formed by the action of silver carbonate or sulphate 

"."■and.Iodine on,'phenols. 

(ii) The converse proposition, that any method of preparing 
iodophenols may be made to yield hypoiodous acid, is probably 
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also true. This has been shown to be the case in the iodine and 
sodium phosphate method of Bichard. 

(iii) A further successful line of research suggested by the pre¬ 
sent theory, namely, the estimation of hypoiodous acid, will be 
dealt with in a later paper. 

So far, the hypoiodous theory of iodination has been applied to 
phenolic compounds only, but many of the methods for the pre¬ 
paration of iodophenols, such as Kekule’s (iodine and iodic acid) 
and Weselsky’s (iodine and mercuric oxide), have been successfully 
used in introducing iodine atoms into other organic compounds. 
Again, the formation of iodoform from alcohol and from acetone 
has been proved to be due to hypoiodous acid (Daventer and vault 
Hoff, Bee. true, chirn., 18S8, 1, 35; Pieroni, Gazsetta, 1912, 42, 
i, 534). It will he seen from this that hypoiodous acid as an 
iodinatmg agent has a much wider range than that outlined above. 
Its formation might possibly explain the action of concentrated 
sulphuric and nitric acids, ferric chloride, etc., as iodine carriers 
(Neumann, AnnaJen, 1887, 241, 84;.Meyer and Schwalb, ibid., 
1885, 231, 195; Datta and Chatterjee, J. Amer. (them. Soe ., 1917, 
39, 441), 

Throughout this paper, the term “hypoiodous acid ” has been 
employed to denote the compound IOH, although, so far as its 
properties are concerned, “ iodine hydroxide ” would be a more 
suitable term. The latter name has been avoided, as it suggests 
the existence of positive iodine ions, which many chemists regard 
with suspicion. The work of Walden ( Zeitsch. phydkal. Cthem ., 
1903, 43, 385) on the conductivity of iodine in inorganic solvents, 
as well as other considerations (Abegg and Auerbach, “ Handbook 
d. anorg. Chem.,” IV, (ii), 455), lend, nevertheless, considerable 
support to the view that iodine cations do exist. If this be really 
the case, then the previous statement may be modified to: the form¬ 
ation of iodophenols, and that of hypoiodous acid, is brought about 
by the presence of positive iodine ions. 

The Analytical Laboratories, . 

Apothecaries’ Hall, 

Blackeriars, E.C.4. 


[Received, May 23rd, 1919.] 



1050 MAXTED J THE INFLUENCE OF HY3XBOGEN SULPHIDE 


XC.— The Influence of Hydrogen Sulphide on the 
Occlusion of Hydrogen by Palladium. 

By Edwabd Bradford Maxted. 

The activation of hydrogen by metallic catalysts is undoubtedly 
intimately connected with the phenomenon of occlusion; indeed, 
hydrogenation reactions which proceed in the presence, for instance, 
of palladium and free hydrogen, may also be effected by palladium, 
containing hydrogen in the occluded state. 

From this point of view the factors that determine the catalytic 
activity of various preparations of a given metal for hydrogenation 
reactions should include the occlusive power of the preparation for 
hydrogen, and it should follow, as a necessary sequence, that sub¬ 
stances which exert an inhibitive effect on catalytic activity will also 
inhibit the occlusive power. 

For the purpose of the present paper, hydrogen sulphide has been 
taken as a typical catalyst poison, palladium being chosen as the 
occluding material by reason of its high absorptive power for 
hydrogen. 

It may b© mentioned, with reference to the influence of other eata- 
lyticaliy poisonous substances on the occluding power of palladium 
for Hydrogen, that De Hemptinne ( Zeitsch . pkysikal. Chem., 1898, 
27, 249) noticed that palladium which had been treated with carbon 
monoxide lost its absorptive power for hydrogen, at any rate at low 
temperatures. Carbon monoxide was afterwards found by Paal and 
Hartmann (Ba\, 1910, 43, 243) to inhibit the activity of this metal 
for the catalytic reduction of sodium picrate. The latter authors, 
together with St-eyer (Paal and Hartmann, Her., 1918, 51, 711; Paal 
and Steyer, ibid., 1743), showed also that mercury acts similarly on 
palladium hydrosols. 

In the work about to be described the hydrogen-occluding power 
of oxygen-free palladium-black was measured before and after treat¬ 
ment with hydrogen sulphide, and, incidentally, data were obtained 
relating to the absorption of hydrogen sulphide by palladium and 
the stability of the absorption compound. 

Experimental. 

The apparatus employed consisted of a small glass absorption 
pipette containing a known weight of palladium-black and con¬ 
nected by means of capillary glass tubing to a Sprengel pump and 
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to a gas burette respectively. This gas burette, which contained 
mercury, was provided with a three-way cock for the introduction 
of gas. The various parts of the apparatus were joined by fusion, 
and all stopcocks were mercury-sealed. In order to prevent access 
of mercury vapour to the palladium, short plugs of aluminium turn¬ 
ings, preceded and followed by glass-wool, were inserted in the 
system on each side of the absorption pipette. 

The palladium was prepared in the apparatus itself by the reduc¬ 
tion of palladium chloride at 100° by means of electrolytic hydrogen, 
from which the last traces of oxygen had been removed by treatment 
with palladinised asbestos at 350°, followed by soda-lime. 

According to the measurements of Mond, Ramsay, and Shields 
(Proc. Hoy. Soc., 1897, [A], 62, 290), palladium-black occludes 
about 873 volumes of hydrogen at the ordinary temperature and 
pressure. The ease and rapidity with which this is given up varies 
somewhat with the nature of the palladium, but, in any case, the 
bulk is evolved in a vacuum at 100°. The greater part of the 
hydrogen occluded is taken up at once, but a slight additional 
absorption takes place on allowing the palladium to remain in 
hydrogen. 

In order to avoid the possibility of changing the nature, and 
especially the catalytic activity, of the palladium-black by over¬ 
heating, it was decided, in the present case, to regard 100° as the 
maximum temperature to which, the palladium should be subjected, 
this temperature being, as already stated, sufficiently high for the 
extraction by exhaustion of practically the whole of the occluded 
hydrogen. 

The first point to be studied was the constancy of the volume of 
hydrogen which could be removed by exhaustion at 100° or, alter¬ 
natively, occluded by exposing palladium, which had been dehydro¬ 
genated in this way, to the action of fresh hydrogen at the ordinary 
temperature. In order to ensure uniformity in the experimental 
conditions, the system was in every case exhausted to a standard 
pressure of 3 mm. at 100°, and exhaustion was continued as long as 
any appreciable quantity of gas was being evolved under these con¬ 
ditions, the hydrogen being collected over mercury in the usual way. 
Subsequently, a known volume of hydrogen was admitted to the 
absorption tube from the gas burette and the contraction read off, 
the volume of the absorption pipette, including its connexions, hav¬ 
ing been determined previously. 

Table I summarises the results of eight experiments carried out 
in this way. The measurements numbered 5 and 6, also those 
numbered 7 and 8,, were, made with, fresh quantities of palladium- : 
' black,' which in every case weighed 0‘6 gram, corresponding; with;: 
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1 gram of palladium chloride. The volume of gas evolved or 
occluded is in every case reduced to : normal temperature and pres- 


Table I. 

Yol. of hydrogen Vol. of hydrogen 

evolved on exhaustion, subsequently occluded. 
C.e. C.e. 

41-3 40-0 

40- 2 40-5 

41- 9 41-1 

41-4 — 

41-S 40-6 

41-9 — 

41-6 40o 

41-5 — 


The average volume of hydrogen evolved or occluded under the 
above conditions is thus about 41 e.c., corresponding with 68'5 c.e. 
per gram of palladium. 

Dry hydrogen sulphide, prepared by the action of heat on' a solu¬ 
tion of magnesium hydrosulphide, was now allowed to pass into the 
exhausted reaction tube in place of hydrogen and to remain in 
contact with the palladium, from which the occluded hydrogen had 
previously been removed by exhaustion at 100°. Occlusion of a 
certain amount of the gas took place at once, and was followed by a 
slower and continuous absorption of a secondary nature. It had 
previously been ascertained that hydrogen sulphide, provided it is 
dry and free from oxygen, does not attack either mercury or 
aluminium at a rate sufficient to influence the measurements. 

Table II summarises an absorption experiment with O’6 gram of 
palladium, ’ 


Table II. 


. Time. 

Vol. HjS 
absorbed. 

■ C.e. at 
N.T.P. 

....... ■ 0-2 

5 min .. 

7 .] 

10 .. 

..... 7.5 

3 hr. 20 min.. 

10*4 

18 hr.. 

..... V 12-2 :' 

40 ...... 

13*5 


By interrupting the absorption after a suitable time of contact, 
palladium containing various proportions of hydrogen sulphide could 
be' obtained.. , The hydrogen sulphide thus absorhed was not removed 
to any great extent by exhaustion at the ordinary temperature, this 
being especially the case when the hydrogen sulphide content of the 
pall&aium was comparatively low, and, on passing hydrogen into the 


No. of expt. 
1 

5 

4 

5 

0 , 

8 
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exhausted absorption pipette-, occlusion of this gas no longer took 
place. 

Under the conditions employed, it was not found possible, in view 
of the velocity of the primary occlusion of hydrogen sulphide by 
palladium, to prepare specimens of the metal containing less than 
about 13*5 c.c. of hydrogen sulphide per gram, corresponding with 
an absorption of about 8 c.c. for the 0*6 gram of palladium taken 
for each experiment, and the minimum volume of hydrogen sulphide 
required for the total inhibition of the hydrogen-occluding proper¬ 
ties of palladium could therefore not be determined. This figure is, 
however, certainly less than 14 c.c. per gram of palladium. 

On exhausting the palladium containing hydrogen sulphide at 
100° a volume of gas, approximately equal to that of the hydrogen 
sulphide contained in the preparation, was evolved, but was found 
on analysis to consist almost entirely of hydrogen, the sulphur of 
the absorbed gas being retained by the palladium. 

Table III records three results of this nature. 



Table 

III. 






Vol. of 




Vol. of 

gas 

subse¬ 

Analysis of 



gas 

quently 

total gas 


Occlusive 

evolved. 

evolved 

evolved 

Wt. of 

Vol. of power 

in a 

in a 

-■ A. . 

No. of Pel in 

HoS for 

vacuum 

vacuum 

H a . H 2 S. 

expt. grams. 

absorbed, hydrogen. 

at 15°. 

at, 100°. 

0.c. C.c. 

1 ' 0-6 

8-2 Nil. 

0*1 

8*2 

8*3 — 

2 0-6 

13*5 

1-1 

12*8 

13*7 0-2 

3 0-6 

17*7 

2*3 

16*4 

17*4 1*3 


An interesting observation was made with respect to the specific 
in fluence of the nature of the sulphur absorption compound on the 
occlusive power of the palladium for hydrogen, in that, whilst about 
8 c.c. of hydrogen sulphide are sufficient to inhibit completely the 
occlusive power for hydrogen of 0*6 gram of palladium, the equiva¬ 
lent quantity of sulphur, which remains behind after exhaustion at 
100°, is by no means sufficient to prevent completely the occlusion 
of hydrogen. 

In order to study quantitatively the influence of sulphur in the 
latter form, measurements were made of the volume of hydrogen 
which was capable of being absorbed or evolved by various speci¬ 
mens of palladium of known sulphur content, the hydrogen • portion', 
of the absorbed hydrogen sulphide having been previously extracted 
by exhaustion at 100°. 

The results obtained are tabulated below, the measurements of 
occlusive power having been carried, out under similar conditions to 
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the experiments recorded in table I. The sulphur content was deter¬ 
mined both by measuring the volume of hydrogen sulphide which 
had been absorbed, subtracting any small quantity evolved as such 
during the preliminary exhaustion at 100°, and also, as a check, after 
measuring its occlusive power, by dissolving the preparation in aqua 
regia and precipitating as barium sulphate. In order to obtain a 
preparation containing as high a proportion of sulphur as 0'0328 
gram to 0*54 gram of palladium, corresponding with an absorption 
of 23'0 c.c. of hydrogen sulphide, an absorption period of about 
three weeks was. necessary. 
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Table IV. 

Occlusive power for hydrogen. 


No. of 

Wt. of Pd. 

Wt. of 
sulphur 
content. 

Vol. absorbed. 

Vol. subse¬ 
quently 
evolved. 

expt. 

Gram. 

Gram. 

C.c. at N.T.P. 

C.c. at N.T.P. 

1 

0-6 

0-0117 

31-7 

31*6 

2 

0*6 

0-0117 

31-8 

32-4 

3 

0-6 

0-0117 

31*3 

31-0 

4 

0-6 

0-0117 

30-7 

— 

5 

0-6 

0-0242 

21-2 

21-6 

6 

0-54 

0-0328 

8-4 

8-2 

7 

0-54 

0-0328 

8-0 

7-9 

8 

0-54 

0-0328 

7-7 

7-9 
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On plotting the above results graphically, it will be seen that the 
mean occlusive power for hydrogen is approximately a linear func¬ 
tion of the sulphur content, and that each atom of sulphur renders 
almost exactly four palladium atoms incapable of occluding hydro¬ 
gen, the remainder of the palladium being capable of occluding 
normally. The accompanying curve, which shows this relation, 
refers to 1 gram of palladium. 

Whilst any discussion respecting the constitution of the compound 
f ormed by the decomposition of hydrogen sulphide by palladium does 
not fall within the scope of the present paper, it may be noted that 
the occlusive power of a preparation of this kind may be predicted 
by assuming a compound Pd 4 S to be formed, and ascribing to the 
residual palladium its normal power of absorption. There is, how¬ 
ever, insufficient evidence to justify the assumption of the actual 
formation of this or any compound, and it may be mentioned in this 
connexion that palladium foil was found to remain untarnished by 
pure dry hydrogen sulphide both at the ordinary temperature and 
at 100°. 

Charles Street, 

Walsall, Stapes. [ Received , July 10th, 1919.] 


XCL —The Critical Solution Temperature of a 
Ternary Mixture as a Criterion of Purity of 
Toluene, 

By Kennedy Joseph Previte Orton and David Charles Jones. 

The use of binary critical solution temperatures in the determin¬ 
ation of purify has become well known since Crismer (Bull, -Soc. 
chim. Belg 1895, 9, 145; 1896, 10, 312; 1904, 18, 1; 1906, 20, 
294) originally demonstrated the great delicacy of the critical solu¬ 
tion temperature of the alcohol-petroleum binary in detecting the 
presence of, and in estimating the amount of, water in the alcohol. 
As a means of distinguishing rapidly between various fats and 
oils and of testing the purity of liquid substances, the use of critical 
points has been considerably developed. The occurrence, however, 
of the critical points of binary mixtures in convenient ranges of 
temperature is relatively rare, and hence the applicability of the 
method is for practical purposes comparatively limited. 

7 This disadvantage largely disappears in a ternary mixture./. If 
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a ternary mixture is used, a far wider field of stable organic liquids 
is available as constituents; by adjusting the composition of the 
mixture of liquids chosen, the critical points can be brought into 
a convenient range of temperature. 

The objection which has been mainly urged against a ternary 
mixture for this purpose (Timmermans, Zeitsch, pki/sikal. Chem 
1907, 58, 129) is the great accuracy with which the constituents 
must be measured in making up the mixture, and, as a result, the 
definite use of a ternary mixture has received no application in the 
laboratory as a criterion of liquid purity. On the other hand, a 
considerable number of miscibility points of systems virtually 
ternary, or of a higher order, have been suggested as rough 
qualitative methods in industrial work (compare Salamon and 
Seaber, J. Soc. Chem. 2nd., 1915, 34, 461; Shrewsbury, Analyst, 
1909, 84, 348; 1914, 39, 529; Armani and Rodano, J. Soc. Chem. 
2nd,, 1912, 31, 912 (abstract); Tortelli and Fortini, Gazzetta, 1911, 
41, i, 173; Fryer and Weston, Analyst, 1918, 43, 3; Parke®, ibid., 
82). In a strictly binary mixture, commonly no fine adjustment 
of the proportions of the two constituents is necessary in order 
to find the temperature of the critical solution point. 

Industrial toluene, which has passed through a full process of 
purification by treatment with sulphuric• add and so forth, and 
careful rectification, may yet contain a certain proportion of" 
admixture, which may be taken to consist in the main of paraffin 
hydrocarbons of like boiling point (compare recent papers on allied 
subjects by various authors, J. Soc. Chem. 2nd.). The toluene 
distils completely within 0'5°, but its density is about 0*23 per cent, 
lower than that of pure toluene. 

In this investigation, we have had as an object the establishing 
by means of a change in the critical solution temperature (“ e.s.t.") 
of a ternary mixture a general criterion of the purity of toluene, 
and specifically to detect and to estimate petroleum in toluene. 

Toluene will give a ternary e.s.t. with many solutions, as, for 
example, certain aqueous alcohol, aqueous acetone, aqueous acetic 
acid, etc., the temperatures of critical solution of which lie in con¬ 
venient ranges when the proportion of water is rightly chosen. 
The best solution for this purpose will have the following character¬ 
istics: It must be stable under ordinary conditions, and its com¬ 
position accurately and conveniently determined; the two corn- 
ponente of the solution must be easily obtained pure; arid the 
critical-point phenomena imist. be distinct. 

Aqueous acetic acid and toluene form a ternary mixture which 
meets the conditions just laid down, the e.s.t. of which can by 
proper choice of the proportion of water be brought into the region 
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of 0—50°. Unlike formic acid, which with benzene gives a binary 
c.s.t. at 73*2° (Ewins, T., 1914, 105, 350), anhydrous acetic acid, 
propionic acid, and //-butyric acid are completely miscible with 
benzene and toluene at the ordinary temperature. 

Waddell (/. Physical Ghem., 1898, 2, 232) examined the ternary 
mixture benzene-acetic acid—water at 25° and 35°, which, as would 
be expected, very closely resembles the system toluene-acetic acid- 
water. Both are very similar to the system chloroform-acetic acid- 
water (Wright, Proc. Roy. Soc., 1891, 49, 174; 1892, 50, 375). 

In a ternary as in a biliary mixture, the sensitiveness of the 
critical points to impurity in one constituent of the mixture is 
determined by the relative solubility of the impurity and the one 
constituent in the other constituents of the mixture. Thus, the 
remarkable delicacy of Crismer’s method is to be attributed to the 
great difference of solubility of the water and alcohol in petroleum. 
Hence the effect of an impurity in the toluene is various, depending 
on the relative solubilities of the impurity and toluene in the acetic 
acid solution. Thus we find that the presence of benzene leads to 
a relatively small fall in the temperature, of xylene to a relatively 
small rise. The fall in temperature is approximately a linear func¬ 
tion of the concentration of benzene, and the rise of that of xylene. 
With a given aqueous acetic acid (water— 10‘ 1 per cent., m. p. 
2'77°), when the proportions of the two constituents are 0*6232 c.c. 
of aqueous acetic acid and 0*4958 c.c. of the other (see later), the 
critical solution temperatures are: 

Table I. 


c.s.t. 

Benzene . —3*3° 

Toluene .. 23*6° 

/w-Xylene .. 52*9° 

Bromobenzene .. 34-5° 

jj-Bromotoluene.................. 65*4° 


It will be noted that the melting point of benzene is a surer 
guide to the presence of toluene than the c.s.t. One per cent, of 
toluene depresses the melting point by 0*6°, but only raises the 
c.s.t. by 0*27°. The c.s.t. is comparable with the melting point in 
detecting the presence of xylene in benzene. In the absence of 
melting points, the critical solution temperatures are good guides 
to the presence of xylene in toluene, and vice versa. 

Other substances with a greater solubility in water than benzene 
have a still greater depressing effect on the c.s.t.; to the presence 
in toluene of such relatively soluble substances as i.soamyl and 
//.-butyl, alcohols, the c.s.t. becomes extremely sensitive,, /and 
greatly depressed by small quantities. The curves shown in Fig. 1 
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orton and jokes: the critical solution 


will sufficiently illustrate the effect of various substances which we 
have examined. 

The solubility of paraffin hydrocarbons in acetic acid and in 
water is very much less than that of toluene. The presence of 
petroleum raises, therefore, the c.s.t. of the systems toluene-acetic 


Fig. 1. 



Per Cent Toluene 

acid—water and benzene—acetic acid—water in a very marked way. 

If the toluene contains 1 per cent, of petroleum (b . p. 124 132°, 

octane), the c.s.t. (23*5°) is raised by 1*6°, Since the temperature 
of critical solution can be read with certainty to 0T° at the range 
of temperature used, such small proportions as one-sixteenth per 
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cent, of paraffin, can be detected in benzene, toluene, xylene, and 
the like, and the proportion estimated to the same degree of 
accuracy. For paraffin in benzene, the method is far more delicate 
than the melting point. The fact that the same aqueous acetic 
acid can be used in the three hydrocarbons named is an additional 
advantage. 

In the homologous series of paraffin hydrocarbons, the solubili¬ 
ties are very similar, but the progressive decrease of solubility as 
the series is ascended in the effect on the c.s.t. of the toluene-acetic 
acid-water system is obvious (table II). 

Table II. 

Elevation or 
depression of 
e.s.t. for 1 per 


Substance present cent, of 

as impurity in toluene. substance. 

Benzene ... — 027° 

Xylene .... 0-29° 

Cymene .. 0*90° 

Pentane . 0-90° 

Hydrocarbon fractions mainly b. p. 109-110° ... 1*4° 

(Octane) 124-132°... 1*6° 


If it be assumed that the complete substitution of octane for 
toluene is accompanied by a proportional rise in the c.s.t., the 
c.s.t. of pure octane with this particular aqueous acetic acid will 
be about 160°. Since increase in the concentration of the acetic 
acid solution used lowers the temperature of critical solution, it 
appears probable that some paraffin hydrocarbons would give binary 
critical solution temperatures with more concentrated—glacial— 
acetic acid. We have determined (approximately) the values of 
certain fractions.' 

Table III. 

c.s.t. 

Hexane. Acetic acid, in. p. 15*6° 1° 

Hexane. „ „ 15-0° 25° 

Hydrocarbons boiling at 205—225°^ f 59° 

„ „ 225-240° j- Acetic acid, m. p. 16*15° - 66-5° 

„ „ 240-264° J 181 *0° 

This similarity in solubility relation among the homologous fatty 
paraffins, which is the cause of this small difference in the values 
of the c.s.t., may be contrasted with the widely varying relations 
among the fatty acids. 

In Fig. 2 (in which we have followed Boozeboom, “ Heterogene 
Gleichgewicht,” Vol. III.), GCjC^G^O^ represents the critioal curve 
of the system toluene-acetic acid-water from the binary c.s.t. of 
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toluene-water, C (which we find to lie approximately at 250°, under 
pressure), through the 'ternary c.s.fc.’s on the isothermal hinodal 
curves; the base of the prism corresponds with, an isothermal just 
below 0°. Similarly, 0 , C f 1 C l . 2 C l ./J ! i G l n represents the corresponding 
critical curve for benzene. In the enlarged inset (X), K and E' 
represent the ternary c.s.t/s of the toluene and benzene systems, 
respectively, at the isothermal 23*5°, whilst K x and K' 2 represent 
the e.s.t.’s at —3*3°. 

Fio. 2. 



The percentage composition of the system at K Is : toluene, 39*34; 
acetic aeid> 54*52;. water,....6*14. - 

The : ...percentage..composition of, the system !at K\ is: benzene, 
39*72; acetic acid, 54*22; water, 6*06. : 

Waddell's values for the benzene system at 25° are: benzene, 
39*6; acetic add, 54*22; water, 7*6. 

If in a system the composition of which is represented by K the 
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toluene is gradually displaced by the same volume of benzene, the 
critical phenomenon exhibited by the system remains always dis¬ 
tinct up to the complete replacement of toluene, that is, EK^, a 
line parallel to the temperature axis, cannot b© detected as having 
left the region of the critical curve. The great similarity in the 
solubility relations of benzene and toluene would account for this 
behaviour. Moreover, the temperature of the (now) quaternary 
c.s.t. is linearly related to the increasing proportion of benzene in 
the system (inset 7, Fig. 2). Quite* analogous results were found 
to hold in the case of xylene, the critical curve being as much with¬ 
out that of toluene as that of benzene within,’ and also, as the 
diagram (7) shows, replacement of toluene by xylene causes a 
linear corresponding alteration in the c.s.t. 

On the other hand, the critical curves of aqueous acetic acid- 
petroleum and aqueous acetic acid-toluene, owing to the greater 
difference in solubility, lie very much further apart. It is prob¬ 
able that in cases of this kind, substitution of petroleum for toluene 
would lead the system away from the curve, but up to 17 per cent, 
of petroleum the critical phenomena remain very distinct, and the 
relation between the proportion of petroleum and the elevation of 
the c.s.t. is linear (Fig. 6). 

Relation between Melting Point of the Acetic Add and the 
c.s.t. with Toluene. 

The c.s.t. of the ternary system toluene-acetic acid-water rises 
proportionally to the increase in the quantity of water over a small 
range—3'5 per cent, and the elevation of the 
c.s.t. is almost linearly related to the depression 
of melting point of the acetic acid (Table IV, 
and Fig. 3.) 

Table IV. 

M.p. of 

aqueous Percentage 

acetic acid. of water. c.s.t. 

5*45° 8*2 -5*9° 

4*2° 9*0 9*8° 

2*77° 10*1 23*5° 

0*9° 11*7 41*9° 

(The percentage of water is obtained from 
Faueon’s numbers, Chim. Phy $., 1910, 

[viii], 19, 84). 

Similarly, the c.s.t. of the binary system 
alcohol-petroleum (Crisrner) and benzene- 
formic acid (Ewins) rises proportionally to Melting Points of 
the concentration of water added. Acetic Acid 
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In Fig. 2, let) C'.~ represent the critical point on the lowest binodal 
curve, A TW; on replacing acetic acid by water, keeping the pro¬ 
portion of toluene constant, the composition of the system follows 
the line CO" parallel to the acetic acid-water line, A W. GO 
the projection of the critical curve on the isothermal plane, repre¬ 
sents the whole series of critical compositions up to the binary c.s.t, 
of toluene and water. Hence, unless O f approximates to 0” in 
position (assuming GO’ to be a straight line), addition of water soon 
takes the system away from the region of the critical curve. The 
phenomenon of critical solution, then, will not appear when the 
temperature of miscibility is observed. It must be emphasised 
that in our experiments the distance travelled by the system as 
water replaces acetic acid, along GO" , is relatively very small. The 
system is still found sufficiently near to the critical curve for an 
obvious exhibition of the critical phenomena. 

Measurement of the Constituents .—In using the change in the 
c.s.t. of a ternary mixture produced by an impurity for the pur¬ 
pose of estimating the impurity, such as we are suggesting, accuracy 
of measurement of the quantity of the constituents is of the greatest 
importance (compare Timmermans, loc. cit.). Thus, as an illus¬ 
tration, the numbers given in the table of the temperature of the 
critical solution of the system toluene-acetic acid-water show the 
effect of an increase in the proportion of toluene (pure) of less 


lan 1 per cent. 


Table Y. 



Aqueous 

acetic acid. 

Toluene. 

Difference, 

c.s.t. 

Difference. 

0-6232 

0-6006 

0-0144 

24-05° 


0-6232 

0-4862 

0-0144 

22-4° 

1*65 


The difference 1*65° would correspond with the presence of 1 per 
cent, of petroleum. 

In the figure (2), the point represents the composition of the 
ternary c.s.t. of benzene-acetic acid—water. Any change in the 
proportion of any one constituent causes the composition of the 
system to move either into a region of heterogeneity within the 
binodal curve or of unsaturation and homogeneity without the 
curve. In systems such as benzene—acetic acid—water (or toluene- 
acetic acid-water), the solubility relations of which change slowly 
with alteration of temperature, a considerable temperature change 
would be required before the miscibility point of the new system 
is reached. In other words, the sensitiveness of the c.s.t. to slight 
variations in composition is a consequence of the great extension 
of the figure along the temperature axis. 

The very great importance of accuracy of proportions of the 
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constituents in a binary as well as in a ternary mixture is well 
illustrated by a perhaps extreme case which we have observed. 
Fig. 4 shows the effect of addition of toluene to two mixtures 
of ??-butyric acid and water, one containing 41 and the- other 
33 per cent, of the acid. These two mixtures both give 
the same miscibility temperature (— 3'7°) in the critical region, 
owing to the long, flat top of the solubility curve (Faucon, Roth¬ 
mund, Zeitsch. 'physilcal. Ghem 1908, 63, 57, and Timmermans). 
The solubility curve of the- system alcohol-petroleum has a similar 
form. 


If one regards the toluene as ail impurity in the binary system 
butyric acid-water, each curve (Fig. 4) may be taken to show the 
effect of increasing concentration of the- impurity on the binary c.s.t. 


If, however, it is desired to 
estimate by the elevation of 
the c.s.t the proportion of 
impurity, if will be seen that 
it is obviously essential that 
the proportions in which the 
constituents are taken shall be 
exactly known. If the propor¬ 
tion of ^.-butyric acid is 41 per 
cent., then the presence of 
1 per cent, of toluene causes a 
rise in the- c.s.t, of 21° (Fig. 4), 
whereas if the proportion of 
n~bufcyric acid is 33 per cent., 
1 per cent, of toluene gives a 
rise of 35°. 

Alternatively, let the con- 


Fig. 4. 



Critical Soluticn Temperature 


eentration of toluene be fixed 


at 1 per cent,, then a variation of the proportion of butyric acid 
from 41 to 33 per cent, will lead to a change in the c.s.t. of 15°. 
Yet in the absence of toluene both acid-water mixtures will have 


the same miscibility temperature. 

This example brings out very clearly the necessity of using exact 
proportions of the constituents when the binary c.s.t. is being 
used as a criterion of the degree of purity. Only when the liquid 
is finally purified are the exact proportions of less importance, since 
before that stage is reached the system is not binary, but of a 
higher order. Thus, in the use which is commonly made of the 
alcohol-petroleum binary to estimate the proportion of water in 
the alcohol, it is essential* even for small quantities of water, that 
certain definite proportions of petroleum and aqueous alcohol should 


be used. 
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It is obviously of first importance, if the method is to become of 
practical utility, that the proper degree of accuracy should be 
combined with rapidity and simplicity of manipulation. We find 
that a remarkably high degree of accuracy can be reached by using 
small, carefully constructed pipettes, one for the solution of fixed 
concentration and the other for the liquid the purity of which is 
to be tested. The manipulation and the method of estimating 
petroleum in toluene which we recommend have been tested in the 
analytical laboratory of a large chemical works, and have received 
a very favourable report as giving accurate and consistent results 
in the hands of the average manipulator. 


Experimental. 

Apparatus .—The accurate measurement of (1) the solution used, 
(2) the liquid the purity of which is to be tested, is the first con¬ 
sideration in . using this method. Weighing of liquids is a lengthy 
and difficult operation. We find that for small volumes the degree 
of accuracy which can be reached with properly constructed pipettes 
is quite remarkable. The diagram (Fig. 5) shows the form and the 
dimensions of the pipettes we have used. The essentials in the 
form and use of the pipettes are as follows: (1) The tip of the 
pipette is drawn into a fine capillary tube, so that the liquid may 
be held with certainty to the mark, whilst the time for delivery is 
about one minute for volumes 0'5——1 c.c. (2) The stem of the 
pipette should be of small diameter, since with wide tubes, (a) 
change in pressure of the finger causes a very appreciable variation 
in the height of the meniscus, an effect which is very marked with 
a pipette having an ordinary tip; (6) error in adjustment of the 
meniscus is magnified. (3) After drawing In a liquid and adjust¬ 
ing to the mark, the outside of the tip should be gently wiped with 
a siik duster, at the end of which operation the liquid fills the 
pipette from the mark to the end of the tip. (4) When the pipette 
has ceased delivering, the capillary tip (in contact with the glass) 
is emptied by a gentle blow. (5) Every care is taken to have a 
clean glass surface; finally, the pipette is washed out with distilled 
water and dried by a current of dust-free air. 

The following illustrations will emphasise the extremely small 
eiTor entailed in the use of these pipettes. A. “5 c.c '** pipette, 
terminating in a fine capillary tube, delivered its content of water 
in two minutes. At a definite temperature, it delivered in five 
successive trials 4*95979 c.c., 4*95986 c.c., 4*95995 c.c., 4*95966 c.c., 
4*96011 c.c.; the volumes are calculated from the weights of water 
delivered. It will be seen that the maximum variation between 
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any two readings is 0*00045 c.c., and the maximum variation from 
the arithmetic mean 0*00024 c.c., or O'005 per cent. 

A “ 2 c.c. ” pipette, which delivered its content of water in only 
ten seconds, lengthened, however, in delivery to one minute, gave 
the following weights of water in five successive experiments: 
2*0146, 2*0146, 2'0172, 2*0138, 2*0172 grams. Here the maximum 
variation reaches 0*0034 gram, and from the arithmetic mean is 
0*0017 gram, or 0*08 per cent. 

A very small pipette, of the same type, but smaller than those; 


we have generally used, deliver¬ 
ing its content of water very 
slowly—in about one minute— 
gave the following readings in 
four successive experiments: 
0*2524 c.c., 0-2524 c.c., 0*2525 
c.c., 0*2527 c.c. The maximum 
variation between any two read¬ 
ings is 0*0003 c.c., and from the 
arithmetic mean 0*0002 c.c., or 
0*1 per cent. 

We have used small pipettes 
of various content, but for the 
apparatus in which we have 
observed the c.s.t. of the toluene- 
aqueous acetic acid and similar 
systems, pipettes of from 0*4 to 
0*7 c.c. capacity are required. 
The aqueous acetic acid pipette 
delivered 0-6232 c.c., and the 
toluene pipette 0-4958 c.c. These 
fare the quantities of our aqueous 
acetic acid (see later) and pure 
toluene, which we found to ex¬ 
hibit the phenomena of critical 


Fig. 5. 



solution in the clearest and most obvious way. The maximum 
variation from the mean is 0‘0002 c.c., and hence in one pipette the 
maximum error may amount to 0*03 per cent., and in the other to 
0’04 per cent. An error of measurement of 0*001 c.c., that is, five 


times the actual maximum variation observed, produces a difference 
of 0*1° in the c.s.t. of toluene, and would correspond with an error 


of 0*0125 per cent, in the estimation of paraffin. 

'.."'"The experimental tube has the form and dimensions shown in 
the diagram (Fig. 5). The cap (A) is fastened on the tube (B) by 
a short piece of rubber tubing. This tube is attached to the 
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thermometer by rubber rings, and the whole combination is used 
as a stirrer of the bath. 

The thermometer is a standard instrument, preferably graduated 
in twentieths, but a graduation in tenths will suffice for most 
purposes. 

The bath is a glass beaker of 2 litres capacity filled with water 
and heated by a small gas burner of the Argand type. The flame 
is simply and effectively regulated by a screw clip compressing a 
rubber tubing; the adjustment is very delicate when the rubber 
and slip are made fast to the bench, and hence the temperature is 
raised with the deliberation necessary as the temperature of critical 
solution is attained. 

Determination of c.s.t .—At the ordinary temperature, the con¬ 
tents of the experimental tube are in two layers, the lower layer 
being mainly composed of aqueous acetic acid. As the tempera¬ 
ture rises, the mutual solubility of the two layers increases, and 
they intermingle more readily as their densities, viscosities, etc., 
approach the same value, the suspensions of one layer in the other 
taking place in smaller drops requiring longer to separate. Gradu¬ 
ally, striations appear through the body of the liquid, which is now 
distinctly opalescent. The temperature of the bath should now be 
rising at the approximate rate of 1° in five minutes. The striations 
become more and more delicate as the layers approach identity in 
every respect, and faint beginnings of blue fluorescence appear. 
This fluorescence deepens in tone, and when evident throughout 
the liquid, the striations being still clearly visible, the temperature 
of the bath must be raised more slowly, at the approximate rate 
of 0'1° per minute. Close observation will now show the disappear¬ 
ance of the striations and greatly increased fluorescence. This 
temperature is taken as the critical solution point. The clearness 
with which one can see the thermometer scale through the liquid is 
a good test (first mentioned by Rothmund, loc. cit.) for observation 
in these final stages. The reading can now be repeated by cooling 
the bath very slightly, say 0'2°, and again taking the critical solu¬ 
tion temperature. Readings may be repeated as often as desirable* 
with, the, same mixture. 

Materials .—The pure acetic acid was fractionated through an 
eight-bulb still-head. A considerable quantity was placed in a 
special double-stoppered bottle, and water added to bring it to the 
composition desired. We have used two solutions containing 
approximately 10T and 11-7 per cent. of...water, and melting 
approximately at 2"77° and 0*9° respectively. To obtain a correct 
.■^reading of the melting points of such dilute acetic acids is a very 
difficult matter (compare Faucon, loc. cit.). The temperature 
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cannot be determined within 0*02—0-03°. The acid melting at 
“ 2-77° gave a c.s.t. with pure toluene at 23*5°, and that melting 
at “ 0'9° ” a c.s.t. at 41-9°. A difference in melting point of 0'01° 
of the acetic acid leads to a difference of the c.s.t. with pure toluene 
of 0‘1°. 

Since pure toluene can be readily obtained in quantity, it is 
better to prepare an aqueous acetic acid approximately of the 
desired composition, and then to determine the c.s.t. with pure 
toluene, rather than deduce the c.s.t. of the system from the melt¬ 
ing point of the aqueous acetic acid. 

Pure Toluene .—A quantity of toluene which had been prepared 
in the usual way from recrystallised toluene-p-sulphonie acid was 
shaken with saturated sodium carbonate solution, washed with dis¬ 
tilled water twice, and dried over granulated calcium chloride 
(which does not, however, reduce the saturation point below 0° 
unless the liquid is simultaneously cooled). It was then frac¬ 
tionated through an eight-bulb still-head, and the large middle 
fraction refractionated. The “standard” toluene thus obtained 
has the characteristic that, on distillation, the first 10 e.e., the 
main fraction, and the last 10 e.c. yield the same c.s.t. with a 
given aqueous acetic acid. No change in the c.s.t. of the standard 
toluene could be observed after treatment with phosphoric oxide 
and refractionation. 

The toluene has DjI* 0-87417; Perkin (T., 1896, 69, 1241) gives 
D{|:« 0-87403. 

Benzene .—Che benzene was obtained by fractionating a speci¬ 
men (in. p. 5-4°) until the fractions (first, main, and final) gave 
a constant c.s.t. with the standard “acetic” acid melting at 
“0‘9° # " when quantities identical with those taken for toluene 
were used. The value of the c.s.t. is 14-3°. With acetic acid 
melting at “ 2*77° '* the c.s.t. is —3'3°. 

The Presence of Paraffin Hydrocarbons in Toluene. 

For the purpose of studying the effect of the presence of paraffin 
hydrocarbons in toluene, the paraffin was obtained from American 
petroleum. 

After shaking with sulphuric acid (95 per cent.) (which removes 
the olefinfs, Caiman and Yeoman, J. Soc. Chem. Ind., 1919, 38, 
57.; Thole, ibid., 39) until a fresh quantity of sulphuric acid 
remained uncoloured, the hydrocarbon was warmed and shaken 
with a mixture of nitric andsulphurie acids for many hours. 

After washing with aqueous alkali and then with water, and 
drying, with granular calcium chloride, it was distilled through an 
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eight-bulb still-head. After several fractionations, the two frac¬ 
tions, b. p. 109—110° and b. p. 124-—132°, were used for admixture 
with toluene. 

In determining the c.s.t. of the mixture, the pipette delivering 
O’6232 c.c. was used for the aqueous acetic acid, and the pipette 
delivering G’4958 c.c. for the mixture of toluene and petroleum. 
The results are summarised in the following table (VI) and 
graphically shown in Fig. 6. 


Table VI. 

A. Paraffin boiling at 124—132°. Aqueous acetic acid melting 
at “0’9° ” and containing about 11’7 per cent, of water (Fig. 6). 


Paraffin. 


Paraffin. 


Per cent. 

c.s.t. 

Per cent. 

c.s.t. 

0-0 

41-8° 

8-98 

56*05° 

1-054 

43*65° 

10-17 

57*6° 

1-31 

43-9° 

14-45 

64*2° 

2*08 

45-4° 

17-17 

68*5° 

3-926 

48-1° 



6-17 

51-4° 




S. Paraffin boiling at 109—110°. Aqueous acetic acid melting 
at <! 0’9° ” and containing about 11*7 per cent, of water (Fig. 6). 

Paraffin. 

Percent. c.s»t. 

2-317 45*1° 

4-09 47-5° 

9-28 54-85° 

14*54 62° 


O. Paraffin boiling at 124—132°. Aqueous acetic acicl melting 
at “ 2-77° ” and containing 10T per cent, of water. 


Paraffin. 

Per cent. 

e.s.t. 

Paraffin. 
Per cent. 

e.s.t. 

0 

23*5° 

6-17 

33*05° 

1-054 

25*2° 

8-98 

37*6° 

1-31 

25*5° 

10*17 

39*0° 

2-08 

26-8° 

17*17 

50*1° 

3*926 

29-7° 

. 



It is to be remarked that the presence of 1 per cent, of the 
paraffin boiling at 124—132° produces the same rise, 1*6°, in the 
c.s.t. whether aqueous acetic acid melting at “ 0’9°” or at “ 2*77°” 
is used. 
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Estimation of Petroleum in Industrial Toluene. 

Several specimens of industrial toluene were examined, including 
some which, had been purified to meet the Government standard, 
and boiled within 0'5°. Before determining the c.s.t., the toluene 
was shaken with small quantities of sulphuric acid (95 per cent.) 
until the acid no longer became coloured. It was then shaken with 
aqueous sodium hydroxide, washed with water, dried with calcium 
chloride, and fractionated through an eight-bulb still-head. 


Fig. 6. 



Critical Solution Temperatures 


(The “ Government ” toluene gave a c.s.t. of 44'5° with (t 0*9° ” 
acetic acid; a specimen of toluene of French official origin, a c.s.t. 
of 44'3°; and a specimen of toluene supplied by English dis¬ 
tilleries, a c.s.t. of 44*0°.) 

Three fractions were collected of the material which distilled 
within 0'5°, a small first fraction, a main fraction, and a small 
residue. The c.s.t.'s with aqueous acetic acid (m. p. “0*9°”) were 
respectively 44*35°, 44*4°, and, with the residue, 45*2°, whereas 
pure toluene gives a value of 41*8°. 

VOL. CXV. 
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Thus but little elimination of impurity is effected by the frac¬ 
tionation; the c.s.t. of the 15 c.c. residue is only 0-8° above the 
main fraction, which has a value 2*6° above that of pure toluene. 
The chemical treatment and the fractionation would remove all 
impurity save paraffin hydrocarbons of similar boiling points, which, 
as is well known, are commonly found in the usual sources of 
toluene. The presence of xylene as the cause of the high value 
of the c.s.t., beyond a trace, is, apart from aU else, completely ex¬ 
cluded, inasmuch as an elevation of 2*6° would require from 8 to 9 
per cent, of xylene (Fig. 2, Y). 

If paraffin of about the boiling point 124—132° is taken as the 
main impurity, then, from the data given in the foregoing, the 
toluene contains 1*6 per cent, (by weight) of paraffins. If paraffin 
of about the boiling point 109—110° is the impurity, the toluene 
contains 1*85 per cent. 

Some additional light is thrown on the problem by comparison 
of the densities, as the following results show. The specimen of 
industrial toluene, having a c.s.t. of 44*4°, has DJI* 0*8721. Pure 
toluene containing 1*6 per cent, of paraffin Boiling at 124—132° 
has the same c.s.t. and Dill 0*8718, whilst toluene containing 1-85 
per cent, of paraffin boiling at 109—110° has again the same c.s.t, 
but Dill 0-8710. 

It may be inferred that the toluene contains somewhat less than 
1-6 per cent, of paraffins, which distil over a range probably some¬ 
what above 124—132°. 

Direct estimation of the paraffin by Spielmann and Jones’s 
(/. See. Chem. hid., 1917, 36, 490) modification of Wilson and 
Roberts’s method does not apparently give a very accurate result 
with such a small proportion of paraffin. 

The paraffin was isolated in a similar way from a large volume 
of toluene distilling within 0*5°; it had D}«. 0*7312. The density 
of octane (b. p. 125-5°/760 mm.) is given as 0*7188 at 0°, and of 
nonane (b. p. 149*5°/760 mm.) as 0*733 at 0°. 

We think it may be fairly claimed that the critical solution 
temperatures of aqueous acetic acid with industrial benzene, 
toluene, or xylene which have been fully purified afford an accurate 
means of determining the content of paraffin hydrocarbons. 

W© intend to pursue the study of ternary mixtures, and especi¬ 
ally of the use of the critical solution temperatures of such mixtures 
as a criterion of purity of liquids. 

University College op North Wales, 

Bangor. {Received, July 22nd, 1919.] 
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XCIL-— Thiocyanocccetone and its ■ Derivatives and 
Isomerides. 

By Joseph Tcherniac. 

Thi ocyanoacetone, SCN'CHg’CO'CHg, was first obtained by the 
action of monochloroacetone on barium thiocyanate in alcoholic 
solution (Hellon and Tcherniac, Ber., 1883, 18, 349). Later it 
was found that the reaction takes place in the absence of alcohol 
when the crystallised barium salt is intimately mixed with mono- 
chloroacetone (Tcherniac, 2?er., 1892, 25, 2623). Further investi¬ 
gation has shown that an aqueous solution of any thiocyanate of 
the alkalis (except that of ammonia) or of the alkaline earths can 
be used with advantage. As an example, the preparation by 
means of the sodium salt may be described. 

To 32*5 grams (1 mol.) of monochloroacetone,* 191*4 c.c. (1*1 
mols.) of a 46*55 per cent, solution of sodium thiocyanate were 
added, and the mixture was stirred for ten hours. The tempera¬ 
ture rose about 25°, and a brown oil gradually separated. The 
whole product, oil and aqueous solution, was completely extracted 
with ether. The ethereal extract, which contained an appreciable 
quantity of dissolved thiocyanate, was shaken with successive 
quantities (10 c.c.) of water until the wash-water gave only a slight 
reaction with ferric chloride. The united washings, which con¬ 
tained some thiocyanoacetone, were reserved for addition to the 
following preparation before the ether extraction. 

The ether was distilled off from a water-bath at the lowest 
temperature possible. Fifty e.c. of distilled water were added to 
the residue, and the whole was heated in a water-bath to 40—-50° 
under 14 mm: pressure. The water distilled over, carrying with it 
some chloroacetoue and its impurities, together with a very small 
quantity of thiocyanoacetone (0*35 gram). 

The residue was dried in a vacuum over sulphuric acid, and 
analysis showed it to be nearly pur© thiocyanoacetone (108—109 
grams = 95 per cent, yield). 

Purification of Thiocyanoacetone. —-Thiocyanoacetone cannot be 
distilled without decomposition in the ordinary vacuum of the 
water-pump—about 14 nun. (Tcherniac, Ber., 1892, 25, 2625). It 
distils, however, Unaltered under a pressure of about 1 mm. A 
portion of the thiocyanoacetone prepared as above was placed in 
an Anschutz distillation flask with collar and sealed-on receiver. 

* Prepared by Fritseh’s method (Ber., 1893, 26, 597), using magnesia 
instead of marble, and carefully fractionated. It contained traces only of 
diebioroacetone. 
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Ground in tlx© neck of the receiver were a U-tube filled with 
calcium chloride and potassium hydroxide, and a Hittorf tube. 
The apparatus was exhausted by means of a mercury pump, the 
flask being heated in a water-bath. With purple light in the 
Hittorf tube, most of the oil, evaporating from the surface with¬ 
out visible boiling, passed over at 73-5—74-5°, and was collected 
separately. The distillate was a highly refracting, colourless oil 
having Di® 1T892. Analysis gave results showing close agreement 
with the formula C 4 H 5 ONS. 

On keeping, especially in the light, the oil gradually became 
yellow, and finally dark-coloured. 


Action of Hydrochloric Acid on Thiocyanoacetone . 

It has already been shown that dilute aqueous hydrochloric acid 
does not produce any great alteration, in thiocyanoacetone 
(Tcherniac, Ber., 1892, 25, 2618). 

When 5 per cent, of its weight of hydrogen chloride is led into 
thiocyanoacetone, kept cool, a crystalline magma is formed which 
liquefies on keeping. On extraction with ether, the thiocyano¬ 
acetone is recovered apparently unaltered. A quite different result 
is obtained when the substance is saturated with hydrogen chloride. 

Thiocyanoacetone (115 grams :1 mol.) was saturated with 
hydrogen chloride (70 grams), the whole being cooled with running 
water. After the resulting magma had completely liquefied, the 
syrup was dissolved in 500 c.c. of water, and the solution extracted 
with ether. The latter left on distillation 70 grams of a pale 
brown oil, which was distilled under 14 mm. pressure from a water- 
bath, and gave 40 grams of a colourless distillate passing over 
at 69°. 

In another preparation the solution was distilled in a current of 
steam instead of being extracted with ether, and gave half the 
weight of the thiocyanoacetone taken. 

The oil was washed with dilute sodium hydroxide solution, dried 
over calcium chloride, and distilled. By far the greater part 
passed over at 167—167‘5°/754-4 mm, 


Found: C = 35'99; H~3‘2; N = 10‘22; Cl=26*43. S = 24*38. 
C 4 H 4 NC1S requires 0 = 35*95; H=2'99y N = 10'48; 01=26*59; 
S=23*97 per cent. 

Apparently this substance is 2~chloro4-methylthiazole (I), a 
~~ ~ CH-S 

ecu . . ch cci 


ce- 

CBL-C 


N 
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iioisiologue of 2-chlorothiazole (II) (Schatzmann, A nnalen, 1891, 
261, 10), the boiling point of -which is 144—144-5°. 

%GMoro-4c-methylthiazole is a colourless oil boiling at 
167—167-5°/754-4 mm. and 69°/14 mm.; it has Dig 1*2992. It 
possesses a characteristic odour resembling that of pyridine, and 
slightly alkaline properties; thus, it dissolves in concentrated 
hydrochloric acid, but not in the dilute acid. It is comparatively 
stable; after boiling for twelve hours with a methyl-alcoholic solu¬ 
tion of sodium methoxide, only one-twentieth of its chlorine was 
removed, and the bulk of the oil remained unaltered. In this 
respect it differs from chlorothiazole, which is said to retain the 
chlorine very loosely. This is not an isolated fact. The chemical 
behaviour of the members of the thiazole group is often so radically 
different from that of their methylated homologues (see Schatz- 
mann, loc. cit.) that serious doubts must arise as to their analogy 
of structure. t 

It was found that of the 70 grams of hydrogen chloride absorbed 
by tile thiocyanoacetone, 14 grams had been consumed in the 
reaction 

C 4 H 5 ONS + HC1 = C 4 H 4 NC1S + h 2 g. 

The residue from the distillation of the ethereal extract, together 
with the aqueous solution from which the oil had been extracted, 
after neutralisation with sodium carbonate and further extraction 
with ether, yielded 25 grams of “ hydroxymethyl thiazole ” (after 
purification by crystallisation). 

The action of alcoholic hydrogen chloride on thiocyanoacetone 
will be described later. 


Thiocyanoacetone and Ammonia. 

The so-called hydroxymethylthiazole, which was obtained 
accidentally by Hantzsch and Weber (Ber., 1887, 20, 3127) in an 
attempt to prepare thiocyanoacetone, owed its formation to the 
circumstance that they had used sodium carbonate for salting out 
the thiocyanoacetone. As has been shown (Ber., 1892, 25, 2619), 
all alkaline substances possess the power of converting thiocyano¬ 
acetone into its isomeride. Aqueous ammonia produces exactly the 
same result. Hantzsch/s statement (Annale ny 18.88, 249, 7) that 
the chief product of the action of ammonia on thiocyanoacetone is 
aminom ethyl thiazole (thiocyanopropimine) is devoid of all found¬ 
ation, as may be seen from the following experiments. 

Thiocyanoacetone (115 grams :1 mol.) was dissolved in 1500 
grams of water, the solution cooled, and 50 c.e, of 20 per cent. 
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ammonia were added. Heat was evolved, and a yellow resiii 
separated. After forty hours, the solution was filtered, and to the 
filtrate 172 c.c. of 25 per cent, hydrochloric acid were added, much 
carbon dioxide being evolved. 

The acid solution was extracted with ether in the author’s auto¬ 
matic apparatus (this vol., p. 1090), and the ethereal extract 
evaporated in the water-bath. The brown, syrupy residue was 
heated in a vacuum on the water-bath, when some water possessing 
the pungent odour of thiocyanic acid distilled over. The distillate 
gave the thiocyanate reaction and gradually deposited a small 
quantity of radially grouped yellow needles, which became dark 
at about 150° and decomposed at about 200° (perthiocyanogen ?). 

The residue from the distillation (63-5 grams) was boiled for 
some time with ether under a reflux condenser. After repeated 
crystallisations, about 25 grains of pure " hydroxymethylthiazole ” 
were obtained from the solution, together with a, small quantity of 
the yellow substance above-mentioned. 

If any aminomethylthiazole had been formed, it must have 
remained in the hydrochloric acid solution which had been ex¬ 
tracted with ether. This solution was therefore rendered alkaline 
with sodium hydroxide and completely extracted in the apparatus. 
The ethereal extract left on distillation 1‘732 grams of a dark 
syrup only partly soluble in hydrochloric acid. The hydrochloric 
acid solution was filtered, warmed with animal charcoal to 50°, 
and again filtered. After several days, a black mud was deposited, 
which was filtered off. The filtrate was warmed with charcoal 
(0‘5 gram) and again filtered. To the filtrate, hydrochloric acid 
was added, together with platinic chloride in excess, and the whole 
left to remain overnight, when the yellow precipitate was collected. 
When dry, it weighed 1*040 grains, proved insoluble in water or 
alcohol, and melted at about 220°. (Found: Pt= 30*36. 
(C 4 H 8 N 2 8,HCl)oPtCl 4 requires Pt —30*34 per cent.) 

Assuming this to be pure double salt, it corresponds with 0*477 
gram of aminomethylthiazole from 115 grams of thiocyanoacetone. 
Moreover, as thiocyanate is formed In the reaction, there is no 
reason to think that even this minute quantity of the base owes 
its origin to anything more than the well-known action of 
ammonium thiocyanate on thiocyanoacetone (Norton and 
Tcheraiac, Ber., 1883, 16, 345). 

In view of the foregoing results, Hantzsch’s explanation (Joe. 
ct#,., p, 26; compare Beilstein, £f Handbuch cler ©rganischen 
Ohemie,” IT, 518) of the formation of aminomethylthiazole (thio- 
cyanopropimine), namely, that by the action of ammonium thio¬ 
cyanate on chloroacetone, thiocyanoacetone is first formed, and is 
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then converted by combination with free (!) ammonia into amino- 
methylthiazole, must be regarded as invalid. 


The 1 some-rides of Thiocyanoacetone: Hydroxymethylthi-azole , 
or a-Methylrhodim. 

For reasons to be stated later, the so-called hydroxymethyl- 
thiazole will henceforth be known as a-methylrhodim. 

The author has shown ( Ber., 1892, 25, 3648) how a-methylrhodim 
is best prepared from thiocyanoacetone. The same method may be 
used for its preparation direct from chloroacetone. 

To 92*5 grams of monochloroacetone, 1500 grams of water, 125 
grams of potassium thiocyanate (or the equivalent amount of the 
sodium salt), and 30 grams of sodium hydrogen carbonate are 
added. The mixture is shaken from time to time and allowed to 
remain for ten days. A brown resin is gradually deposited, and 
the aqueous solution is filtered off and warmed to 45°. Twenty 
grams of animal charcoal are then added, and the mixture is left 
to remain for two hours and shaken from time to time. It is then 
filtered, and the filtrate extracted with ether in the apparatus. 
On an average, there accumulated in the flask containing the ether 
33 grams of white needles, which, after being washed with ether, 
melted at 102—-10,3°. From the ethereal solution, a further 14 
grams were obtained, making in all 47 grams, that is, approxim¬ 
ately 41 per cent, of the theoretical yield. 

Instead of extracting with ether, a tedious operation in the 
absence of an automatically working apparatus, the aqueous solu¬ 
tion can be evaporated in a vacuum from a water-bath, care being 
taken to keep the temperature of the bath below 60° until there 
remain about five parts of water for one of a-methylrhodim. On 
cooling, 75—80 per cent, of the substance will crystallise out, and 
the mother liquor may be further concentrated. 

When less water or sodium hydrogen carbonate is used in the 
preparation, the yield is smaller. 

Impure a-methylrhodim is best purified by recrystallisation from 
five times its weight of water at 55—60°. Thus, 41 grams of the 
crude product were dissolved in 205 grams of water, the solution 
being shaken with charcoal and filtered warm. The first crop 
yielded 32 grains of needles melting at 102—103°. 

By utilising the mode of formation from ammonium thio- 
carbamate (observed by Marehesini, Gaszetta, 1893, 23, il, 442), 
the preparation of a-methylrhodim can be much more satisfactorily 
accomplished than by the;-above, method.: The way there followed, 
namely, heating in an alcoholic solution, is unsuitable as a method 



1070 


TOHERKEAO : TBJOOYANOACETONE AND ITS 


of preparation. It required thorough modification to obtain from 
it a simple and practical method. 

Ammonium thiocarbamate, ]STH 2 ‘CO*S*NH 4 , is easily obtained 
pure by leading carbonyl sulphide into alcoholic ammonia cooled 
with ice. The gas is readily absorbed, and a white, crystalline 
powder is soon deposited, which is rapidly collected, washed with 
alcohol, and dried in a vacuum over sulphuric acid. Two hundred 
and fifty c.c. of 4*14 per cent, alcoholic ammonia yielded 18*82 
grams of the dry salt. 

The thiocarbamate (14*3 grams:about 0*15 mol.) was dissolved 
in a little water, ice added, and 12 c.c. of monochloroacetone (13*95 
grams = 0*15 mol.) were mixed with the solution, and the flask was 
imbedded in ice. Soon a violent reaction took place, when the 
chloroaceione dissolved, the ice melting within the flask. The 
slightly yellow liquid was filtered, and the filtrate (74 grams) left 
to remain overnight. It set to a paste of yellowish needles (12*85 
grams, dry) melting at 101—102°. From the filtrate 3*2 grams 
were obtained, the total of more than 16 grams representing a yield 
of 93 per cent. The product was easily purified by one crystal¬ 
lisation from water. 

This result, compared with the complications attending the pre¬ 
paration from, thioeyanoacetone, renders highly improbable the 
intermediate phase 

* ch 3 *co-ch 2 -scn+h 2 o=ch 3 -co-ch,*s*co*nh 2 , 

suggested by Hantzsch and Weber (Be*., 1887, 20, 3128) as part 
of the mechanism of the isomerisation. 

a-MethyIrh odim and Methyl Sulphate : Dimeihylrhodim. 

a-Methylrhodim (115 grams :1 mol.) was dissolved in 500 c.c. of 
2iF-sodium hydroxide, and 95 c.c. of methyl sulphate (1 mol.) were 
gradually added, cooling with water. The solution was extracted 
with ether in the apparatus. The ether left 122*6 grams of a 
yellow oil, which solidified on cooling. When dissolved in its own 
volume of water, it showed a lower critical solution temperature. 
The slightest warmth, even that of the hand, induced separation 
into two layers, which mixed again on cooling. The solution was 
shaken with 10 grams of charcoal, filtered, the turbid filtrate con¬ 
centrated in a vacuum at 35°, when it became clear again, and the 
concentration continued until the solution in the distillation flask 
weighed 145 grams. (A small quantity of oil distilled over with 
the water.) To the cold solution a tiny crystal from a previous 
preparation was added, and the whole left over sulphuric acid in 
a vacuum. Large crystals were gradually formed and removed 
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from time to time. In all, 65 grams were collected and recrystal¬ 
lised from a small quantity of "water. 

In another preparation, the crude product remaining after the 
distillation of the ether was drained on the vacuum pump from the 
oil which it contained, and was then washed with ether. 

A quantity of crude product (20 grams) which had been kept 
for two years and had become brown and viscid was purified in the 
following manner. It was dissolved in water with the addition 
of 20 c.c. of jV-sodium hydroxide and extracted with ether. The 
extract was almost colourless, and the aqueous solution yellowish- 
brown. The ether was evaporated, and left 17 "322 grams of oil 
which soon solidified, the temperature rising to 46°. The sub¬ 
stance was dissolved in its own weight of water at 25°, and when 
the solution assumed the ordinary temperature (17°), a fragment 
of a crystal was added. Overnight, large crystals separated (10"359 
grams, m. p. 48—49°), and from the mother liquor a further crop 
was obtained (5‘4 grams). 

The original yellowish-brown solution which had been extracted 
with ether was acidified with hydrochloric acid and again extracted. 
The ether left 1*442 grams'.of a yellowish-brown oil which did not 
crystallise. 

It appears from the foregoing that it will simplify the purifica¬ 
tion to -add sodium hydroxide to the aqueous solution containing 
the product of the interaction of the sodium salt of a-methylrhodim 
and methyl sulphate before extracting with ether. 

The substance after repeated crystallisations reached a maximum 
melting point, and was then analysed. 


Found: C = 46*22; H = 5-81; N = 10*52; S=25‘20. 

C 5 H 7 GNS requires 0 = 46-51; H = 5*43; N = 10-85; S = 24'80 per 
cent. 


The substance is therefore dimethylrhodim, 
CH 3 -C 4 H 4 ONS. 

It is very readily soluble in water or ether, and 
crystallises from the former in large, transparent 
prisms or plates melting at 49—50°. 

The strong tendency of this substance to form 
large, well-defined crystals created a desire for the 
determination of its crystallographic characteristics. 

This work has been kindly undertaken for me by 
Mr. G. M. Bennett, to whom I tender my warmest 
thanks. His report is as follows : 

“ Crystallographic examination of dimethylrhodim. 
Crystal system: monoclinic; holohedral class. Habit: 
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prismatic, with elongation parallel to the c-axis. Axial angle = 98°11\ 
Axial ratios : a:b:c*= 2-580:1:1*874. Forms observed: (100), (110), 
(001), (101). There is a well-marked cleavage in the plane (100). 
“The following are the regular measurements: 


100-110 

Observed. 

68°37' 

Calculated. 

110-110 

42 51 

42°46' 

100-001 

81 49 

— 

001-101 

38 40 

38 43 

100-101 

59 28 

— 

001-110 

86 58 

87 1 

101-110 

79 11 

79 20 


“ The faces of the crystals were rather dull through abrasion, par¬ 
ticularly the small ones, so that some of the values are a little 
uncertain.” 

Hydrolysis of Dimethylrhodhn. 

The substance (2*58 grains) was heated with 10 c.c. of hydro¬ 
chloric acid (D 1 T9) for two hours at 140° in a sealed tube. There 
was considerable pressure on opening the tube, and the escaping 
gas had an odour of hydrogen sulphide and mercaptan. The con¬ 
tents of the tub© were washed out with water and distilled, when 
some oil, apparently chloromethylthiazole, passed over with the 
water. The residual liquid was rendered alkaline and distilled 
into hydrochloric acid so long as the evolved vapours gave an 
alkaline reaction. 

Part of the hydrochloride was obtained as such. After crystal¬ 
lisation, it gave Cl = 52-26, whilst CH 3 *NH 2 ,HC1 requires Cl = 52‘29 
per cent. The remainder was converted into the platinichloride, 
which contained Pt = 4M2, whilst (CH 3 -NH 2 ,HCl) a PtCl 4 requires 
Pt = 4T32 per cent. 

No other base than methylamine was observed, and the total 
amount represented more than 90 per cent, of the theoretical. 

It appears, therefore, that the methyl group introduced into the 
molecule of a-methylrhodim is attached to the nitrogen atom. 

An attempt to prepare an O-ether from a-methylrhodim by the 
action of methyl iodide on the silver salt was unsuccessful. The 
alkaline solution is, indeed, precipitated by silver nitrate, but the 
precipitate consists chiefly of silver sulphide, part of the substance 
■being'destroyed.,.".' ■ ...' 

a-Methylrhodim and Phosphorus Pentachloride. 

a-Methylrhodim, which can be crystallised from warm phosphoryl 
chloride without any alteration, was dissolved in that solvent, a 
little more than the equivalent quantity (1 mol.) of phosphorus 
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pentachloiide added, and the mixture heated to 50°. Hydrogen 
chloride was evolved, and a product was formed which was purified 
by repeated crystallisation from benzene. 

Found: S=21'74. 

C 4 H 4 ONCIS requires S = 21*40 per cent. 

The chloride consists of pale brown, radially grouped aeicular 
crystals melting and decomposing at 144°. It dissolves in dilute 
sodium hydroxide solution with a slight evolution of heat and the 
loss of the whole of its chlorine. On saturating the alkaline solu¬ 
tion with carbon dioxide, a fine mud is deposited, which shrinks 
on drying to brown, brittle nodules (about 70 per cent, of the 
weight of the chloride) not melting at 220 °. 

The constitution of this product will be considered later. 


T hi oct/an oace tone and Alcoholic Hydrogen Chloride: 
j8-M ethylrhodim. 

Hydrogen chloride (75 grams) was led into a mixture of thio- 
cyanoacetone (115 grams :1 mol.), alcohol (115 grams), and water 
(18 grams). On the following day, the mixture was placed in a 
vacuum over sulphuric acid and sodium hydroxide, and allowed to 
remain for several days. The brown residue (162 grams), contain¬ 
ing a few crystals, was removed with water and extracted in the 
automatic apparatus. After some time, crystals began to appear 
both in the flask of boiling ether and in that of the aqueous solu¬ 
tion. The extraction was continued for eight days until the 
crystals in the latter had disappeared. By that time, an abund¬ 
ance of crystals had accumulated in the ether flask, along with 
some brown oil. The latter was decanted with the ether, and the 
crystals were washed with ether and alcohol. The crystals 
(38 grams, dry) were dissolved under a reflux condenser in 760 
grams of boiling water, charcoal was added, and the solution 
filtered hot. On cooling, white crystals, were gradually deposited 
(33 grams).* 

The same substance was formed when o-methylrhodiin w r as left to 
remain for a long time in contact with concentrated hydrochloric 
acid, preferably in the presence of alcohol, A mixture of 11'5 
grams of a-methylrhodim, 50 grams of hydrochloric acid (D 1 • 19 >, 
and 25 c.c. of alcohol yielded more than 3 grams of the substance. 

Found: 0 = 41*41; H = 4*54; N = ll*93; S = 28*ll. 

C 4 H 5 ONS requires 0=41*74; H=4*35; N = 12-17; 8 = 27*83 per 
. : cent. 

* From the mother liqitors chloromethyltliiazole (18 grams) and a-mefeyl- 
rhadim {25 grams after purification) were obtained.. 

R R* 2' 
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Tile substance, another isomeride of thiocyanoacetone, is named 
jS-me tliyl rhodim. 

jS-iLf ethylrhodim is deposited from hot water as a white, crystal¬ 
line powder * from alcohol by slow crystallisation in stout, colourless, 
quadratic plates melting at 183—184°. It dissolves in about 20 
parts of boiling water and in about 475 parts at 15°. It is fairly 
readily soluble in boiling alcohol, less so in cold, and sparingly so 
in ether. 'When submitted to prolonged extraction in the 
apparatus with a relatively small quantity of ether, it accumulates 
in the boiling solvent and separates gradually in fine, colourless, 
transparent plates. 

It is readily soluble in alkalis, and is precipitated therefrom by 
acetic acid. 


0-Methylrhodim and Hydrochloric Acid, 

jS-Methylrhodim (3*45 grams) was heated with 30 c.c. of hydro¬ 
chloric acid (D 1*19) for two hours at 100° in a sealed tube. There 
was no pressure on opening the tube, and the yellow solution yielded 
3 grams of a-methylrhodim, together with a minute quantity (0*045 
gram) of white crystals, which separated from the ethereal extract. 
They shrank, became brown at 250°, and did not melt at 265°. 
Whilst, therefore, jS-methylrhodim is formed from a-rhodim under 
the influence of cold hydrochloric acid, the inverse conversion takes 
place almost completely at a higher temperature. 

Thiocyanoacetone and Sodium Hydrogen Sulphite: 
isoMethylrhodim. 

After prolonged heating of thiocyanoacetone on the water-bath, 
it was found to contain a crystalline substance, different from the 
then known derivatives. The same substance was obtained by the 
action of alkali hydrogen sulphites on thiocyanoacetone, and, after 
many attempts, a method was perfected which allowed it to be 
prepared with certainty and in a state of purity. 

The action of free sulphur dioxide may be described first. 

A solution of thiocyanoacetone (11*5 grains) in 150 grains of 
water absorbed 37 grams of sulphur dioxide, of which 26 grams 
were lost when the solution was left in a vacuum at the ordinary 
temperature. The solution , was then extracted with ether, and 
yielded only 0*45 gram of a yellow oil. The extracted solution was 
concentrated to 20 c.c. in a vacuum on a water-bath at 40°. The 
residue, which still had the odour of sulphur dioxide, was again 
treated with ether, and yielded 8*24 grams of fairly pure thiocyano- 
acetone. 
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It would appea.r, therefore, that a sulphonic acid possessing a 
certain degree of stability is formed. 

Quite different is the behaviour of thiocyanoacetone towards 
alkali hydrogen sulphites when they contain no free sulphur 
dioxide. 

Thiocyanoacetone (230 grams:2 mols.) was added to a mixture 
of 2150 c.c. of water and 360 c.c. of a 27*8 per cent, solution of 
sodium hydrogen sulphite, which was neutral towards methyl- 
orange. The temperature rose 11°. The solution was shaken with 
charcoal and filtered rapidly through a folded filter. After two 
days there was an abundant crystallisation. The crystals were 
collected (72 grams, dry) and recrystallised (66'5 grams, dry) from 
1450 grams of boiling alcohol. 

Found: 0 = 41-70; H=4*29; N = 12*05; 8=27*66. 

C 4 H 5 ONS requires 0 = 41*74; H = 4-35; N = 12T7; S = 27*S3 per 
cent. 

The substance has therefore the composition of thiocyanoacetone, 
and is a third isomeride of that compound; it will be named 
Aomethylrhodim. 

isoilfe thylrhodim is remarkable for its great power of crystallisa¬ 
tion and sparing solubility in cold water or alcohol. It requires 
16 parts of boiling and 400 parts of cold alcohol. It crystallises 
from alcohol in white, long, brilliant, interwoven needles melting 
at 127—128°. 

It dissolves slowly in dilute sodium hydroxide solution, hut with 
decomposition. When the orange-coloured solution is treated with 
carbon dioxide, it evolves hydrogen sulphide and deposits after a 
time a sparingly soluble salt (sodium cyanuratel). 

The sodium hydrogen sulphite used for the preparation of 
/somethylrhodim does not act solely as a catalyst. Part of the 
aqueous mother liquor from which the fmmeth.ylrh.odim had been 
separated, and containing a trace only of sulphuric acid, was* dis¬ 
tilled with hydrochloric acid, and the distillate collected in a 
receiver containing water and sodium hydrogen carbonate. A por¬ 
tion of the distillate was oxidised with bromine, and the sulphuric 
* acid produced was estimated gravimetrically. The result revealed 
the consumption of 56*13 grams of sodium hydrogen sulphite, a 
little more than one molecule for four molecules of thiocyano- 
acetone. 

Preparation of hoMethylrhodim from Gkloroacetone. 

Monochloroaceton© (92*5 grains: 1 mol.) was stirred for two and 
a-half hours with 190 c.c. of a 47 per cent, solution of sodium 
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thiocyanate, cooling with water, when sodium chloride began to 
be deposited. A solution of 60 grams of crystallised potassium 
hydrogen sulphite in 300 c.c. of water was added, when nearly all 
dissolved, and the stirring was continued for half an hour. After 
two days, the yellow needles (44'27 grams, dry, m. p. 124—125°), 
containing some oil, were separated and recrystallised twice from 
700 and 500 grams*, respectively, of boiling alcohol, yielding, 
finally, 34-285 grams of white needles melting at 127—128°. 

When sodium hydrogen sulphite solution was used instead of the 
crystallised potassium salt, the yield was much lower. 

The various quantities of oil obtained in the different prepara¬ 
tions were found to consist chiefly of thiocyanoacetone. 

iso Methylrhodim and Hydrochloric Acid: Dithiazylamine. 

Concentrated hydrochloric acid acts slowly on fsomethylrhodim at 
the ordinary temperature, hut rapidly on heating. fsoMethylrhodim 
(23 grams) was boiled with 200 c.c. of concentrated hydrochloric acid 
and 66 c.c. of water under reflux for twenty minutes, when some 
hydrogen chloride was evolved. About half the liquid was then 
distilled oft, a yellow oil passing over with the distillate. From the 
latter, ether extracted 1'5 grams of oil. 

To the orange residue in the distillation flask, 300 grams of water 
were added, the whole was boiled for some time, filtered from a 
yellow resin, the solution treated with charcoal, and filtered hot. 
On cooling, faint yellow, efflorescent needles were deposited (10*2 
grams, anhydrous), which were dissolved in 115 c.c. of boiling 
8 per cent, hydrochloric acid, the solution being shaken with char¬ 
coal and filtered hot. On cooling, long, yellow, prismatic needles 
separated, which were collected and washed with the sain© dilute 
acid. After being pressed between filter paper, they weighed 13*1 
grams; they contained water of crystallisation, as well as some 
hygroscopic moisture. In a vacuum over sulphuric acid and sodium 
hydroxide, they effloresced to a powder and lost about 27 per cent, 
of their original weight. For analysis, some'of the substance was 
recrystallised'as above. ' 

Found; 0 = 39*09; H = 4*53; N = 16*69; Cl = 14*57; S = 26*09, 
C 8 H 9 N 3 S 2) HC1 requires 0-38*79; H = 4*04; N = 16*97; 01 = 14-34; 

8 = 25*86 per cent. 

Found: H 2 0 = 27*00. 

CgHeNgS^HCljSH^O requires H s O = 26*67 per cent. .. . . 

The substance is a hydrochloride, the acid of which can be 
estimated by titration. 

The compound crystallises in pale yellow needles which easily 
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lose their water of crystallisation, crumbling to a fine, yellow 
powder which does not inelt at 250°, but appears to sublime and 

decompose. 

One part of the anhydrous salt is soluble in 46’ 25 parts of water 
at 26° and in 3—4 parts of hot water. The hydrate is fairly 
soluble in concentrated and sparingly so in dilute hydrochloric acid. 
The latter is a very convenient solvent for its purification; thus, one 
part of the hydrate (equal to 0‘733 part of the anhydrous salt) dis¬ 
solves in about 9 parts of hot 10 per cent, hydrochloric acid, whilst 
it requires more than 130 parts of the cold acid of the same 
strength. It separates from alcohol as a yellow, crystalline powder. 


The Seise } 

The aqueous solution of the hydrochloride is precipitated by 
alkali hydroxides, when these are not in excess, or by alkali 
carbonates. 

The hydrochloride (57 grams) was dissolved in 2600 grams of 
water, the slightly turbid solution filtered, 115 c.c. of 2iV T -sodium 
hydroxide were added to the filtrate, and the white, voluminous, 
caseous precipitate was collected (48 grams, dry, instead of the 
theoretical 48*6 grams, m. p. 148—150°). 

The .48 grams were recrystallised from 340 grams of hot alcohol. 
On cooling, yellowish, asbestos-like needles were deposited (38-4 
grams, dry, m. p. 150—151°). The mother liquor yielded a further 
quantity (8-8 grams). - 

For analysis, the substance was twice recrystallised from a mix¬ 
ture of benzene and light petroleum. 

Found: 0 = 45-37; H = 4*57; N = 19*69, 19*74. 

C s H 9 N 3 S 2 requires C = 45*49; H = 4*27; N = 19*90 per cent. 

The base crystallises from the above solvent in almost white, 
spherical clusters of needles; from alcohol, in felt-like aggregates 
of long, silky needles melting at 153—154°. It dissolves in about 
5 parts'of hot and 37 parts of cold alcohol. It is insoluble in water 
or alkali carbonates, but soluble in alkali hydroxides. 


Determination of Molecular Weight by the Cryoscopic Method. 


Weight of 
solute. 
Gram. 

Weight of 

of solvent. Nature 

Grams. of solvent. 

■■ A. 

M.W. 

0*1077 

12-945 Benzene 

0*13° 

313*6 

0-1659 

4* „ 

0*20 

313*8 

0*1107 

19*630 Nitrobenzene 

0*105 

351*6 

0* 1-674 

;■ 

0*172 

357*5 


C r H 9 N a &; requires. M-W. = 211, 

Average 

334*0 
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Determination of Molecular Weight by the Ebullioscapic Method. 
01939 Gram of substance in alcohol. Constant for 100 c.c. = 15*6. 


Rise in 

Grams 


temperature. 

ini 100 c.c. 

M.W. 

0-110° 

2-938 

416-7 (?) 

0-137 

2-620 

298-3 

0-120 

2-365 

307-4 

0-107 

2-154 

314-0 


Average 

334-0 


The average happens to be the same by both methods, but the 
individual results are too divergent to make the average appear 
conclusive; it corresponds approximately with 1-5 times the simple 
formula CgHglSlgS^. Since this formula cannot be multiplied by 
15, the only recourse is to double it, unless, indeed, we admit 
molecular aggregation in solution, a phenomenon which does not 
appear uncommon in the case of complicated compounds. 

A determination by Zerewitinovl method (Ber., 1907, 40, 2023; 
1908, 41, 2233) of the active hydrogen in the base, in pyridine 
solution, cold or hot, gave respectively 1‘274 and 1-476 atoms of 
hydrogen per molecule of the formula C 8 H 0 N 3 S 2 . Of course, it is 
not impossible that the substance undergoes a far-reaching change 
under the influence of magnesium methyl iodide. 

As will be seen later, when the structure of the group C 4 H 4 NS 
is discussed, the base is probably dithiazylmnine, (G 4 H 4 NS) 2 NH. 

Examination of the Oil. 

The oil, the second product of the action of hydrochloric acid on 
mmiethyirhodim, was distilled under 14 mm. pressure several times, 
when it passed over at 94—•97° (mostly at 96—97°), each time 
leaving a residue and undergoing slight decomposition. It would 
no doubt distil unchanged under still lower pressure. 

As was to be expected, the results of the analysis were only 
, approximate. 

Found: C = 49-14; H=5’G7; S=45*24. 

C 3 H 4 S requires C=50-00; H = 5'55; 8=44-44 per cent. 

Determination of Molecular Weight by the Gryoscopie Method. 

In Glacial Acetic Add. 


Weight of solute. Weight of solvent. 


Gram. 

Grams. A. 

M.W. 

0-1530 

20-91 0-205° 

139-2 

0-3792 

„ 0-515 

136*3 

0-5322 

0*720° 

C B H S &. requires M.W. = 144. 

137-8 
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The formula, C 3 H 4 S, lias therefore to be doubled. A deter¬ 
mination by the ebnllioscopic method gave the number 188. 

The compound is a colourless, highly refractive oil having a 
characteristic odour reminiscent of turpentine. It dissolves in con¬ 
centrated sulphuric acid, yielding an orange-coloured solution which 
is not precipitated by water. 

The formation of this substance, jointly with that of the base, 
may be accounted for as follows: 

6C 4 H 5 0'NS^2C s H 9 N 3 S, + C 6 H 8 S 3 -h 2C0 2 + 2H 2 0. 

About two-thirds of the quantity of the base to be expected 
from this equation is obtained and one-third of the amount 
indicated for the compound, C 6 H 8 S 2 . 

The structural formula of C G H 8 S. 2 may be represented by I, and 

ch 3 *c:ckks ch:ch*s 

s-ch:och 3 s-—oh:ck 

(i.) 4 (ii.) 2 

if the ring (II) be termed thien, the compound, C 0 H a S a , will be 
2 : 5 -di in e t hyl t hi en . 


isoAf ethylrhodim and Methyl Iodide. 

Five sealed tubes each containing 7 grams of Aomethylrhodim, 
10 grains of methyl iodide, and 20 grams of methyl alcohol were 
heated for three hours at 125°. On opening the tubes, the escaping 
gas had a fishy odour and contained carbon dioxide. The brown 
liquid, containing needle-shaped crystals, was removed with methyl 
alcohol and distilled from a water-bath. The residue (53'75 grams) 
was boiled with 750 c.c. of water, the solution filtered from a black 
tar, and boiled with charcoal. On cooling, a mixture (3*835 
grams) of compact crystals (A) and of fine needles was deposited 
and separated mechanically; the latter proved to be unaltered 
ethylrhodim. 

The mother liquor was reduced by distillation to about 250 c.c. 
Along with the water, a small quantity of a malodorous oil and 
some solid matter passed over, which gave an ethereal extract of 
0-822 gram. 

The aqueous residue from the distillation was boiled with animal 
charcoal and filtered hot. On cooling, crystals (1'4 grams) similar 
to (A) were deposited. 

The filtrate was now concentrated to 50 c.c., and yielded a further 
quantity (2*67 grams) of the same substance. The final mother 
liquor ( B) will be mentioned later. 
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The three crystallisations of (14), together weighing about 
7 grams, were dissolved in 400 grains of boiling water, the solution 
treated with charcoal, and filtered hot. The crystalline deposit 
(4'405 grams, dry) was recrystallised from 135 grains of water, and 
yielded 3’467 grains of long, colourless, massive crystals not melt¬ 
ing at 265°. When heated on platinum, they sublimed without 
melting (Found: C = 27*80; H = 2'53; N = 33*09. CHON requires 
C = 27*90; H = 2*33; N = 32*72 per cent,). 

The substance has therefore the composition of cyanuric acid, 
the properties of which it possesses. Thus, it gives Hofmann’s 
reaction with sodium hydroxide and Wohler’s with copper sulphate. 

The. final mother liquor ( B ) was distilled in a vacuum to dry¬ 
ness, and the residue (23’51 grams) crystallised from alcohol. 
■White plates (13*07 grams) were obtained which volatilised com¬ 
pletely at about 220° with the evolution of iodine (Found: 
0 = 18*15; H=4*54; S = 15*47; 1 = 61*54, 62*13. C a H 9 Si requires 
0 = 17*65; H = 4*41; S = 15*68; 1 = 62*25 per cent.). 

The compound is therefore trimethylsulphine iodide. 

It thus appears that under the influence of methyl iodide at a 
comparatively low temperature, /.wmethylrhodim undergoes com¬ 
plete disruption. 

Comparative Examination of the Three Bhodims. 

Determination of Molecular Weight by the Gryoscopic Method . 
a-Methylrhodhn , m. p. 103—104°. 

Weight of Weight of 
solute. solvent. Nature of 


Gram. 

Grams. 

solvent. 

A. 

M.W. 

Average. 

0*1342 

21*385 

Nitrobenzene 

0*26° 

173*8 

_ 

0*0845 



0*14 

183*8 

178*8 

0*3380 

27*925 

Glacial acetic acid 

0*405 

114*1 

— 

0*34X2 

• • 

/ ” 

0*40 

117*1 

115*6 


&-Methylrhodim , m. p. 183—184°. 



0*094 

22*005 

Glacial acetic acid 

0-110° 

151*4 

__ 

0*1604 



0*14 ‘ 

203*0 

177*0 


iso M ethylrhodim, m. p. 

127—128°. 


0*1080 

19*57 

Nitrobenzene 

0*105° 

378*0 

_ 

0*079 

„ 

„ 

0*065 

404*7 

391-35 
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Determination- of Molecular Weight by the Ebullioscopic Method. 
In alcohol: constant for 100 c.c., 15-6. 

Preliminary tests with acetanilide gave an average M.W. = 157 
instead of 135. 


a -Me i hylrhodim , m. 

p. 103—104° 

:0-3312 

gram. 

Rise in temperature. Grams in 100 c.c. 

M.W. 

Average. 

0-620° 

5-018 

126-2 

_ 

0-554 

4-476 

126-0 

■ _ 

0-496 

4-039 

127-0 

_ 

0-440 

3-680 

130*5 

127-4 

0-31 ethylrhodim, m. 

4* 

QO 

7 

co 

00 

cn 

.-0-2175 

gram. 

0-155° 

3-295 

331-6 

_ 

0-137 

2-939 

334-7 

_ 

0-125 

2-652 

331-0 

_u_ 

0-110 

2-417 

342-7 

336-66 

isod/ ethylrhodim , m. 

p. 127—128° 

-.0-1732 

gram. 

0-078° 

2-624 

524-8 


0-070 

2-340 

522-0 

_ 

0-060 

2-112 

549-1 

_ 

0*052 

1-924 

577-2 

543-1 

0 4 H 5 ONS requires M.W. = 115. 



Owing evidently to anomalies of aggregation, the results are 
not so conclusive as might be desired. a-Methylrhodim has cer¬ 
tainly the simple molecule C 4 H 5 ONS, whereas there is some un¬ 
certainty concerning the two other isomerides. The author is 
inclined to regard 0-methylrhodim as 2(C 4 H 6 QNS) and *>omethyl- 
rhodim as 4(C 4 H 5 ONS), the structure of the ring, C 4 H 5 ONS, not 
being necessarily the same in the three isomerides. 


Constitution of the Three Methylrhodims. 


The so-called me^o-hydroxymethylthiazole has, according to 
Hantzsch and Weber {Ber. y 1887, 20, 3127), the structural formula 
I, which is that of a tertiary alcohol or phenol. The only fact 


CH, 


fM 

C OOH 

K 

(I.) 


S H ”? 

CH,*G CO 

\/ 


NH 

(II.) 


adduced by Hantzsch and Weber in favour of this formula was the 
alleged formation of wcao-aminothiazoles by the action of ammonia 
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or primary bases. Later, however, Hantzsch had to admit the 
complete indifference of that compound towards ammonia or organic 
bases, having discovered that the reacting substance was thiocyano- 
acetone alone. This, and similar facts which were gradually 
evolved in the study of the aminothiazoles, led to these substances 
being represented as perfect models of tautomerism, hydroxy - 
methylthiazole being endowed with a ketonic double (II), in spite 
of the absence of properties commonly possessed by ketones, as had 
been pointed out by Hantzsch and Weber themselves. 

The author’s long acquaintance with hydroxymethylthiazole has 
failed to reveal to him a single fact pointing to the presence of 
either a hydroxyl or a carbonyl group in that compound. It 
behaves neither as an alcohol nor as a ketone, and it affords no 
justification whatever for the assumption of tautomerism, that last 
resort of a formula in difficulties. Furthermore, the action of 
phosphorus pentachloride, which, as has been shown, leaves the 
oxygen intact, whilst it introduces chlorine into the molecule, 
makes the presence of either a hydroxyl or a carbonyl group at 
least improbable. The two formulae (I and II) are, however, not 
only improbable, but impossible, as is proved by the study of the 
hydrolysis of the methylated derivative, CH 3 *C 4 H 4 ONS, which the 
author has succeeded in obtaining in a state of purity. Indeed, 
this substance would have to be represented as 


CH S 

CH 8 -C OO-CHg 
N 


CH- 

CH.-C 


-S 


CO 

\/ 

N-CbL 


The first of these formulae is that of an 0-ether which can give 
no methylamine on hydrolysis; neither can a substance possessing 
the second formula, since the N*CH S group is in the position 3, 
which, as Traumann (Armed en, 1888, 249, 44) has shown in the 
case of 2-imino-3; 4-dimethyl-2:3-dihydrothi azole (III), yields 
ammonia on hydrolysis, hut no methylamine. 


CH a 


CH- ? 

c c:nh 

\/ 

H-CH, 

(III.) 



The compound, CHyC 4 H 4 ONS, on the contrary, gives a quanti¬ 
tative yield of methylamine. . ^ '■ 

.. . 'We ; : are thus, led to the conclusion that the group N*CH S occupies 
the position 3, which brings us to the formula IV for hydroxy- 
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methylthiazole. ” A compound of this structure- may be derived 
from thiocyanoacetone if it is assumed that the latter passes into 
the enolic form, that a hydrogen atom then migrates, and, finally, 
that' the chain is closed, 

CEL—S CH—S CH—S 

i I --.V I I I 11 I 

ch 3 *o c*n ch 3 *c c. : n ch,*o c:nh 

% \ \/ 

O OH U 


It appears, therefore, that the substance which has been known 
since 1887 as hydroxymethylthiazole is not a thiazo-le at all. It 
might be called 2-imino-4-methylthioxole, but for the sake of 
simplicity, and in view of the now proved existence of two other 
isomerides of thiocyanoacetone, it seems preferable to adopt the 
generic name rhodim for this class of compounds. 

Thus, hydroxymethylthiazole becomes a-methylrhodim; the 
isomeride melting at 183—184°, jS-methylrhodim; the isomeride 
melting at 127—128°, z'somethylrhodim. 

It has been shown that the first two can be easily converted into 
on© another. They stand, therefore, in the closest connexion and 
have to be considered as structurally analogous, the only difference 
being in the size of the molecule, that of the /3-isomerid© being 
probably double. 

The same cannot be said of isomethylrhoclim: its chemical 
behaviour, which is quite different, goes to show that it possesses 
one of the formulae formerly claimed by a-methylrhodim, 


CH- ? 

ch 3 *c c-oh 

hr 


CH S 
CH S *C CO 

\/ 

NH 


more likely the latter. A glance at it shows pre-existing the frag¬ 
ments, CHyCICH'S, •CO'NH', etc., into which the compound 
can be made to decompose. The formula is, of course, not simple ; 
it would have to be multiplied probably by 4, which could cause 
it to rank with cyanuric acid, the identity of which with tetra- 
earbamide has been recently demonstrated (Walters and Wise, J. 
A mer. Ghem. Sac., 1917, 39 , 2472). 

The base, dithiazylamine, C 8 H 9 N s S 2 , which is formed from 
is omethylrhodim by the action of hydrochloric acid, may be repre¬ 
sented by the formula V, which makes it appear as the parent sub- 


CH,-C C-N H-C C-CH„ 


N N 


ICH s S—f|H 
0-NI—C C-CH S 

N N 


(VI.) 


(V.) 
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stance of the ammonium hydriodide, C 10 H 14 N 3 IS a , obtained by 
Hantzsch and Weber ( Ber ., 1887, 20 , 3131) in small quantity by 
the action of methyl iodide on aminomethylthiazole. to which, start¬ 
ing from another direction, they assigned the structural formula VI, 
The chlorinated derivative of a - m ethyl rh od i rn, C 4 H 4 0NC1S, 
may be 


coi—s 

cH,-b g:nh or 

' \/ 

0 


ce- 


CHaC 


-s 

c:nci 


o 


more likely the first. 

Laboratory rob Chemical Research, 

49, Palace Road, Streatham Hill, 

London, S.W. 2. [Received, July 1st, 1919.] 


XCI1I.— An Automatic Extraction Apparatus. 

By Joseph Tchekniac. 

The extraction apparatus described by the author {Ber., 1893, 
25, 3652), and frequently mentioned in the preceding paper, has 
undergone so many changes in the course of time that it seems 
desirable to give an account of it in its present shape. 

The working of the apparatus is very simple. Of the two flasks 
shown in the diagram, the smaller one receives the ether and is 
heated in a water-bath; the large two-necked flask contains the 
solution to he extracted; it can be filled through the opening (16) 
of the tube (13), which is also used for siphoning off the exhausted 
liquor. The capacities of both flasks may vary within very wide 
limits, from a fraction of a litre to several litres. The two-necked 
flask is placed in a vessel through which cold water is run; it is 
then filled nearly to the neck with the liquid to be extracted, the 
tubes (16 and 13) are closed, and ether is poured in through tile 
opening (17) of the tube (5). The ether flows through the tube (4) 
to the bottom of the flask, rises in the aqueous liquid and in the 
annular space between the tubes (3 and 2) (see enlarged inset), and 
descends through the tubes (6 and 7) into the small flask, filling 
the seal (9); through the condenser (10) a little mercury is poured 
to prevent any leakage of ether from the tap (8). 

When the water-bath, is heated, the vapour of ether raises the 
liquid ether in the seal to a certain height in the tube (6), and 
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also passes through the tube (2) to the bottom of the two-necked 
flask, where it is condensed; the liquid ether then returns through 
the tubes (3 and 6) and the seal into the small flask. Any aqueous 



liquid carried over with the ether returns through the tube’ (4) into 
the two-necked flask. 

; ;By: regulating the flow of water in the vessel (15), the tempera-' 
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ture of the aqueous liquid can either be kept quite low or allowed 
to rise more or less. 

The joints are- very simple and efficient. As seen in the sketch 
(inset), the outer tube is very slightly conical (18), and the inner 
tube, ‘which is little less in diameter, is provided with a short 
length of rubber tubing (19), which, on being pressed into the 
conical opening of the outer tube, makes a perfectly tight joint. 

The mercury trap (11 and 12) is connected with the apparatus 
after the air has been expelled by the vapour of ether; it prevents 
losses of the solvent by diffusion. 

The apparatus may be used equally well for the extraction of 
solid substances by means of ether, chloroform, etc. In this case, 
the two-necked flask may be comparatively small, and the tube 
(7) must be provided with a thimble or filter to arrest any particles 
of solid that may be carried over by the solvent. The cap of this 
tube is ground in. 

When the- apparatus is properly put together and in good order, 
it may be safely left to work overnight, the requisite condition for 
its satisfactory working being steady, uniform boiling with entire 
freedom from all tendency to “ bumping.” This is secured by the 
well-known device of introducing into the ether flask small tetra- 
hedra of' platinum. 

Little ether is lost except that dissolved in the aqueous solution, 
and if care is taken before extraction to saturate the latter with 
sodium chloride, the loss of ether is rendered still smaller.* 

In conclusion, I wish to express my thanks to my assistant, Mr. 
H. A. Steinmami, for the preparation of the excellent diagram of 
the apparatus which is the subject of this paper. 

Laboratory for Chemical Research, 

49, Palace Road, Streatham: Hill, 

London, S-W. 2. [ Received , July let , 1919.] 

* The apparatus can, be obtained from Messrs. Baird & Tatloek (London) 
Ltd., 14-15, Cross Street, London, E.C. 1. 
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XCIV. — The Constitution of Carbamides. Part IX, The 
Interaction of Nitrous Acid and Mono-substituted 
Ureas. The Preparation of Diazomethane , Diazo- 
etliane, Diazo-n-butane , and Diazoimpentane from 
the Respective Nitrosoureas. 

By Emil Alphonse Werner. 

Nitrosohethylurea, obtained by von Briining ( Ber 1888, 21, 
1809), was the first example of the preparation of a niiroso-deriv- 
ative from a mono-substituted urea, and its formation bas been 
supposed to take place in accordance with the equation 

NH 2 *CO*NH-CH 3 + HN0 2 = NH 2 -C0*1T(N0)*CH 3 + K 2 0. 

Later, nitrosophenylurea, and the corresponding m- and p-tolyl 
and /3-naphthyl derivatives, were prepared by Walther and 
Wlodkowski (/. Ghem., 1899, [ii], 59 , 285). 

Assuming the carbamide configuration, it must be admitted that 
the formation of a .nitroso-derivative is. rather surprising and 
requires some explanation, since it would be natural to expect that 
the amino-group would be at once attacked with complete decom¬ 
position of the urea, thus: 

(a) NH 2 *CO-NHR + HN0 2 =N 2 + C0 2 + NH 2 R + H 2 0. 

Moreover, the yield of nitroso-derivative was not sensibly affected 
by an addition of an excess of nitrous acid to the substituted urea, 
nor had nitrous acid any further action on the nitroso-compound 
when once formed. The latter, therefore, could not contain an 
amino-group. 

A quantitative study of the changes involved has brought to 
light some interesting facts bearing on the question of the con¬ 
stitution of mono-substituted ureas, whilst the nitroso-derivatives 
examined are of more than ordinary interest, since they are likely 
to prove most useful substances for the simple preparation, and 
study, of the reactions of diazomethane and its hornologues. 

When methylurea in aqueous solution (A/5) was treated with 
nitrous acid in the presence of sulphuric acid, there was an 
immediate violent evolution of nitrogen and carbon dioxide, which 
ceased after a few seconds. This was quickly followed by the 
separation of crystals of a nitroso-derivative, the yield of which 
was, in round numbers, equal to 90 per cent, of the theoretical 
(Expts. 1 and 2)'. 

In the case of ethyl-, n -butyl-, and fsoamyl-urea, whilst similar 
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phenomena were observed, the yields of the respective nitroso- 
derivatives were approximately 76, 67, and 48 per cent, of the 
theoretical. 

With, benzylurea and pbenylurea, respectively, where it was 
necessary to use a relatively large proportion of pure acetic acid to 
effect solution, 42 and 33 per cent, of the theoretical proportions 
of the nitroso-derivatives were formed. 

The remainder of the respective ureas was decomposed according 
to equation (a), as proved by the evolution of larger volumes of 
carbon dioxide and nitrogen in proportion to the lower yields of 
nitroso-derivatives, and since the velocity of reaction (a) was 
greater than that which gave rise to the latter compounds, the 
evidence goes to show that the proportions of each substituted urea 
present in solution with a true “ carbamidic ” structure must be 
different. 

In connexion with this point, it is important to note that the 
tendency to form a nitroso-derivative falls as the electropositive 
character of the hydrocarbon radicle diminishes. In the light of 
the facts just stated, this reaction is properly represented thus: 

(6) OH*C(:NH)-NHR + HONO = OH-C(*.NH)*N(NO)Il + h 2 o. 

An outstanding property of the aliphatic nitroso-derivatives is 
their immediate decomposition by alkalis, which in the case of the 
methyl derivative takes place quantitatively, as follows: 

0) OH-C(:NH)-N(NO)'CHj+ NaOH = NaOCN + CH a N 2 + 2H 3 G. 

This change,* together with several other reactions described in 
the experimental part, supports the above constitution. It follows, 
therefore, that, so far as their behaviour towards nitrous acid is 
concerned, mono-substituted ureas in acid (sulphuric, hydrochloric, 
or nitric) solution are present in two forms in equilibrium, thus: 

(A) NHVCONHR ^ OH-C(:NH)-NHE (B) 
the proportion of each form being regulated by the electrochemical 
nature of the radicle (R). 

Methylurea, for example, must be very largely presented for 
attack in the form (B), the formation of a salt of. the type 

oh*c(:nh)*nhr,hx 

being promoted by the presence of the strongly electropositive 
methyl group. Phenylurea, on the other hand, is mainly present 
in the form (.4), since the tendency to saltr-formation is here dis- 
, tinctly feeble. ; 

* The ^wjxicrar^-i-eaction, resulting from the decomposition of diazomethane 
by water, is not considered here, and is dealt with later. In the ease of the 
ethyl, w-butyl, and woamyl compounds,, some olefines are produced along with 
the diavso-derivative. 
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Further evidence in favour of the above view was found in the 
fact that mono-substituted ureas ■were directly attacked by nitrous 
acid in solution alone, even at a. concentration of Nj 18, and whilst 
the velocity of the reaction at this low concentration was bound to 
be slow, it was quite appreciably promoted by the presence of a 
weak acid, such as acetic, particularly at concentration Nj 5 
(Ex.pt. 3). 

In this respect, the substituted ureas differed markedly from urea 
itself (compare T., 191^111, 864), and whilst the velocity of the 
reaction was slow, the end result was much the same as in the 
presence of a strong acid. 

The probable existence of a cyclic form of the urea capable of 
giving rise to either forms (.4) or (B) by migration of hydrogen, 
thus: 

FT HR h 

/ f—; nh 2 r /Nhr 

h 2 n*c:o ■<— hn:c< | j -> hn:c< 

M>FI 

(A.) ( O .) K B.) 

must Be taken into consideration as a likely condition in a neutral 
solvent or in the presence of a weak acid. The diminished velocity 
in the reaction with nitrous acid under such conditions becomes 
intelligible, since form (0), like urea itself, would not be attacked 
by the reagent. Whilst the behaviour of di- and tri-substituted 
ureas towards nitrous acid is under investigation, it may be men¬ 
tioned her© that nitrosodiethylurea, NHEt*CO*NEt*NO, readily 
furnished diazoethane on treatment with either sodium hydroxide 
or sodium ethoxide. 


Experimental. 

'Interaction of Nitrous Add and- Meihylurea. Preparation mid 
Properties of Nitrosomethylurea. 

All the gasp-metric experiments described were performed in a 
Lunge nitrometer, and, for the sake of brevity, only the volumes 
corrected to : N. T.P. are given in each case/ 

'.'I.—0*074 Gram of methylurea and 0*072 * gram of sodium 
I nitrite (equal molecular proportions) were dissolved in 3- c.c. of 
| water, and - 2 c.c. of if-sulphuric 'acid-added. . .The concentration 
:was : Njo. After one minute, there was sudden .separation' of 
crystals (the nitroso-derivative), and the evolution of gas at once 
I ceased, 

* The equivalent of 0-060 gram of pure sodium nitrite. 

m 1 - I ' 
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Vol. of Ncj—2*3 c.e. = 10*26 per cent, of the theoretical for equa¬ 
tion (a). Theory = 22'4 c.c. N 2 . 

The gas was expelled from the nitrometer, and 2 c.c. of 15 per 
cent, potassium hydroxide solution were added to the residue. 
There was instant violent evolution of gas of a deep yellow colour 
(CH 2 N 2 ), which gradually became colourless after remaining over 
the aqueous solution for some time. 

Vol. of 17 2 = 20*12 c.c. = 89*82 per cent, of the theoretical for the 
formation of the nitroso-derivative according to equation (b). 
Theory = 22*4 c.c. N 2 . 

Ex pi . 2.—0" 074 Gram of methylurea and 0T44 gram of sodium 
nitrite were dissolved in 2 c.c. of water (HN0 2 to methylurea = 
2:1), and 3 c.c. of iT-sulphuric acid added. 

Vol. of N 2 =2*4 c.c. = 10*71 per cent, of the theoretical. 

After addition of potassium hydroxide solution to the residue, 
vol. of N 3 = 19*95 c.c. = 89*06 per cent, of the theoretical for the 
nitroso-derivative, the yield of which was therefore unaffected by 
an excess of nitrous acid. 

Expt. 3.—0*074 Gram of methylurea and 0*072 gram of sodium 
nitrite were dissolved in 17 c.c. of water, and 1 c.c. of A-suIphuric 
acid was added. The concentration was N( 18, and no free 
sulphuric acid was present. The evolution of gas was very slow, 
and at the end of twenty hours vol. of N 2 '=1'6 c.c. = 7*14 per cent, 
of the theoretical. 

Vol. of N 2 =17*88 c.c. (after addition of potassium hydroxide) = 
79*82 per cent, of the nitroso-derivative formed. 

Whilst the reaction in this case was not completed after 
twenty hours, the results prove that methylurea is directly attacked 
by nitrous acid alone on the same lines as in the presence of a 
strong acid. When an excess of acetic acid was present, th§ reac- | 
tion was completed in about ten hours with results similar to 
described in Expts. 1 and 2. 

The following procedure was found most suitable for the pre¬ 
paration -of nitrosomethyl urea on a larger scale. 

Methylurea (44*4 grams) and sodium nitrite (43*2 grains) were 
dissolved in 400 c.c. of water contained in a wide-mouthed bottle ,! 
of 1200 c.c. capacity partly immersed in ice-cold water. A cold ( 
solution of 30 grams of pure sulphuric acid in 150 c.c. of water 1 
was gradually added, the liquid being well stirred. After two f 
hours, the nitroso-derivative, which had separated, was collected, 
washed, and dried in a desiccator; it weighed 49*4 grams. The 
filtrate (and washings) was extracted twice with 80 c.c. of ether, { 
from which solvent, after distillation at a gentle heat, 2*2 grams of j 
the nitroso-compound were obtained. Total yield = 51*6 grams, or 
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83'5 per cent, of the theoretical. On account of the vigorous evolu¬ 
tion of gas and the simultaneous separation in macrocrystalline 
form of the nitroso-c r npound, the latter was almost entirely carried 
to the surface as a thick froth; for this reason, the use of a flask 
should be avoided. 

When sulphuric acid was replaced by about twice its equivalent 
of pure acetic acid in the above preparation, the nitroso-compound 
separated in highly refractive, tetragonal prisms, there was much 
less frothing, but it was necessary to allow the preparation to con¬ 
tinue for not less than twenty-four hours before the maximum 
yield was attained, which even then was about 10 per cent, less than 
when sulphuric acid was used. Whilst individual crystals of 
nitrosomethylurea appear quite colourless, in bulk the compound 
has a pale buff colour rather than yellow, as described by von 
Briining (i loc . tit.). The crystals are readily soluble in alcohol, 
acetone, or ether, moderately so in benzene or chloroform, and 
* almost insoluble in cold water. 

A On exposure to sunlight, the compound gradually loses its buff 
col&ur and becomes pale sea-green.; beyond a fall in the melting 
pointy tips change had no apparent effect on the general reactions 
of the substance. 

Whin an alcoholic solution of nitrosomethylurea was heated to 
the .©oiling point, it was gradually decomposed, thus: 

dfe-C(:NH)-N(NQ)-CH 3 —> N 2 + CH 3 *OH+ HNCO = HOCN. 

Ethyl allophanate was produced as a result of the interaction of 
cfenic acid and ethyl alcohol. 

l In connexion with this decomposition, a curious difference was 
found in the stability of specimens of nitrosomethylurea prepared 
in the presence of sulphuric acid and of acetic acid respectively. 

4. — (a) A solution of 5 grams of nitrosomethylurea (acetic 
acid preparation) in 70 c.c. of alcohol was boiled under reflux; the 
|>ujf-yellow colour of the solution gradually disappeared, and, after 
wo hours, the solution was colourless. On cooling, ethyl alio- 
hanate, identified by its melting point (191°) and properties, 
jparated, and the amount ultimately obtained was 2'28 grams, or 
l'24 per cent, of the theoretical (theory=3*2 grams from 5 grams 
x nitrosomethylurea). (b) A similar experiment with a specimen 
prepared in sulphuric acid solution gave, after two hours, 27-4 per 
:ent., and after three hours only 40*94 per cent, of the theoretical 
field of ethyl allophanate, For the present, no explanation can be 
offered for this apparent anomaly, which has been verified with 
several specimens. 

Nitrosomethylurea melted at 121° (crystals from, ether), and in 
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contrast to the foregoing change was violently decomposed, as 
follows: 

(cl) OH-C(:NH)-N(NO)-CH 8 = N s + CHg-N^O + HoO. 

Most of the tsocyanie ester was obtained as the polymeride, 
<CH 3 *NCO) 3 , which melted at 177° (Hofmann gives 176°). 

Preparation of Diazomeihane from Nitrosomethylurea. 

In order to obtain the best yield of diazomethane in solution in 
ether, either of the following methods can be recommended. 

Eo.pt. 5.—Nitrosomethylurea (10-3 grams) in microcrystalline 
form was introduced into a round-bottomed flask of about 100 c.c. 
capacity, 50 c.c. of pure ether (distilled over sodium) were poured 
down the side of the flask, which stood in melting ice, and, with¬ 
out delay, 20 c.c. of 70 per cent, potassium hydroxide solution were 
quickly added drop by drop, while a quiet, circular motion was 
given to the flask. After about ten minutes, the deep golden- 
yellow, ethereal solution was decanted. It contained 3*2 grams r > 
diazomethane, determined by the iodine method, which was egu^ °! 
to 76’2 per cent, of the theoretical for equation (c). jb J 

Whilst it was not possible to avoid decomposition of a c€ 6nsider 
able proportion of diazomethane by the water generated t? a • 
the reaction, the effect was slightly reduced by altering the \ r $ e * 
of procedure; thus, when nitrosomethylurea was added in port,^ 
of about 0*5 gram at a time to very concentrated potassium hy*sfe* 
oxide solution lying under the surface of ether, a solution of diazc- 
methane was obtained which contained 78—79 per cent, of th^- 
theoretical. fd e 

In studying the use of diazomethane as a methylating agent, a 
has been apparently the universal practice to employ the substance- ^ 
exclusively in ethereal solution. This has obviously a serious disv-' 
advantage, on account of the limitations of ether as a solvent for "■> 
many types of organic compounds. There seems no reason why this 
practice should be so rigidly adhered to, as shown by the folio win: 
experiments. 

Expt. 6.—To a solution of 1*03 grams of nitrosomethylurea i©y 
40 c.c. of pure alcohol, a molecular proportion of sodium ethoxicd f 
in 10 c.c, of alcohol was added. Sodium cyanate was immediately i 
precipitated, accompanied by a quiet evolution of nitrogen, whiclt 
.ceased:at''the.end-of about fifteen minutes, and a rich yellow solul- 
tion of diazomethane was obtained. To 5 c.c. of the solution placed • 
in the nitrometer, 10 c.c. of water were added; there was immediate | 
brisk evolution of nitrogen, while the liquid became colourless. | 

Yol. of N 2 (measured over water) = 17*91 c.c. Hence for total 
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solution = 179*1 c.c. Theory = 224 c.c. Therefore the solution con¬ 
tained 79*9 per cent-, of the theoretical proportion of diazomethane. 

Dxpt. 7.—A solution of 0*103 gram of nitrosomethylurea in 
3 c.c. of alcohol was introduced into the nitrometer, and 0*068 
gram' of sodium ethoxide in 2 c.c. of alcohol was added. 

After twenty hours, only 4*5 c.c. of nitrogen (corrected for 
pressure of alcohol vapour) were evolved. 

The gas was’ expelled from the nitrometer, and 10 c.c. of water 
were added, when there was immediate rapid evolution of nitrogen. 

Vol. of N 2 = 16*84 c.c. (Theory = 22*4 c.c.) 

The solution therefore contained, after remaining for twenty 
hours, 75*3 per cent, of the theoretical amount of diazomethane. 

It will be seen from the equation, 

OH*C 1 (:NH)-N(NO)-CH 3 +C 2 H 5 -ONa = ]SraOCN + CH 2 N 2 + 

H 2 0 + C s H 5 *0H, 

that whilst the amount of water produced was theoretically capable 
of decomposing all the diazomethane formed, its effect was greatly 
suppressed by the presence of a relatively large volume of alcohol. 
It may be mentioned that results very similar to those recorded 
in Expt. 7 were obtained when diazomethane *was generated in the 
presence of pure methyl, propyl, «-butyl, and isoamyl alcohol 
respectively. Moreover, since there was no evidence of the form¬ 
ation of an ether (R*0*CH 3 ), it must be concluded that diazo- 
inethane does not attack the hydroxyl group of an alcohol. 

The chief point of practical interest arising out of these observa¬ 
tions lies in the simple application. of the reaction as a method for 
studying the properties of diazomethane under more favourable 
conditions. In the ease of a neutral substance, for example, it 
may be dissolved in alcohol,* together with a small excess ox nitroso¬ 
methylurea ; on addition of the requisite amount of sodium 
ethoxide, diazomethane is instantly generated in situ with the 
substance to be attacked. 


Decomposition of Nitrosomethylurea by Ammonia. 

'“When; an, alcoholic solution of ammonia was added to a similar 
solution of nitrosomethylurea cooled to 0°, there was vigorous 
evolution of nitrogen, and a colourless solution was obtained. 
After a few* minutes, a certain quantity of acicular prisms 
separated, which were identified as ammonium cyan ate. As the 

f*'*■ Pure alcohol which has Been finally dried by adding to it a small quantity 
of an ethereal solution of cli azomethane may be used with advantage.'. 
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temperature was allowed to rise, the crystals redissolved. The 
primary reaction was as follows: 

oh*c(:nh)*n(no)*ch 3 + nh 3 =nh 4 ocn = con 2 h 4 + 

n 2 +ch 3 -oh. 

Three experiments gave yields of urea which varied from 42 to 
53 per cent, of the theoretical. Methylurea, and a small quantity 
of aa-dimethylurea (which melted at 181°) were separated from 
the mother liquors; these were the result of (1) the methylation of 
ammonia, CH 2 N 2 + NH 3 = CH 3 -NH 2 + N 2 , and (2) the further 
methylation of methylamine to dimethylamine. As the reaction 
progressed, each amine decomposed a portion of nitrosomethylurea 
according to the above equation. The further study of these reac¬ 
tions will form the subject of a future communication. 

The Spontaneous Decomposition of Nitrosomethylurea . 

It may be worth while to point out that no specimen of nitroso¬ 
methylurea could be kept unchanged for more than about five 
months. One preparation (about 30 grams), stocked in a dark 
brown, glass-stoppered bottle, decomposed spontaneously after 162 , 
days, although only three days previously several grams removed / 
for the preparation of diazomethane behaved in a normal manner. / 
The decomposition "was on the lines of the change produced by heat; 
(equation d), and whilst much trimethyl uocyanurate was formed/ 
a viscous product freely soluble in water was generated, the nature 
of which has not yet been elucidated. ‘ 

The behaviour of a number of other substituted ureas towards 
nitrous acid is shown below. The experiments were carried out j^s 
described under Expt. 1. . ■ J 

Decomposition Yield of / 
Vo!. of N 2 according to nitroso- 

evolved. equation (ct). derivative. 


C.e. Percent. Percent, 

1. Etihylurea .. 5*3 23*66 76-34' 

2. n-Butylurea..... 7-99 32*60 67*40 

3. isoAmylurea ...... 11*5 51-33 48-67 

4. Benzylurea.. 12-97 57-90 42-10 

5. Phenylurea......... 14-96 66-78 ' 33-22 . 


Nitrosoethylurea, prepared in a manner similar to the methj 
derivative, was obtained in pale buff-yellow, hexagonal plates whi<? 
melted at 103—-104°, Diazoethane was obtained on decomposite 
with potassium hydroxide according to equation (c); ethylene 
the extent of 14*77 per cent, of the theoretical was simultaneous 
formed, thus: ■ ' ' 

(e) 0H*C(:NH)*N-(]S[0)*C 2 H 5 + KOH »KOCN + C 2 H 4 + N 2 +,a 
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A very good yield of diazoethane in ethereal solution was readily 
prepared by the method described under Expt. 5. 

Nitroso-n-h it tylurea , * C 5 H n 0. 2 N 3 , formed almost colourless, 

hexagonal plates which melted at 85°. Diazo-»-butane was 
obtained as an amber-coloured, mobile liquid with a stupefying 
odour by the direct addition of nitrosobutylurea to 70 per cent, 
potassium hydroxide solution cooled to 0°; butylene and nitrogen 
were simultaneously formed to the extent of about 30 per cent, of 
the theoretical on the lines of equation (e). 

Nitrosoizoamylurea , C 6 H 13 0 2 N 3 , was obtained in minute, pale 
buff, unctuous, platy crystals which melted at 74°; since is o amyl- 
urea is sparingly soluble in water, it was necessary to use 30 per 
cent, acetic acid as solvent in the preparation of the nitroso- 
derivative. 

Diazoi'&opentane , C 3 H 10 N 2 , was obtained as a dark brown oil of 
unpleasant odour by the addition of potassium hydroxide solution 
to the nitrosourea. % 

A itroso b enzylurea, CgH 9 0 2 N 3 , which was prepared by the action 
of nitrous acid on benzylurea dissolved in 50 per cent, acetic acid, 
formed many-sided prisms which melted at 101°} these were in¬ 
soluble in water, but readily soluble in alcohol or ether. 

Phenyldiazomethane, C 0 H 5 *CHiN 2 , separated as a deep reddish- 
brown oil on the addition of the nitroso-compound to a 70 per cent, 
solution of potassium hydroxide. 


Summary. 

(1) The interaction of mono-substituted ureas and nitrous acid 
in two directions, with (a) production of nitroso-derivatives, and 
(5) the complete disruption of the molecule, is explained by the 
presence in solution of two structural forms of the urea in 
equili! ium. 

(2) e nitroso-derivatives are shown to have the constitution 
OH*C(lK^T)’N(NO)B, and their formation is promoted in propor¬ 
tion to ti\e electropositive character of the radicle (R) in the 
original urea. 

(3) The aliphatic nitroso-derivatives-are decomposed by alkalis 
with the production of diajzo-derivatives of the paraffins in very 
good yields. : 

■ ..* V-Butylurea, C s Hi 2 ON 2:} from which the nitroso-derivative was obtained 1 ' 
has not been hitherto described. It was readily obtained by evaporating at 
100° an aqueous solution of w-butylamin© hydrochloride and potassium 
cyanate. It formed crystals which, melted at 86° and were readily soluble 
in water or alcohol. 

VOL. CXV. s S 
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(4) It is shown that diazomethane and its homologu.es may be 
conveniently prepared in alcoholic solution for the study of their 
reactions. 

University Chemical Laboratory, 

Trinity College, 

Dublin. [ Received , July ilih , 1919.] 


XCV .—Dyes Derived from Quinolinic Acid, 

By Praphulla Chandra Ghosh. 

The object of the present investigation was to prepare dyes from 
quinolinic acid analogous to the phthaleins, and to compare their 
colour and fluorescence. That quinolinic acid condenses with 
phenol and resorcinol has, indeed, been meniioned by Noelting and 
Collin (Ber., 1884, 17 , 258), but few details were given, and the 
products were not analysed. A compound Jfrom quinolinic acid 
and hydroxyquinol has been described by Liebermann and Wobbling 
(Ber ., 1902, 35, 1786). In the present work, the condensation of 
quinolinic acid with resorcinol, catechol, phloroglucinol, 
m-phenylenediamine, m-dimethylaminophenol, and 2 :4-diamino- 
phenol has been effected. These condensations take place without 
the use of any condensing agent by simply heating the two con- 
stituents together. 

In comparison with the corresponding phthaleins, the effect of 
the presence of the nitrogen atom in the ring is to lighten the 
colour and to diminish the fluorescence. In this series of com¬ 
pounds, the greater the power of an auxochromic group to deepen 
the colour, the greater is its effect on fluorescence. The compound 
obtained, from quinolinic acid and m-dimethylaminophenol has the 
deepest colour and is the most strongly fluorescent. 

Byes analogous to hydroxyanthraquinones have not yet been 
prepared, but work in this direction is being continued. 

Experimental. 

Quinolinic acid was prepared by oxidising a solution of quinoline 
(10 grams) in acetone (150 c.c.) with- a 5 per cent, aqueous solution 
of the theoretical quantity of potassium permanganate at about 10°. 

If the manganese dioxide is dried in the air, powdered, and then 
extracted with alcohol, the solution, on concentration, deposits pale 
yellow needles melting at 71—-72°. This substance is insoluble in 
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alkali hydroxides and volatile with steam. The amount obtained 
was sufficient only for an estimation of nitrogen: 

0T145 gave 17'6 c.c. N 2 at 31° and.756 mm. N = 1716 per cent. 


Quinolinanil , 



N 


Half a gram of quinolinic acid and 2 c.c. of aniline were heated 
on the sand-bath for ten to fifteen minutes, when the whole of the 
acid dissolved. On cooling, crystals separated, which were collected 
and washed with alcohol. They formed colourless, prismatic needles 
melting at 248—-251° (Engler, Ber., 1894, 27, 1789, gives 228°) 
(Found: N —13’4. C 13 H g 0 2 N 2 requires N = 12*50 per cent.). 


Q u in olinylfh e nylhydrann e, 


/ 


K 


Y 0 >N* 

ico^ 


NH*0,H r . 


Half a gram of the acid was heated with 2 c.c. of phenylhyclr- 
azine for about ten minutes. The clear solution, on cooling, 
became syrupy, and on adding alcohol, crystals were obtained which, 
when collected and washed free from phenylhydrazine, melted and 
decomposed at 237—238°: 

0-099 gave 15*9 c.c. N 2 at 31° and 755 mm. N—17*68. 

C ia H 9 0 2 N 3 requires N = 17*55 per cent. 


7 ? esorcin olqu inoUnein, 


/' 


OB. 


Vv / 

XiX~>* 


Two grams of quinolinic acid and 4 grams of resorcinol were 
heated at 180—200° for two hours. Some violet colouring matter 
sublimed, which might have been due to the formation of a sub¬ 
stance resembling 1: 3-dihydroxyanthraquinone. On cooling, the 
fusion was extracted with alcohol, and the dye was precipitated from 
the alcoholic extract with water. It could not be crystallised. It 
melts and decomposes at 266—267°. It is fluorescent in alcohol, 
acetone, or toluene, and aqueous potassium hydroxide gives an 
orange-green fluorescence: 

0-1020 gave 0-2550 CO a and 0*032 H a O. 0 = 68*1; H = 3*48. 

CigHjjOgN requires C = 68*46; H = 3*33 per cent. 

8 S 2 
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The silver salt was prepared in ike ordinary way: 

0-2132 gave 0*1092 AgCl. Ag=38*6. 

C I9 H 9 O f) NAg 2 requires Ag = 39*5 per cent. 


Catech. olquin oiin ein . 

This compound has not yet been obtained in sufficient quantity 
for analysis. It is prepared and purified in the same way as the 
above compound. It dissolves in aqueous potassium hydroxide 
with a greenish-blue colour. 


FkloroglaciaolquinoUnein , 


OH 



Utt 


Two grams of quinolinic acid and 4 grams of phloroglucinol were 
heated at 130—150° for about ten minutes. At first the mixture 
melted, the colour changing to red, and then the whole solidified. 
On crystallisation from water, a red compound melting and decom¬ 
posing at 275-—277° was obtained, which was very readily soluble 
in alcohol: 

0*100 gave 0*2277 C0 2 and 0*0289 H a O. C = 62‘l; H = 3*21. 

Ci 9 H n 0 7 N requires 0=62*46; H = 3*01 per cent. 

If the solid mass is dissolved in alcohol and tlie solution con¬ 
centrated, a pale yellow, crystalline compound is obtained which 
does not melt at 295°. It dissolves in aqueous potassium hydroxide 
with a yellow colour like the hydroxybenzophenones, and is more 
readily soluble in water than the compound just described. It has 
not been obtained in sufficient quantity for analysis. 


m-P/t e tiijl tn edinnunequln ol'm e in, 



■ One gram of quinolinic acid and 3 'grams of m-phenylenediamine 
hydrochloride were heated slowly to 210° and kept at 210—220° 
for twenty to twenty-five minutes. After cooling, the mass was 
extracted with alcohol and filtered; the solution was fluorescent. 
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The dye was obtained in a pure state by adding ether to the 
alcoholic solution. It melts and decomposes at 232—235°: 

0*103 gave 15*4 c.c. !ST 2 at 30° and 758 mm. N = 16-73. 
C 19 H 14 0 2 N 4 requires N = 16*97 per cent. 


m.-Dimethylamino'phenolquinolinein, 



\SM e 


■NMe 


2 


2 


Quinolinic acid (0-75 gram) and w-dimethylaminophenol (T5 
grams) were heated at 120—130° for fifteen to twenty minutes, and 
then the temperature was slowly raised to 150°, when heating was 
stopped. The mass was extracted with alcohol, and the dye pre¬ 
cipitated from the solution with water. When crystallised from 
dilute alcohol, it melted and decomposed at 148—151°. The 
alcoholic solution shows a reddish-violet fluorescence, which is 
deeper in acetic acid or alcoholic hydrochloric acid: 

0*1062 gave 10*8 c.c. N 2 at 32° and 751*4 mm. N == 11*1. 

CgiH^OgNg requires 1ST = 11*5 per cent. 

OH 

/\ X X H * 

2: 4rDiamino2^i>enailquinoUnein > J q/ jyg —'■ 

CO-O X \~ /NH 2 
OH ' 

One gram of quinolinic acid and 3 grams of 2:4-diaminophenol 
hydrochloride were slowly heated to 180° and kept at this point 
for a few minutes. The dye was extracted by boiling with alcohol 
and filtering from the unchanged diaminophenol hydrochloride. It 
was purified hy dissolving in alcohol and precipitating with water, 
but could not be crystallised. It does not melt at 290°. The 
compound is reddish-brown, and its solution in alcohol is 
fluorescent: : 

0*101 gave 13-8 c.c. K> at 30° and 756 mm. N = 15*37. 

C 19 H 14 0 4 N 4 requires N = 15*47 per cent. 


In conclusion, I beg to express my great indebtedness to Sir 
P. C. Ray for the loan of 200 grams of quinoline. 

Chemical Laboratory, 

Dacca College, 

Bengal, India. [Received, July 31 st, J9J9.] 
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XCVI.— Sodium Hypochlorite. 

By Malcolm Percival Applebey. 

Sodium hypochlorite in a solid form was first obtained by Mus- 
pratfi and Shrapnell Smith, of the United Alkali Co., Ltd., in the 
course of investigations directed towards the preparation of very 
concentrated solutions (/. Soc. Chem. Ind 1898, 17, 1096; 1899, 
IS, 210; 1903, 22, 591). Their preparations were obtained by 
cooling concentrated solutions, and had a composition correspond¬ 
ing approximately with a hexahydrate. The product melted in 
its water of crystallisation at 20°, and the fusion was unstable. It 
could be dehydrated slowly by means of a current of dry air under 
diminished pressure, and had then a melting point of 45°, but the 
results were deemed to he of no commercial value, and the investi¬ 
gations were accordingly discontinued. 

It was suggested by Mr. Muspratt that a complete investigation 
of the hydration and solubility relationships might furnish inform¬ 
ation of both scientific and industrial value, and a preliminary 
survey of the field has accordingly been made. This has already 
yielded results of some importance, which are the subject of this 
communication. They are to be regarded as provisional, and will 
be followed at a later date by a systematic phase-rule treatment. 

Preparation and Properties of Muspratt* s Hydrate. 

The hypochlorite solutions were prepared by treating 35 per cent, 
sodium hydroxide solution cooled in ice-water with chlorine, 
removing the precipitated sodium chloride, adding sodium hydr¬ 
oxide equivalent to the sodium chloride separated, and repeating 
the treatment with chlorine until the solution was about 5JV when 
tested with neutral sodium arsenite solution. On a few occasions, 
preparations were lost owing to spontaneous transformation to 
chlorate and chloride. Such transformation, when it sets in, takes 
place with extreme rapidity in concentrated solutions, and is 
accompanied by the evolution of considerable quantities of gas 
consisting of both chlorine and oxygen. The transformation to 
chlorate can, however, be prevented by observing the three con¬ 
ditions laid down by Muspratt and Shrapnel! Smith, namely, 
(1) low temperature; (2) absence of iron or other heavy metals 
. which : act "as; catalysts ; (3) presence of excess of free alkali. .The. 
solution, which has been.freed.from, precipitated sodium chloride, is 



APPLEBEY : SODIUM HYPOCHLORITE. 1107 

now cooled to about —10° in a freezing mixture and induced to 
crystallise, either by shaking or by impregnating with a crystal 
from a previous preparation. The hypochlorite then separates as 
a mass of very fine, hair-like crystals filling the whole liquid, whilst 
the temperature rises considerably. When the whole has again 
reached the temperature of the freezing mixture, the crystals are 
separated from the mother liquor hy suction through a Buchner 
funnel without filter paper or asbestos, the form of the crystals 
being such as to make'their retention easy. The crystals are 
pressed down to remove adhering mother liquor, and then appear 
to be colourless at the top, although the mass in the lower part of 
the funnel is green, owing to the presence of mother liquor, which 
cannot be entirely removed, being formed anew by deliquescence 
during filtration. The crystals liquefy at temperatures varying 
between 18° and 19°, according to their purity. The fusion is not 
quite transparent, hut becomes so at a somewhat higher tempera¬ 
ture. This behaviour, in conjunction with the subsequent separa¬ 
tion of a lower hydrate on cooling, appears to show that the hydrate 
does not melt completely, but undergoes a transformation at about 
19° to a lower hydrate, formed in very small quantity, and its 
saturated solution, which has almost the same composition as the 
original crystals. 

Analysis of the crystals gave somewhat unsatisfactory results, 
since, owing to the low melting point and rapid deliquescence, it 
was difficult to secure a sample in a sufficiently dry state. After 
several trials, it was found best* to filter off a small quantity in a 
Gooch crucible without asbestos, and to break up the crystals in 
the crucible with a spatula while the suction continued. All 
attempts to dry the crystals with filter paper failed, owing to the 
rapid oxidising action on the paper, which resulted in the develop¬ 
ment of heat, and after a time led actually to charring of the 
paper. For analysis, the substance was weighed out and dissolved 
in water, and aliquot parts of the solution were titrated against 
arsenite for active chlorine and against silver nitrate and thio¬ 
cyanate for total chlorine after reduction of the hypochlorite with 
the correct amount of arsenite solution. The following analytical 
data refer to two specimens which gave for total chlorine quantities 
not greater than would be formed from the hypochlorite present, 
and were therefore free from chloride: 

Sample I, prepared hy twice recrystallising after fusion: 

1T147 gave active chlorine 0*4065=36*47. 

BUG (by difference) 0*6899 = 62*07. 
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Sample II, prepared by synthesis from the pentahydrate: 

0*5020 gave active chlorine 0*1807 = 35-99. 

H,0 (by difference) 0*3123 = 62-21, 

NaOCl } 7H s O requires active chlorine=35-36. El 2 0 = 62*88 per 
cent. 

Na0Cl,6H 2 0 requires active chlorine=38*85. H 2 0 = 59*21 per 
cent. | 

From these data, it would appear that Musprjatt’s hydrate is 
nearer in composition to a heptahydrate than to^ a hexahydrate. 
At the same time, the agreement with the heptahy’drate formula is 
by no means good, and it may he found on further investigation 
that more than one hydrate is present in the cry stalls prepared by 
Muspratt's method. * 

Sodium Hypochlorite Pentahydrate . 

When the cloudy liquid obtained by heating the heptahydrate 
to 20° is allowed to cool slowly to the ordinary temperature, large 
and well-formed crystals of a new hydrate are obtained. The 
crystals are greenish-yellow, and contain a considerable amount of 
mother liquor ; when they are broken up in an agate mortar, a 
separation of liquid takes place, and the powdered substance must 
be freed from this liquid by filtration through a Gooch crucible. 

When prepared in this way, the substance gave the following 
analytical results: 

Calculated for 
I. II. NaOCl,5H a O. 

Weight of substance -- 0-3482 gram 0-3786 gram —- 

Active chlorine ... 0*1473 0-1615 „ — 

„ percent. ... 42-32 42-66 43-10 

Cl as chloride ............... 0-0006 nil — 

Water (by difference) .. 0-1929 gram 0-2090 gram — 

„ per cent. 55-40 55-20 54*75 

Loss on heating ... 63-51 —r . 64*47 

The pentahydrate melts at 27°, and is thus, a much more practic¬ 
able substance than the heptahydrate. The fusion is in this case 
also somewhat cloudy, but the nature of the suspension cannot yet 
be definitely stated. Up to the present, a small amount of decom¬ 
position has always taken .place during melting. . The pentahydrate 
is very deliquescent, but the. crystals are not unstable at the 
ordinary temperature if kept in a well-stoppered bottle; a speci¬ 
men kept for more than a week in a corked test-tube in a well- 
lighted laboratory showed no measurable increase in chloride con¬ 
tent, although some deliquescence had taken place. 

The mother liquor from which the pentahydrate has separated 
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may be made to give a further yield of pentahydrate by freezing 
out heptahydrate, beating tbe latter to 20°, and allowing to 
crystallise as before. By tbis procedure, there is no difficulty in 
converting at least 50 per cent, of tbe heptabydrate into tbe corre¬ 
sponding amount of pentahydrate. 

Sir Leqline Jenkins Laboratory, 

Jestts College, 

Oxford. [Received, August Qth , 1019.] 


XCVII. — Capsaicin . Part J. 

By Arthur Lapworth and Frank Albert Boyle. 

Capsaicin, the pungent principle of tbe fruit of various species of 
the genus Capsicum, was first isolated in crystalline form by Thresh 
(Pharm. J., 1876, [in], 7, 21, 259, 473; 1877, 8, 187) and assigned 
by him the formula C 9 H 14 0 2 . Micko ( Zeitsch. Nahr. Genussm., 1898, 
818) showed that tbe substance contained nitrogen, and as a result 
of analyses and molecular-weight determinations deduced the 
formula C iS H 2s O s lSr. • 

Thresh showed that capsaicin is a phenol, but did not discover 
any other very marked chemical characters; Micko, whose contribu¬ 
tions are probably of most importance amongst those of subsequent 
investigators, established the fact that the molecule of capsaicin 
contains on© phenolic hydroxyl group and one methoxyl group, and 
this, on the basis of his empirical formula, leads to the expression 
C 17 H 2 40 N(OH) (O• CH 3 ) for the substance. Micko prepared the 
indifferent benzoyl derivative and observed that under certain condi¬ 
tions capsaicin undergoes slight decomposition, emitting a faint 
odour reminiscent, of vanillin. 

A comprehensive bibliography of the subject is given in Thorpe’s 
“ Dictionary of Applied Chemistry ” (1913, 4, 559). 

The present authors began the investigation of the subject in 
1914, at which time the only significant data bearing on the chemi¬ 
cal nature and structure of capsaicin were the facts above cited. 
Their study was greatly retarded by other work arising out of the 
war, and in view of this fact, and especially as the active interest 
in compounds with pungent characters has been manifested in coun¬ 
tries where scientific research has had no such serious setback as here, 
it is thought desirable to place on record the progress which has now 
been made. 

The authors have examined various methods previously used for 
isolating pure capsaicin from the crude extract made from the seeds 
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and have worked out a process which combines a number of devices 
some of which are based on details of the processes suggested by 
previous workers, but as a whole appears especially simple in prac¬ 
tice. 

The properties of capsaicin which have been described by Thresh, 
Micko, and by Nelson ( Ghem . News, 1911, 103, 111) have been 
confirmed in all essential details, but the analyses made have con¬ 
sistently pointed to the formula C 18 H 27 0 3 N or 
C 17 H 23 0N(0H)(0*CH 3 ), 

and not that proposed by Micko, which contains one more atom of 
hydrogen and is inconsistent with the normal valencies of these four 
elements in carbon compounds. 

The methyl derivative, C 17 H 23 0N(0*CH 3 ) 2 , hereafter termed 
meihylcapsaicin, has been prepared and characterised; it is non- 
phenolic and is much less pungent than the parent substance. 

Both capsaicin and methylcapsaicin are feebly basic. They are 
extremely stable towards hot concentrated alkali hydroxides, but 
are very slowly attacked by hot acids; the products of hydrolysis 
have not been determined, but ammonia is always one of them, 
methylamine being entirely absent. The action of phosphorus 
pentachloride on methylcapsaicin yields a small quantity of a .vola¬ 
tile, nitrogenous oil; this the authors suspect to be the nitrile of a 
fatty acid, but have not yet had the opportunity of examining it 
closely. i 

Most attention has been paid, in the first instance, to the action 
of reducing agents, many of which evidently attacked capsaicin to a 
certain extent (as was evidenced by the ready formation of ammonia 
or ammonium salts), without any obvious general destruction or 
charring. 

Erom the more highly purified capsaicin, reduced by means of 
sodium and ethyl alcohol, ammonia was obtained and also, among 
other products, a small quantity of a compound, the bulk of which 
boiled at, about 216—217° and had the odour and general properties 
of a fatty alcohol. 

Oxidation of methylcapsaicin takes place readily, and among other 
products veratric acid, 0 6 H 3 (0Me) 2 *CO 2 H, was the most readily 
recognised. There was also formed a fatty acid, of which scarcely 
sufficient was obtained to identify with complete certainty. 

Even disregarding such of the above considerations as are yet not 
fully substantiated, it is probable that capsaicin is a CMisubstatuted 
derivative of on© of the isodynamic forms of dihydro-oxazole: 


oh s <^.+-> c: 
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Experimental. 

Isolation of Capsaicin . 

Tlie ordinary alcoholic extract of capsicums consists mainly of 
gum or dextrin-like compounds, soluble in "water, together with sub¬ 
stances which have the characters of saturated and unsaturated 
carboxylic acids, and relatively small amounts of fats. 

In order to> isolate capsaicin from this mixture advantage is taken 
of the fact that capsaicin does not form a stable barium salt when 
it is brought into contact with aqueous barium chloride which has 
been rendered ammoniacal. In the same circumstances, however, 
the free carboxylic acids present in the extract are mainly precipi¬ 
tated as barium salts which are for the most part insoluble in water, 
alcohol, or ether, or, more especially, in acetone. The gum-like 
substance present remains dissolved in the water, which retains only 
traces of capsaicin easily recovered by extraction with ether, and 
the bulk of the active principle, together with the fats, is found in 
the precipitate. On extraction of the precipitate with alcohol or 
ether the capsaicin and fats dissolve, whilst the bulk of the barium 
salts are insoluble. These operations, by eliminating the dextrin 
and fatty acids, effect a great reduction in the built of material to 
be handled. 

The following are the details of this part of the isolation process 
which the authors have applied to numerous samples of extract of 
West African capsicums kindly prepared for them by Messrs. James 
Woolley, Sons and Co., of Manchester. 

The extract (450 grams) is mixed with hot water (900 c.c.) and 
ammonia (25 c.c .; D Q'880) previously diluted with several times 
its bulk of cold water. On stirring, the whole forms an apparently 
homogeneous solution ; it is heated on the water-bath and 90 grams 
of finely powdered hydrated barium chloride are sifted in very 
slowly with constant stirring. At this stage the liquid, which con¬ 
tains much brown, semi-fluid deposit, and should have a strong 
odour of ammonia, is allowed to cool and is separated mechanically 
from the bulk of the insoluble deposit, filtered, and extracted with 
ether. The ether is further utilised to extract the deposit, although 
the latter is subsequently washed several times with fresh ether in 
order to secure the whole of the contained capsaicin. The united 
ethereal extracts are evaporated and provide usually about 50— 80 
grams of “ concentrated extract” of capsaicin. 

The most satisfactory method of proceeding to the isolation of 
capsaicin from this “ concentrated extract ” is to subject it at once 
to treatment with methyl-alcoholic .barium hydroxide in order to 
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destroy impurities of fatty nature. For this purpose the extract is 
dissolved in several times its weight of methyl alcohol, the solution 
heated to boiling, and finely powdered barium hydroxide sifted in at 
intervals until the solution remains alkaline without further addition 
after several hours’ boiling. Glacial acetic acid is now added cauti¬ 
ously until the solution has permanently lost all alkalinity (towards 
pkenolphthalein), when the methyl alcohol is removed by distilla¬ 
tion. The residue is now extracted repeatedly with dry acetone, and 
the latter recovered by evaporation, when the residue contains prac¬ 
tically the whole of the capsaicin which was present in the original 
extract. A repetition of the last process of extraction with dry 
acetone is perhaps as a rule desirable, as the whole success of the 
application of this solvent for the removal of barium salts depends 
on the exclusion of moisture, which is not easy to secure in the first 
operation. 

The residue still contains traces of impurities of both neutral and 
acid character. It is subjected to treatment similar to that applied 
by Thresh to a much more impure material (JPharm. </., 1876, [iii], 
7, 260), that is to say, it is dissolved in aqueous sodium hydroxide 
(5 per cent.), the solution extracted with ether to remove traces of 
neutral material and then saturated with carbon dioxide, when the 
precipitate is isolated by extraction with ether. The precipitate 
yields capsaicin in crystalline form most readily by a device 
also employed by Thresh and applied by the present authors as 
follows: .. . 

Crude capsaicin (10 grams) is dissolved in aqueous sodium hydr¬ 
oxide (100 c.c. of 2 per cent.) and warmed on the water-bath until 
the temperature is about 60°. A warm saturated solution of am¬ 
monium chloride is then gradually added until a permanent tur¬ 
bidity is produced. On cooling, crystalline capsaicin is. deposited, 
and may be collected. The mother liquor is again treated with 
ammonium chloride solution until the deposition of capsaicin ceases. 


Properties of Capsaicin-. 

Many of the more evident properties of capsaicin have already 
been described by previous workers, and in view especially of the 
accurate descriptions given by Micko (loc. cit.) and Nelson (loe . cit.) 
Ahly.a few "additional notes are necessary here. 

.The most highly purified specimens of capsaicin melted, at 64—65°. 
The substance appears to be optically inactive; a solution containing 
T2146 grams dissolved in benzene and made up to 20 c.c. showed WO 
appreciable rotatory power in a 3-dcm- tube at 15°, 
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Analyses of several pure samples were carried out: Found: 
C= 71*02, 70-97, and 70*88; H=8*90, 8*85, and 9*01; N = 4*7. 

C i8 H 27 O a N requires C = 7G*82; H = 8*85; N = 4*6. 

Cjs^gOjN „ C = 70*59; Ii = 9*15; N = 4*6. 

C I8 H 29 0 3 N requires C = 70*35; H=9*44; 1ST = 4*6 per cent. 

For the determination of hydroxyl, 0*2437 gram was treated with 
magnesium methyl iodide in amyl ether, .23-2 c.c. of methane were 
evolved at 70° and 770 mm.; whence OH— 5*3, the theoretical per¬ 
centage being 5*6. 

Capsaicin is sparingly soluble in concentrated hydrochloric acid, 
and the saturated solution deposits it in crystals on the addition of 
water. It is scarcely affected when boiled for several hours with 
50 per cent, aqueous sodium hydroxide, but is appreciably decom¬ 
posed after several hours' heating with concentrated hydrochloric 
acid. 

Methylcapsaicin, C 17 H 23 0N(0*CH 3 ) 2 . 

This compound is prepared by dissolving capsaicin and methyl 
sulphate in methyl alcohol and then slowly adding excess of a solu¬ 
tion of sodium hydroxide while the whole is kept cool. After half an 
hour or more the bulk of the solvent is removed, the neutral methyl- 
capsaicin separated from the residual aqueous solution by filtration 
or by extraction with ether, washed, and crystallised from dilute 
alcohol. * 

Found: C = 71*39; H = 9*16. 

C 19 H 29 0 3 N requires 0 = 71*47; H = 9*09 per cent. 

Methylcapsaicin dissolved readily in most of the ordinary organic 
media with the exception of cold light petroleum; it is insoluble in 
water or alkali hydroxides. It crystallises from dilute alcohol in 
slender, silky needles melting at 74°, and is much less pungent than 
capsaicin, ; 

This derivative appears to be slowly altered by boiling with acetyl 
chloride and it reacts with phosphorus pentachloride below 100°, 
yielding an oil containing nitrogen, which is volatile in steam and 
has an odour suggesting that of many nitriles. The authors propose 
to study the products of this reaction in greater detail in the near 
future, Methylcapsaicin does not appear to react with phenylhydr- 
asine, and it is recovered unaltered after prolonged boiling with 
alcoholic hydroxyiamine acetate. 

Reduction of Capsaicin. 

Both capsaicin and its methyl ether are attacked by: many "com¬ 
paratively 'mildreducing 'agents, but, as a rule, imperfectly. ; Am-. 
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mania is always on© of the products of change, but methylamine has 
never been detected even in traces. Numerous experiments have 
been made with the object of identifying the main products, but 
owing to the small quantities of capsaicin attacked the results were 
not very decisive. In one experiment, however, 10 grams of cap¬ 
saicin were treated with a very large excess of metallic sodium in 
boiling alcohol; the dissolved sodium was precipitated from the 
resulting solution as carbonate with the aid of a stream of carbon 
dioxide and the bulk of the solvent removed by distillation through 
an efficient still-head. Ammonia,'free from all traces of methyl- 
amine, passed over with the alcohol. From the residue in the still 
there was isolated without great difficulty nearly half of the cap¬ 
saicin originally taken and also a small quantity of a liquid, volatile 
in steam, having a somewhat fragrant odour of higher fatty alcohols. 
The bulk of this liquid boiled at about 216—217°. As the quantity 
obtained did not admit of purification for analysis the fraction 
216—217° was oxidised by means of dichromate and sulphuric acid 
mixture; the resulting fatty acid was extracted with ether, boiled 
with thienyl chloride, and the product shaken with concentrated 
aqueous ammonia. The amide of the acid was obtained in this way, 
and after recrvstallisation from water appeared as silvery leaflets 
melting at 98—-i00°. 

Oxidation of M ethyl capsaicin with Potassium Permanganate . 

Pure methylcapsaicin (10 grams) was dissolved in 3 litres of ace¬ 
tone and finely powdered potassium permanganate was very gradu¬ 
ally added until a permanent pink tinge persisted in the solution— 
this operation occupied about two days—-the temperature of the solu¬ 
tion never being allowed to exceed 25°. The manganese dioxide was 
filtered off and washed repeatedly with acetone, the washings being 
added to the main filtrate and then evaporated. 

The residue so obtained, which consisted of a viscid, reddish-brown, 
semi-solid oil, was subjected to steam distillation from acid solution. 
The distillate contained a very small quantity of a fatty acid, which 
was isolated inthe usual manner; it was converted into its amide 
and gave a crystalline product, which melted at 98—-99° and was 
apparently identical with that obtained from the oxidation of the 
alcohol referred to in the previous experiment, but the yield was 
extremely small and did not amount to more than O'05 gram. 

The residue, non-volatile in steam, was rendered alkaline with 
sodium carbonate and then extracted with ether. The ethereal solu¬ 
tion yielded slightly more than 5 grams of unchanged methylcap- 
saiem. The sodium carbonate solution after removal of the methyl-! 
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capsaicin gave nearly 2 grams of an acid, which readily crystallised 
from hot water in hard, flat needles melting at 179—180°. This acid 
yielded a chloride melting at 69° and an amide melting at 163°. 
Veratric acid, chloride, and amide melt at 70° and 164° respectively, 
and when mixed with the above products from methylcapsaicin were 
unchanged in melting point. The acid was dried in the steam-oven 
and analysed. (Found, C —59'4; H = 5‘4. C a H 1Q 0 4 requires C = 
59*3 3 H = 5‘5 per cent.) 

There is therefore no doubt that the acid was veratric acid. 


Oxidation of Methylcapsaicin with Chromic Acid. 

Methylcapsaicin was oxidised by a boiling solution of chromic acid 
in dilute sulphuric acid. The liquid was then subjected to a current 
of steam and oily drops passed over. The whole of the distillate was 
rendered alkaline with sodium carbonate and evaporated almost to 
dryness; it was then carefully acidified and an oily acid was liberated 
which was extracted with ether. The product had a strong odour of 
acetic acid and was therefore exposed over solid potassium hydroxide 
in a desiccator for several days. The odour of the acetic acid dis¬ 
appeared and gave place to a rather pleasant one recalling that- of 
M-nonoie acid. The colourless oil ultimately obtained was cooled in 
ice-water, when it readily solidified to a crystalline mass which 
melted sharply at 12° (nonoic acid melts at 12*5°). It also yielded 
an amide melting at 98—99°, which was in no respect distinguish¬ 
able from the amide of w-nonoic acid prepared from the pelargonie 
acid of commerce. 

The investigation is being continued. 

Chemical Laboratories, 

The University, 

Manchester. [Received, July 25th, 1919.] 

Note. —Since the work recorded in the foregoing pages was com¬ 
pleted, the authors’ attention was called to the paper by Nelson 
(./. Amer. Chem. Soc., 1919, 61 , 1115), which renders certain of 
their previous view’s obsolete. 

Inter alia, Nelson has obtained from capsaicin by the action of 
acids and alkalis under pressure vanillylamine and a decylenic acid, 
the latter having a branched chain. He concludes that capsaicin is 
a condensation product of vanillylamine and a decylenic acid. 

The present authors at first suspected that the fatty acid 
repeatedly referred to in their own . communication was/ identical 
with this decylenic acid. They obtained their acid in. very small 
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quantities, and the quantity of amide available for a combustion was 
only O' 0921 gram (Found, 0 — 68‘7; H= 12‘3. C 9 H 19 ON requires 
C = 68 ’8; H = 12T per cent.), whilst its properties as well as those 
of its amide closely resembled those of -n-nonoic acid; thus when 
super-cooled the acid at once solidified when seeded with w-nonoic 
acid, and the, amide, as already mentioned, could not be dis¬ 
tinguished by appearance or by a mixed melting-point determina¬ 
tion from the amide of n-nonoic acid. 

Since the authors’ attention was called to Nelson’s work, the sup¬ 
posed nitrile obtained directly from methylcapsaicin by the action 
of inorganic acid chlorides has successfully been converted by means 
of hydrogen peroxide and dilute sodium hydroxide at 40° into an 
acid amide melting at 98—100°. 

The present authors are not fully disposed to accept Nelson’s view 
of the constitution of capsaicin as final. His conception of capsaicin 
as an acid amide is not easily reconciled with the somewhat ready 
reduction of a part of capsaicin to ammonia and an aliphatic alcohol 
boiling at about 216—217°; its distinctly basic character and the 
great stability of the substance towards alkalis are also somewhat 
difficult to understand. They originally hazarded the view that 
capsaicin was probably a derivative of dihydro-oxazole, and the 
possibility is not wholly excluded that capsaicin is built with a 
ring' structure such as 

.NH-CH 

< I! 

\o— OC s H ir ' 

for under the energetic conditions used by Nelson internal oxidation 
or molecular rearrangement would not be surprising. * 


HO <_> 

CEVO 


XCVII.L —The Vapour Pressures and Densities of 

Mixtures of Acetone and Methyl Ethyl Ketone . 

By Tudor "Williams; Brice. 

Much work,. both, theoretical'And-., practical, has been done on the 
vapour pressures of binary mixtures, notably by Buhem, Lehfeldt, 
Ostwald, Roozeboom, Zawidski, and Young. It has been shown 
that for binary mixtures the components of which are miscible in 
all proportions, the vapour pressure at any one temperature may 
lie between those of the components; it may be higher or lower 
that of ither component. 
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If, however, the two components are closely related, the curvature 
of the graph, representing the relation between vapour pressure and 
concentration for any particular temperature, should not be great. 
According to Guthrie {Phil. Mag., 1884, [v], 18, 517), if there is 
no heat or volume change on mixing the two components, the rela¬ 
tion between vapour pressure and percentage composition by weight, 
expressed graphically, should be a straight line, but this does not 
generally hold. 

Van der Waals {Proc. K. Akad. Wetensch. Amsterdam, 1900, 
3, 170) considers that, if the critical pressures of the two substances 
are equal or nearly so, and if the molecular weight of each is 
normal in both the liquid and gaseous states, and if the relation 
suggested by Galitzine and by Berthelot holds good, that is, if 
a i • 2 ~ v / «i • a 2 i where a x . 2 represents the attraction of the unlike 
molecules, and a x and the attraction of the like molecules, then 
the relation between the vapour pressure and molecular composition 
should be represented by a straight line, that is> 

Z5 _p.P A + (100-p)P B 
100 


where P, P A , and P B are the vapour pressures of the mixture and 
the two components A and B at the same temperature, and p is the 
molecular percentage of liquid A in the mixture. 

This relation has been verified many times, notably by Young, 
for mixtures such as chlorobenzene and bromobenzene, which are 
closely related. When the components are very closely related, 
but have different critical pressures, the percentage difference 


between the observed and calculated pressures 


100 P'-P 
P 


for the 


mixtures at any temperatures is very small, even when there is 
molecular association in the liquid state, as with methyl and ethyl 
alcohol. 

During the course of experiments on the production of cordite, 
using methyl ethyl ketone as substitute in whole or in part for 
acetone as the gelatinising agent, it was found that some abnormali¬ 
ties were obtained in the volatility of the samples. For example, 
a cordite gelatinised by a mixture of equal proportions by weight 
of acetone and methyl ethyl ketone had a lower volatility than 
cordite made with acetone or with methyl ethyl ketone. This 
showed that the cordite gelatinised with, the mixed solvent dried 
quicker than the others, presumably owing to the fact that the 
50 per cent* mixture of acetone and methyl ethyl ketone lias a 
greater vapour pressure than either of its two components. 

This supposition, although unlikely because of the close relation- 

VOL. OXV. * T T 
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ship between acetone and methyl ethyl ketone, is not outside the 
bounds of possibility, owing to the great difference between their 
critical pressures, which are given as 52‘2 and 60'0 atmospheres for 
acetone (Sazotschewsky, in Landolt and Born stein’s “Tabellen '"} 
and 47'5 atmospheres for methyl ethyl ketone (Grassi, Nuovo (Jim., 
1914, [vi], 7, i, 313). 

It was recognised that vapour-pressure measurements of the pure 
solvents and their mixtures would not. furnish an absolute guide 
to the rate of escape of solvent from cordite on drying, because of 
the colloidal nature of the latter, but it was thought- that such 
measurements would throw some light on the abnormal behaviour 
of cordite made with mixed solvent when being dried. Accord¬ 
ingly, a series of vapour pressure determinations were carried out, 
the results of which are given below. 

Experimental. 

Materials .—The acetone was prepared from commercial acetone 
as follows. After drying and fractionation, it was treated with 
sodium iodide according to Shipsey and Werner’s method (T., 1913, 
103, 1255). The white, needle-shaped crystals of the additive 
compound, NaI,3C 3 H 6 0, were quickly collected, pressed between 
blotting-paper, and transferred to a dry distilling flask. On gently 
warming, the acetone distilled over. The distillate was dried over 
fused calcium chloride for twenty-four hours and distilled through 
a five-bulb column. The fraction 56*15—760 mm. was 
collected separately, dried again over fused calcium chloride for 
twenty-four hours, and fractionated as before. Practically all dis¬ 
tilled constantly at 56‘2°/760 mm. (corr.). 

A sample gave the following results on analysis: 

Acidity as C0 2 .... = 0*0012 per cent. 

. ,» acetic acid ... = Nil. 

Alkalinity as N/10-HjSO* c.c. ...... = Nil. 

Turbidity with water ............ = Nil. 

Residue on evaporation .. = 0*0003 per cent. 

Permanganate test. ,.==■ 50 minutes. 

The methyl ethyl ketone was freed from acetone by two washings 
with saturated brine, in which it is not very readily soluble. The 
purified ketone was dried over fused calcium chloride and fraction¬ 
ated through a* five-bulb column. The fraction distilling at 
78—80° was dried and fractionated again. Prom this second distil¬ 
lation, a fraction boiling at 79—80° was collected separately, dried, 
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and again fractionated. In this way, a final fraction was obtained 
boiling at 79*5—79- 6°/759 mm. (corr.). The boiling point of 
methyl ethyl ketone is given as 79*57°/760 mm. (Marshall, T., 1906, 
89, 1375). 

A sample gave the following tests on analysis: 


Aldehydes..... = Nil. 

Acidity as CO.,. = 0-0002 per cent. 

Alkalinity as A/10-H,SO 4 c.e. = Nil. 

Permanganate test... = 20 minutes. 


The liquids were kept in tightly stoppered bottles in a dark cup¬ 
board. 

Apparatus ,—The apparatus used was designed by Mr. Allan 
Morton {private communication). 

It consisted of two similar barometer 'tubes connected at the 
bottom by a T-piece to each other and to a mercury reservoir, 
which could be raised or lowered at will. The top of each tube 
was sealed to a piece of capillary tube, longer than the barometer 
tube, which was bent over parallel to the barometer tube to which 
it was sealed. The bottom of each capillary tube was bent over 
again and dipped into small cups of mercury. 

The barometer tubes were surrounded by a wide glass tube con¬ 
taining water, which was circulated and stirred by compressed air 
and kept at a constant temperature. 

The method of procedure was as follows. Recently boiled 
mercury was placed in the reservoir, which was then raised until 
the mercury filled the barometer tubes and the capillaries and over¬ 
flowed into the cups. The reservoir was then lowered and the 
mercury column broke at the junction of the capillaries with the 
barometer tubes, thus forming a vacuum in the latter. This was 
repeated until no air was left in the tubes and a perfect vacuum 
obtained. 

The liquid the vapour pressure of which was to be measured was 
then placed above the mercury in one of the small cups. The 
mercury reservoir was raised until mercury overflowed into the 
cups. The cup with the liquid was then moved until the end of 
the capillary was in the liquid above the mercury. On lowering 
the reservoir, some of this liquid was drawn into one of the baro¬ 
meter tubes. By this means, the latter contained the necessary 
liquid and its vapour, whilst the other tube acted as a barometer. 

A slight modification was found to be necessary for accurate 
work. As described by Morton, the capillary tubes are outside the 
water-jacket, and are consequently at a lower temperature than the 
observation tube. Liquid from the observation tube therefore 
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distils over and condenses above the mercury in the capillary tube, 
thus causing an appreciable alteration of the concentration in the 
case of a mixture. This difficulty was overcome by making the 
water-jacket wider, so as to contain the capillary tubes and to keep 
them at the same temperature as the observation tube. 

Two thermometers were used in the work, one reading from, 0° 
to 50° in tenths, and the other from 50°' to 100° in tenths. These 
were carefully standardised by comparison with thermometers which 
had recently been tested at the National Physical Laboratory, and 
could easily be read to 0 - 01°. The temperature of the water 
surrounding the observation tubes was kept constant to within 0*05°, 
and all readings of the mercury and solvent levels were taken 
through a caihetometer. 

A quantity of liquid remained in the observation tube above the 
mercury, and for this a correction had to be applied, obtained from 
the densities of the mixtures at the -required temperature. 

The densities were determined in a Regnault specific gravity 
bottle for liquids, of about 50 c.c. capacity, fitted with a capillary 
stem widening out into a cup-shaped reservoir fitted with a ground- 
glass stopper. All weighings were done on a balance sensitive to 
O'0001 gram with, standardised brass weights, and in the neighbour¬ 
hood of 760 nun. pressure, and hence no correction was made for 
changes in atmospheric pressure. The balance case was kept dry 
by means of dishes containing calcium chloride, so that no correc¬ 
tion was made for the relative humidity of the air. 

A counterpoise of the same kind of glass and of the same shape 
as the specific gravity bottle was used in all weighings, and all 
weights were reduced to a vacuum. 

The thermostat was provided with a thermoregulator and 
mechanical stirrer, and could be kept at the desired temperature 
within 0*05°. 

For the pure liquids, determinations were made in duplicate • 
these agreed very closely, and the mean is given. For the mix¬ 
tures, determinations were carried out in duplicate on the same 
solution, there being not sufficient material to make up two 
separate solutions of the same concentration. 

Results .—The vapour pressures obtained are given in table I. 
Each figure is the mean of three or four determinations at the 
same temperature, which agreed very closely. 



MIXTURES OF ACETONE AND METHYL ETHYL KETONE. 1121 


Table I. 

Vapour Pressures of Mixtures of Acetone and Methyl Ethyl 
Ketone at Various Temperatures. 


Composition of mixture. 


Percentage of 
acetone by 
weight. 

Molecular 
percentage of 
acetone. 

Vapour pressure in mm, at following 
temperatures. 

20° 

25° 

30° 

35° 

40° 45° 

50 c 

100 

100 

186-3 

232-0 

284-6 

348-1 

425-3 510-8 

620-1 

75 

78-83 

167-8 

— 

255*5 

— 

379-1 — 

548-i 

62-5 

67-42 

161-8 

— 

243-3 

— 

354-0 — 

508“! 

50 

55*38 

155-5 

— 

226-5 

— 

327-S — 

469-' 

37-5 

42-69 

141-3 

— 

205-8 

— 

299*6 — 

430-; 

25 

29-27 

125-5 

— 

183-5 

— 

267-4 — 

388*: 

12-5 

15-06 

109-9 

— 

160-6 

—. 

234*2 — 

341-1 

0 

0 

77-5 

98-4 

121-4 

151-0 

188*4 252-9 

300-1 


fat 

46-5°) 


These results are shown graphically in Figs. 1 and 2. Fig. 1 
shows the relation Between vapour pressure and concentration (by 
weight) over the whole range from pure acetone to pure methyl 
ethyl ketone at the temperatures indicated, whilst Fig. 2 shows the 
relation between vapour pressure and temperature for the pure 
substances and all the mixtures. 

The densities are given in table II. 


Table II. 

Densities of Mixtures of Acetone and Methyl Ethyl Ketone at 
Various Temperatures. 

Composition of mixture. 


Percentage of Molecular Density at following temperatures, 

acetone by ' percentage of , ^---—- ; — -- 


weight. 

acetone. 

20°/4.° 

30 o /4°. 

4074°. 

50°/4°. 

100 

100 

0-79082 

0-77931 

0-76784 

0-75599 

75 

78-83 

0-79428 

0-78311 

0-77181 

0*76020 

62-5 

67-42 

0-79603 

0-78495 

0-77368 

0-76233 

50 

55-38 

0-79782 

0-78677 

0-77567 

0*76439 

37-5 

42-69 

0*79956 

0-78869 

0*77776 

0-76664 

25 

29-27 

0-80135 

0-79061 

0-77982 

0*76877 

12-5 

15-06 

0-80314 

0-79249 

0-78173 

0-77084 

0 

0 

0-80495 

0-79442 

0-78391 

0-77315 


Discussion of Results.—^ The accuracy of the results obtained in 
the vapour pressure measurements may be gauged by comparing 
them with results obtained by other workers. Table III affords "a 
comparison of the various results given for acetone. 
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Table III. 


Showing Results obtained for the Vapour Pressure of Acetone 
by Various Workers . 

Vapour pressure of acetone in ram. of mercury. 


Temperature 

Author. 

Regnault. 1 

Sameshima. 2 

Taylor. 

20* 

186-3 

179-6 

184-8 

182-5 

25 

232-0 

— 

229-2 

229-0 

30 

284-6 

281-0 

282-7 

281-0 

35 

348-1 

— 

346-4 

343-0 

40 

425-3 

420-2 

421-5 

416-0 

45 

510-8 

— ■ 

510-5 

505-0 

50 

620-9 

620-9 

612-5 

607-0 


1 Obtained from Landolfc and Bornstein’s “ Tabellen.” 

2 (/. Amer. Chem. Soc., 1918, 40, 1482. 

3 J. Physical Chem., 1900, 4 , 436. 


The agreement between the present- results and those of Sameshima 
is good, except at 50°, at which temperature better agreement is 
obtained with Regnault. 

The results show, however, that the apparatus is capable of 
giving accurate results, and does away with the necessity of using 
stopcocks, with their attendant troubles due to leakiness and the 
presence of grease. The chief source of error is the possibility of 
the liquid absorbing air before being carried over into the observa¬ 
tion tube. With pure liquids, this possibility can be obviated to 
a large extent by boiling immediately before introduction, but with 
mixtures this procedure would alter the concentration, and hence 
the above possibility must not be neglected. 

As regards methyl ethyl ketond, no figures have been found in 
the literature for the vapour pressure at temperatures between 
20° and 50°. 

An examination of Fig. 1 shows that the vapour pressure-con¬ 
centration curves lie between the vapour pressures of the two com¬ 
ponents at all temperatures, thus negativing the suggestion that 
there might be a mixture of acetone and methyl ethyl ketone having 
a higher vapour pressure than either component. Hence the ex¬ 
planation of the abnormality of the volatility of cordite gelatinised 
with a mixture of equal parts of acetone and methyl ethyl ketone, 
based on the above suggestion, is unfounded. 

The graphs in Fig. 1 are not straight lines, hut they approximate 
thereto, and this approximation is nearer as the temperature is 
increased. The deviation from a straight line, for the curve at 
50°, is given in table IV by comparing the observed vapour 
pressures of the mixtures with those calculated according to the 
expression P~m. P x -f (100 -m)P H 

: ^■ ■■■A-■ d':- 1 ; ' 
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where m is the molecular percentage of acetone in the mixture and 
P a and J? B are the vapour pressures of acetone and methyl ethyl 
ketone respectively. P ! is the observed vapour pressure of the 

mixture and JlOO is the percentage difference. 

Fig. 1. 

Showing relation between vapour pressure and composition [by 
weight) of mixtures of acetone and methyl ethyl ketone 



Methyl ethyl ketone. 

0% 25% 50% . 75% 100% 

Composition {by weight)* 


Curve I. at 20° j Curve III. at 40° 

„ II. ,30 j „ IV. „ 50 


Table IY. 

Difference between Observed and Calculated Vapour Pressures of 
Mixtures of Acetone and Methyl Ethyl Ketone at 50°. 


Molecular 
percentage of 

Observed v.p. in. 

Calculated v.p. 
in mm. of 

100 (P-P') 

acetone. = m. 

mm. of Hg— P'. 

Hg — P. 

P'. 

78-83 

548*2- 

553*0 

+0*88 

67*42 

508*4 

516*3 

-fl*55 

55*38 

409*7 

477*7 

-fl*70 

42*69 

230*2 

437*0 

4-1*58 

29*27 

388*1 

, 393*9 

+ 1*50 

15*06 

341*9 

348-3 

+ 1-87 
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The maximum deviation is about T9 per cent, In Fig. 2, the 
curves have the familiar shape associated with vapour pressure- 
temperature curves, and when the logarithms of vapour pressure 
are plotted against temperature for each mixture and for the pure 
solvents, the resulting graph is practically a straight line. 

There is a considerable difference in the figures given in the 


Fig, 2. 

Showing relation between temperature and vapour pressure for 
mixtures of acetone and methyl ethyl ketone. 



Temperature. 


Curve T. = Acetone. Curve V.= 37i% Acetone (by wt.) 

„ II. ==75%- Acetone (by rvfc.) „ VI. = 23 ,, 

„ HI.®624% » „ „ „ VII.— 124% „ „ 

*» IV. = 50% „ „ ■ „ I „ VIII. = 100| Methyl ethyl ketone. 

literature for the density of acetone. Thus Perkin (T., 1884, 45, 
478) givesD]! 0*79652, which is. equivalent to D a 0*79072. 

Linnemann (T., quoted by Perkin) gives D 1 ^ 0*7975 or Df 0*79170, 
Perkin’s value is considerably lower, and was obtained with acetone 
purified by the sodium hydrogen sulphite method and boiling at 
55*6—55*9°. McElroy and Krug (/. Soc. Chem. Ind., 1893, 12, 

, 177) give Iff 0*79197. Squibb (J. Amer. Chem. Soc., 1895, 17, 
200) gives D]js 0*7966 or D^ 0 0*7908. This value agrees closely with 
that obtained by Perkin. Bramley (T., 1916, 109, 455) obtained 
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the value Df 0"7912. Thus the range of published figures varies 
from 0 - 73072 to 0-79197 for the density of acetone at 20°/4°. The 
result obtained in the present work is the mean of two which agreed 
exactly, namely, 0-79082. The specific gravities in this work are 
given to five decimal places, by which is meant that they are 
correct to four places, the fifth figure being doubtful in each case. 
It will be seen, therefore, that- excellent agreement is obtained with 
the result of Squibb (Df 0'7908) and with that of Perkin 
(Df 0*79072). 

The results for the density of acetone at other temperatures 
agree well with those obtained by Bramlev (loc. tit.), as shown in 
the following table. 

Table V. 

Comparison of Results for Density of Acetone at Various 
Temperatures. 

Density. 


Temperature. Author. Bramley. 

20°/4°, 0-79082 0-7912 

30°/4° 0-77931 0-7793 

40°/4° 0-76784 0-7674 

5074° 0-76599 0-7565 


The density of methyl ethyl ketone is given by Marshall (T., 
1906, 89, 1376) as 0‘81005 at 15°/4°, Extrapolation from the 
results obtained by the present author gives 0‘8101, which agrees 
very well with Marshall’s figure. 

The density-concentration curves are all straight lines parallel 
to each other, thus showing that there is no contraction or 
expansion in volume on mixing acetone and methyl ethyl ketone 
at any of the temperatures 20° to 50°. 

The density-temperature curves for the pure liquids and for the 
mixtures are also'practically straight lines, the curvature being 
extremely slight. For acetone, the difference in density per degree 
over the whole range is 0-001161, and for methyl ethyl ketone it is 
0-00106. 

Summary. 

Vapour pressures and densities of acetone, methyl ethyl ketone, 
and mixtures of the two have been determined from 20° to 50°. 

The vapour pressure-concentration curves all lie between the 
vapour pressures of the components, there being no sign of a 
maximum at any point.' . 

.The density-concentration, curves ate straight lines, showing that 

VOL. OXV. U U 



1126 MORGAN AND EVENS: THE CONSTITUTION OF 


no change in volume occurs when acetone and methyl ethyl ketone 
are mixed in any proportions from 20° to 50°, 

In conclusion, the author’s best thanks are due to Messrs. Nobel's 
Explosives Co., Ltd., for whom the work was carried out, and to 
Mr. Wm. Rintoul, the Manager of the Research Section, for per¬ 
mission to publish the results. 

Tees Research Laboratories, 

Ardeer. [ Received , July 14f h, 1919 .] 


XCIX .—The Constitution of Internal Diazo-oxides 
(. Diazophenols ). Part II. 

By Gilbert T. Morgan and Eric Doddrell Evens. 

Earlier experiments on the nitrated ortho- and para-diazo-oxides 
of the benzene series showed that 4-nitrobenzene-l-diazo-2-oxide 
obtained by the diazotisation of 5-nitro-2-aminophenol has the pro¬ 
perty of forming dihydroxyazo-derivatives which yield metallic lakes 
having remarkably distinctive colours (Morgan and Porter, T., 1915, 
107, 645). 

In the present investigation the corresponding diazo-oxide of 
naphthalene has been examined from this point of view. The results 
afford an interesting comparison of the differences manifested 
between benzenoid diazo-oxides and their analogues in the naphth¬ 
alene series. 

4-Nitronaphthalene-l-diazo-2-oxide (I) was first obtained by 
Friedlander, who passed nitrous fumes into a solution of 2 :4-dinitro- 
a-naphthylamine in moderately concentrated sulphuric acid and 
added the diazo-solution to alcohol or water ( Ber 1895, 28, 1951). 

The product, which can be prepared in quantitative yield by the 
methods described in the present paper, has not hitherto been 
examined in any detail. This very stable internal diazo-oxide 
couples only with the more reactive phenols, such as resorcinol, 
phloroglucinol, and 1:3-dihydroxynaphthalene, and in these 
instances the formation of azo-compounds takes place not only in 
alkaline solutions but also, and with greater facility, in the pres¬ 
ence of strong acids, for example, in glacial acetic acid containing 
concentrated mineral acid, 

4z-A r itro-fi-naphthol-l-azoresorcinol (II) functions as ah acid mor¬ 
dant dye giving reddish-brown shades on wool which are changed 
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into lakes of characteristic colour by tlie action of metallic mor¬ 
dants (chromium, vanadium, copper, etc.): 


OH OH 





(III.) 


On prolonged boiling with ethyl alcohol either alone or in the 
presence of a metallic catalyst, 4-nitronaphthalene-l-diazo-2-oxide 
loses its diazo-group and becomes converted into i-nitro-fi-naphihof 
(III), the fourth isomeride to be discovered of the seven possible 
nitro- jS-naphthols, 

4-Nitro-j8-naphthol is less reactive than jS-naphthol. It is much 
less easily alkylated, and couples more slowly with azo-compounds. 
The 4-nitro-l-azo-£-naphthols, from benzenediazonium chloride and 
P'-nitrobenzenediazcnium chloride, are insoluble in aqueous alkali 
hydroxides, in this respect resembling the azo-jB-naphthols, the 
insolubility of which in aqueous alkalis is a matter of so much 
theoretical interest and industrial importance. The azo-dyes 
obtained from 4-nitro-A-naphthol differ considerably in colour from 
those derived from /3-naphthol. 

The diazotisation of 2:4-dinitroaniline in concentrated sulphuric 
acid has already been effected, and the results indicate that the 
nxtro-group is less readily removed than in the foregoing case of 
2 :4-dinitronaphthalene-l-diazonium sulphate. The elimination of 
a nitre-group from 2:4-dinitrobenzene-l-diazonium sulphate is not 
effected merely by dilution with water. In this instance it is neces¬ 
sary to neutralise the solution with alkali carbonate (Badische 
Anilin- & Soda-Fabrik, D.R-.-P., 14464G), When a soluble form of 
5-nitro-2-diazophenol is produced. Repetition of this experiment 
showed that the formation of this ortho-diazophenol is not quanti¬ 
tative. An insoluble product is obtained, the amount of which 
varies from 14 to 20 per cent, of the 2:4-dinitroaniline employed, 
This by-product, which is still under examination, is an ill-defined 
substance having the properties of an external diazo-oxide. It 
couples readily with either alkaline j8-naphthol or ^-naphthylamine 
in acetic acid solution. .A’-; 

' The soluble variety'' of' fi-nitro-S-dlazophenol. ■ contained ' in the 

U ¥ 2 
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clear, yellow filtrate from the foregoing insoluble product couples 
with aromatic m-diamines, phenols, naphthols, aminonaphthols, and 
their sulphonic acids. 

The azo-j0-naphthol thus obtained is identical with the compound 
produced from the insoluble 4-nitrobenzene-l-diazo-2-oxide (M. and 
I\, T., loe. eit.). 

o-JX’itrophenoi-'S-a-Eorcs&rcinol (IV), 

__OH OK 

n ° 2 \_/ n:n \ ^ >oh ’ 

(IV.) 

gives intensely coloured lakes on wool mordanted with metallic 
hydroxides. Similar dihydroxyazo-dyes are obtained from chromo¬ 
tropic acid and from aminonaphtholsulphonic acids coupled in alka¬ 
line solution. These colouring matters are extremely sensitive to 
metals, and are converted into green, purple, and blue lakes by the 
action of metallic mordants. . 


Summary . 

1. 2 :~4-Dmitronaphtlialene-l-diazonium sulphate is unstable in 
dilute acid and passes quantitatively into the sparingly soluble 
4-nitronaph.thalene-l-diazo-2-oxide, a very stable diazo-oxide yield¬ 
ing azo-derivatives only with difficulty. 

2. 4-Xitronaphthalene-l-diazo-2-oxide undergoes loss of the 
diazo-group with the production of 4-nitro-/3-naphthol. 

3. 2:4-Dinitrobenzene-1-diazonium sulphate is stable in dilute 
acid, but in neutral or slightly alkaline solution it yields the soluble 
o-nitro-2-diazophenoi together with an insoluble by-product. This 
soluble diazo-compound furnishes o-dihydroxyazo- and o-amino- 
hydroxy azo-dyes, giving intensely coloured lakes with metallic 
mordants. 

Experimental. 

J. Diazotisation of 2 : A-Diniiro-a-naph thylamine 
Sulphate. 

2 :4-Dinitro-a-naphthylamine, the starting point of this part of 
the investigation, was obtained in three different ways. 

I, Preparation from 2 -A-Dinitro-a-naphthol.- —Finely powdered 
o-naphthol (50 grams) was added, to 100 c.c. of concentrated sul¬ 
phuric acid and the mixture stirred until a clear solution was 
obtained. On heating this liquid on the water-bath for fifteen 
minutes, o-naphtholdisulphonic acid separated when the mixture 
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was cooled, and the solidified mass was dissolved in 250 c.c. of water. 
The cooled solution was added slowly to 60 c.c. of nitric acid 
(D 1*42), the temperature being maintained below 10°. The nitra¬ 
tion mixture was then slowly warmed to 100° and maintained at 
this temperature for fifteen minutes, the pasty mass being stirred 
continuously. After cooling, the pale yellow 2 :4-dinitro-a-naphthol 
was collected (m. p. 132°; yield, 83 percent.). 

The authors are indebted to Dr. L. G-. Paul for this process, in 
which the nitration is much more under control than when the 
nitric acid is added to solutions of a-naphtholdisulphonic acid. Pro¬ 
longed sulphonation on the water-bath led to a-naphtholtrisulphonic 
acid with subsequent formation of naphthol yellow S. 

Dinitro-a-naphthol (60 grams) and 700 c.c. of alcoholic ammonia 
saturated at 0° were heated for ten hours at 195—200° in a rotat¬ 
ing steel autoclave, the pressure attained being 39 kilos, per square 
cm. 2 :4-Dinitro-a-n aphthyl amine (40 grams) separated from the 
alcoholic solution on cooling; the filtrate contained the ammonium 
salt of 2:4-dinitro-a-naphthol together with tarry impurities. When 
crystallised from glacial acetic acid, 2:4-dmitro-a-iiaphthylamine 
melted at 239°. Concentrated aqueous ammonia, under the fore¬ 
going conditions, did not affect dinitrcMj-naphthoI. 

2. Preparation from Aceto-a-naphthaUde (compare Meldola, 
Ber., 1886, 19, 2683).—-Aceto-a-naphthalide (100 grams) was dis¬ 
solved in 200 c.c. of glacial acetic acid and nitrated with 52 c.c. of 
nitric acid (D 1’52) mixed with an equal volume of glacial acetic 
acid. During the addition of the mixed acids, the temperature was 
kept below 70° and subsequently raised to 96° until the dinitro-' 
compound began to separate. The mixture was then cooled and 
the separating solid crystallised from glacial acetic acid (yield, 
52 per cent.). Twenty grams of purified 2 :4-dinitroaceto-a-naplith- 
alide were added to a cold mixture of 30 c.c. of water and 200 c.c. 
of concentrated sulphuric acid. The mixture was warmed at 
60—70° for a few minutes, allowed to cool for fifteen minutes, and 
poured into 400 c.c, of ice-water, when 2 :4-dinitro-a-naphthylamine 
was precipitated. 

3. Preparation from Toluene - p - siilphoma-naphthylamkle .— 
Toluene - p - sulphon - a - naphthylamide, prepared by triturating 
together a-naphthylamine, toluene-p-sulphonyl chloride, and anhy¬ 
drous sodium■ acetate in molecular proportions, was washed with 
warm water rendered alkaline with’ sodium carbonate' and crystal¬ 
lised from alcohol (yield, 96 per cent.). Fifty grains of this pre¬ 
paration were dissolved in 400 c.c. of hot glacial acetic acid. The 
solution when cooled to 45° deposited crystals of the . dissolved sub¬ 
stance,:'."and''.the'mixture was nitrated with. 30' c.c. of:nitric.'.acid 
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(D 1*42) mixed with 30 e.c. of glacial acetic acid. The temperature 
rose to 60 c and the mixture was subsequently heated to 80° for one 
hour. On cooling, tolnene-p-sidphon-^ : A-dinHro^xrnaph iliylarnide 
crystallised, and a further crop was obtained on diluting with 
water. When crystallised from alcohol this compound separated in 
radiating clusters of pale yellow, silky needles melting at 165—166° 
(yield, 80 per cent.): 

0-3614 gave 36*3 e.c. N 2 at 22° and 763*6 mm. N = 11*42. 

C 17 H 13 0 6 N 3 S requires N = 10*85 per cent. 

This dinitro-compound was hydrolysed by adding 20 grams to a 
cooled mixture of 200 c.c. of concentrated sulphuric acid and 30 c.c. 
of water, and warming at 70° for ten minutes. On adding the 
cooled mixture to ice-cold water, 2:4-dinitro-a-naphthylamine was 
precipitated, the yield being quantitative. 

A-Fitronaphthalene-l-diazo-2-oxide (I). 

2:4-Dinitro-a-naphthylamine (3 grams) was dissolved in 30 c.c. 
of cold concentrated sulphuric acid, 5*5 grams of nitrosyl sulphate 
were added, and the solution was diluted with fragments of ice until 
on further dilution of a portion with water a clear solution was 
obtained. The main solution of diazotised amine was then poured 
into 800 c.c. of water and left for one hour, when the precipitated 
diazo-oxide was collected and crystallised from light petroleum 
(b. p. 60—-80°). This product, which separated in yellow needles, 
decomposed with intumescence at 130—134°. . * 

The foregoing diazotisation was also effected with dry sodium 
nitrite dissolved in concentrated sulphuric acid at temperatures 
below 70°, the solution being cooled before use. Moreover, the 
diazo-oxide was prepared from the acyl derivatives of 2:4-dinitro- 
a-naphthylamine without isolating the base itself. 

2:4-Dinitroaceto-a-naphthalide (30 grams) or the corresponding 
amount of toluene-p-sulpkon-2:4-dinitro-a-naphthylamide added to 
300 c.c- of concentrated sulphuric acid diluted, with 42 c.c. of water 
underwent hydrolysis on warming to 70°. After cooling to 0° the 
solution was treated with 10 grams of sodium nitrite dissolved in 
30 c.c. of concentrated sulphuric acid. Fragments of ice were added 
until a test portion on further dilution with water gave no precipi¬ 
tate of undiazotised amine. The solution was then poured into 
1 litre of ice-water. A clear solution was produced, which after 
v ; :'thirty seconds became cloudy .and deposited' a crystalline, brownish- 
yellow precipitate of the diazo-oxide (yield, 92 per cent.). ■ ' 

■. ■ 4-Hitronaphtlialene“l-diazo-2roxide was: very., .sparingly. ■ soluble'; in 
water; it dissolved readily in benzene, acetone, or acetic acid, and 
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crystallised from these solvents. It was moderately soluble in 
alcohol, and on adding sodium hydroxide to this solution nitrogen 
was evolved and acetaldehyde produced. 

With resorcinol, phloroglucinol, or 1:3-dihydroxy naphthalene the 
diazo-cxide reacted in alcoholic solution on the addition of a drop 
of aqueous sodium hydroxide, giving a blue coloration which can be 
used as a test for this diazo-derlvative. 

4-3Slitro'naphthalene-l-diazo-2-oxide has the remarkable property 
of coupling to form azo-compounds with the foregoing polyhydric 
phenols in a mixture of concentrated hydrochloric and acetic acids. 
It is, however, only with these very reactive phenols that this diazo¬ 
oxide has been found to combine. 


i-Nitro-^-najp-hthol-l-azoresorcmol (II), 

Five grams of 4-nitronaphthalene-l-diazo-2~oxide and 2'5 grams 
of resorcinol were dissolved in 50 c.c. of glacial acetic acid to which 
5 c.c. of concentrated hydrochloric acid were added. After two days 
about 1 gram of the hydroxyazo-compound had separated, and on 
concentrating the filtrate a further 0*5 gram was obtained. 

On pouring the filtrate into water, 5 grams of somewhat tarry 
azo-compound separated. The crystalline portions were crystallised 
repeatedly from glacial acetic acid, when the compound separated 
in reddish-black, nodular crystals melting at 254—256°: 

01942 gave 20*25 c.c. bF 2 at 18° and 762 mm. 3SF = 12*13. 
C 1G H n 0 5 N s requires 11=12*92 per cent. 

4-iV itro-fi-n aphthol-l-azoresorcinol gave indigo-blue alkali salts in 
aqueous alkali hydroxides and developed an intense violet colora¬ 
tion with concentrated sulphuric acid. Although only sparingly 
soluble in water, this hydroxyazo-compound can be employed as an 
acid mordant dve. On unmordanted wool it furnished reddish- 
brown shades, becoming violet on subsequent treatment with copper 
sulphate and acetic acid. On chromium mordanted wool a bluish- 
black lake was produced. 4-Nitronapkthalene-l-diazo-2-oxide when 
coupled with phloroglucinol or 1:3-dihydroxynaphthalene in the 
presence of glacial acetic acid and concentrated hydrochloric acid 
gave rise to similar hydroxyazo-compounds dyeing chrome-mor¬ 
danted wool in bluish-violet shades. Like the preceding substance 
these hydroxyazo-derivatives dissolved readily in the ordinary 
organic solvents, but showed very little tendency to crystallise. 
They gave rise to blue alkali salts and developed violet colorations 
with concentrated sulphuric acid. 
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4 -Nitro-ft-naphthol (III). 

4-Nitronaphihalene-l-diazo-2-oxide (40 grams) was heated in a 
reflux apparatus with 600 c.c. of alcohol and 12 grams of finely 
divided copper for twelve hours. Acetaldehyde was evolved, and 
at the end of this period a drop of the solution tested with alkaline 
resorcinol no longer gave a blue coloration. This negative result 
indicated the absence of unaltered diazo-oxide, whereas the produc¬ 
tion of a red azo-dye with diazotised sulphanilic acid revealed the 
presence of a phenolic compound. 

The filtered solution was evaporated to remove alcohol, and the 
residue extracted repeatedly with hot water. On cooling, the 
aqueous extracts furnished yellow, felted needles of 4-nitro-/3- 
naphthol (yield about 38 per cent, of the theoretical). The copper 
precipitate contained an intensely coloured organic compound 
insoluble in alcohol, but dissolving in pyridine or aniline to a deep 
blue solution and in nitrobenzene to a purple solution. This pro¬ 
duct, owing to its insoluble, uncrystallisable nature, was not 
examined further. 

Many experiments were carried out on the preparation of 4-nitro- 
jS-naphtliol, and it was found that other metals gave better results 
than copper in the reduction of the diazo-oxide. 

With zinc dust (8 grams) and the foregoing proportions of diazo- 
oxide and alcohol the reduction was complete after boiling for six¬ 
teen hours, the yield of recrystallised 4-mtro-jS-naphthol being 
.45 per cent, of the theoretical. The optimum result was obtained 
with powdered aluminium (7 grams) added to 70 grams of the 
diazo-oxide suspended in 1050 c.c. of alcohol. This mixture when 
heated under reflux for thirty-two hours gave a negative test with 
alkaline resorcinol, and after distilling off the alcohol and acetalde¬ 
hyde and extracting the residue with hot water a yield of 58—-64 per 
cent, of 4-nitro-j8-naphthol was obtained. 

This decomposition was effected in twenty-six hours by heating at 
50° the diazo-oxide (64 grams) suspended in alcohol (1000 c.c.) with 
24 c.c. of 30 per cent, hypophosphorous acid, the yield of 4-nitro-S- 
naphthol being 53 per cent. 

In ethyl alcohol alone without metallic catalysts a yield of 45 per 
cent, of 4-nitro-jS-naphthol was obtained after twenty-four hours' 
boiling. The replacement of ethyl by butyl alcohol lowered the 
yield considerably, as also did the employment of formic acid and 
copper powder. o.-n- ■ ■ 

After repeated crystallisation from carbon tetrachloride or ben¬ 
zene, 4-nitro-,S-naphthol meltedat 7 120°: ^ 
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0-1810 gave 12 c.c. N 2 at 25° and 768 mm. N = 7*48. 

C 10 H-O s N requires N = 7*41 per cent. 

4 JSTitro-j3-naphthol crystallised from light petroleum (b. p. 
80—100°), hot water, or carbon tetrachloride in slender, yellow 
needles, and from benzene in compact, tabular prisms. It dissolved 
in aqueous alkali hydroxides to deep red solutions. Its potassium 
salt crystallised in glistening, red needles, but was hydrolysed on 
continued washing with water. 

When reduced with tin and hydrochloric acid or with zinc dust 
and ammonium chloride in 50 per cent, alcohol, 4-nitro-j8-naphthol 
was reduced to 4-amino-jS-naphthol, but prolonged digestion on the 
water-bath with these reducing agents led to- the elimination of the 
amino-group and the formation of 1:3-dihydroxynaphthalene (com¬ 
pare Friedlander, Her., 1895, 28 , 1952). 

Attempts to convert 4-nitro-iS-naplithol into 4-nitro-jB-naphthyl- 
amine by heating under pressure with aqueous or alcoholic ammonia 
were not successful. It was not found possible to obtain a nitro- 
derivative of Meldola’s blue by condensing 4-nitro-j8-naphthol with 
77-nitrosodhnethylaniline hydrochloride in alcohol or acetic acid. 

Experiments on alkylation showed that 4-nitro-$-naphthol was 
much less reactive than j8-naphthol. Boiling for twelve hours with 
alcohol containing 2 per cent, of sulphuric acid did not lead to 
ethylation of the mtro-compound. 


k-Nitro-$~naphthyl Methyl Ether, 


( / \ /X l O-CH s 


The sodium salt of 4-nitro-jB-naphthol was suspended in dry 
xylene (10 parts) and boiled for eight hours with a slight excess of 
methyl sulphate. The solvent was evaporated, and the residue 
crystallised repeatedly from a mixture of benzene and alcohol: 

0*2227 gave 13*8 c.c. No at 24° and 760 mm. N=6*92. 

C n H 9 O s N requires N = 6* 90 per cent. 

4 -Nitro-£}-naphthy 1 methyl ether crystallised from a mixture of 
benzene and alcohol in lustrous, brown needles melting at 
100—103°. 

Azo-derivatives of ^-Nitro-$-naphthoi. 

4-Nitro-H-naphthol when dissolved in aqueous alkali hydroxides 
or carbonates coupled readily with various diazonium compounds. 


tr if 
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Benzene-l-azo~4:-nitro~j3-iiaphthol (V), 




A solution of benzenediazonium chloride added to 4-nitro-j8- 
naphthol (1 mol.) dissolved in A/2-sodium hydroxide gave at once 
an insoluble, dark red azo-compound which, after crystallisation 
from benzene, separated in dark brownish-red needles melting at 
206—207° : 

0'2088 gave 27*6 N 2 at 22° and 761*5 mm. N = 14*98. 

C 16 H n 0 3 2\ T 3 requires N = 14*33 per cent. 

Benzene-l-azo-4-nitro-j8-naphthol dissolved only sparingly in alco¬ 
hol; it was insoluble in aqueous sodium hydroxide, in this respect 
resembling benzeneazo-jB-naphthol. The nitre-group had not ren¬ 
dered the compound acidic. Concentrated sulphuric acid developed 
a magenta coloration, whilst alcoholic sodium hydroxide gave a deep 
red solution. 


p-Nitrobensene-l-azoA-rntro-fi-iiaphthol (VI). 

A dilute solution of ^-nitrobenzenediazonium chloride added to 
4-nitro-/3-naphthol dissolved in excess of Nj 2-sodium hydroxide gave 
a purplish-red precipitate of the azo-derivative difficult to crystallise 
on account of its sparing solubility in the ordinary solvents. From 
glacial acetic acid the azo-compound separated in nodular crystals 
melting at 231° : 

0*1691 gave 23*5 c.c. K 2 at 17° and 767*4 mm. N = 16*29. 

C 16 H 1q 0 6 N 4 requires N=s 16*57 per cent. 

p-Nitrobenzene-l-azo-4-nitro-j9-naphthol, which was insoluble in 
aqueous alkali hydroxides, dissolved in alcoholic sodium hydroxide 
to an intense purplish-blue solution probably containing a quinonoid 
sodium salt, hydrolysed by water with the regeneration of the ori¬ 
ginal azo-compound. Concentrated sulphuric acid and this azo- 
compound developed a purple coloration. 

When developed on calico padded with alkaline 4-nitro-j8-naphthol 
and Turkey red oil this azo-compound gave a crimson-red colour 
quite distinct from paranitroaniline-red. In this case deeper and 
more even shades were obtained when the 4-nitro~;8-naphthoi was 
dissolved in aqueous sodium carbonate rather than in sodium 
.hydroxide solution. ' 
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Azo-A-nitro-fi-naphthols from 2 :4 -Dinitroaniline, 
Oil OH N0. 2 OH 


NO, 




.NT / 
2\ 


> 2 * 0 , 


NO. 




N 0 < 


~\ 


NO., 


o 

(VH.) 


/ \ 

(vm.) 


2 :4-Dinitroaniline (3 grams) dissolved in cold concentrated sul¬ 
phuric acid was diazotised as described on p. 1136, and the dilute 
acid solution *of 2:4-dmitrobenzenediazonium sulphate added to a 
cold solution of 4-nitro-j3-naphthol (1 mol.) dissolved in excess of 
normal sodium hydroxide. A dark reddish-brown precipitate A 
(3 grams) was at once produced, and the filtrate from this substance 
gave on acidification a paler red precipitate B (2 grams). 

The former precipitate, A , which was probably a sodium salt, was 
boiled with glacial acetic acid to set free the azo-compound, which 
was then crystallised from anisole. The product separated in dark 
brownish-red, nodular crystals melting very indefinitely at 
132—166°: 


0*0738 gave 10*35 c.c. N 2 at 26° and 764 mm. N= 15*64. 

C h H 10 O 6 N 4 requires N = 15*82 per cent. 

This analytical result corresponds with formula VII for a dihydr- 
oxyazo-eompound which was probably precipitated in the form of 
its sparingly soluble sodium salt. 

The second precipitate B also crystallised from anisole in dark 
red, tabular crystals with a green reflex. This product, when boiled 
with alcohol to remove the solvent, melted indefinitely between 
200° and 250° : 

0*2020 gave 3T7 c.c. N 2 at 19° and 762*4 mm. N=18*09. 

C 16 H 9 0 7 N 5 requires N = 18*28 per cent. 

Tliis result corresponds with formula VIII for an azo-compound 
containing three nitro-groups. This azo-4~nitro-jS-naphthol contain¬ 
ing three nitro-groups is apparently acidic and remained dissolved 
until the alkaline solution was acidified. The two products of this 
azo-coupling were not very erystallisable, but the analytical data 
showed that the separation by means of alkali was practically com¬ 
plete. 

With concentrated sulphuric acid, compound A\ (VII) gave a 
purple coloration, whereas compound B (VIII) developed an indigo- 
blue coloration. 


U TJ* 2 
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A so-colouring Matters from 4 -Nitro-ft-na-phthol. 

The 4-nitro-derivative of orange II was prepared by adding 
diazotised sulphanilic acid to 4-nitro~j3-naphtliol dissolved in excess 
of cold N /2-sodium hydroxide. On adding sodium chloride to the 
solution heated on the water-bath, the dye precipitated as a dark 
red powder, dyeing wool in deep red shades quite unlike those 
obtained from orange II. 

j.hlx i tr c ani I in e- o-su Ipho nic acid diazotised and coupled with alka¬ 
line 4-nitro-jS-naphthol gave an acid azo-dye furnishing orange 
shades on wool. 

Picramic acid diazotised and coupled with 4-nitro-j3-naphthol 
furnished a dye melting above 250° and giving reddish-brown 
shades on unchromed wool, the chrome lake being brownish- 
purple. The three foregoing dyes gave deep red colorations with 
concentrated sulphuric acid. 

Calico padded with 4-nitro- i 8-naphthol, aqueous sodium carbon¬ 
ate, and Turkey-red oil was passed through a solution of sodium 
acetate and the bisdiazonium chloride from dianisidine. The fabric 
was dyed" in dark blue shades. 

Primuline dyed and diazotised on cotton gave with alkaline 
4-nitro-j8-naphthol a purple maroon colour, quite unlike the red 
ingrain dye from jS-naphthol. 

Direct cotton colours dyeing in purple shades were obtained by 
coupling alkaline 4-nitro-/3~naphthol with the diazo-derivatives of 
safranine and 4 :4 / -diaminostilbene~2 : 2 / -disulphonic acid. 

II, Diazotisation of 2 :4rDinitroaniline Sulphaie, 

The 2:4-diniiroaniline employed in these experiments was 
obtained in practically quantitative yield by heating 4-ehloro-l: 3- 
dinitrobenzene with nine parts by weight of concentrated aqueous 
ammonia at 110° for two hours in the rotating autoclave. 

In the following experiments, 2:4-dinitroaniline was diazotised 
in concentrated sulphuric acid. Dry sodium nitrite (2*2 grams) 
was added to 7*5 c.c. of cold concentrated sulphuric acid, and the 
mixture heated to 75°. The clear liquid thus obtained was cooled 
in ice, and 5 grams of 2:4-di33itroaniline were added with stirring. 
After two hours, the pasty mass was diluted to 700 c.c. with ice 
and water. The solution at this stage contained 2:4-dinitro- 
benzenediazonium sulphate, as was proved by adding the liquid 
slowly to alkaline Anaphthol, when 2:4-diniirobenzeneazo-j3- 
naphthol was deposited as a bright orange-red precipitate very 
sparingly soluble in the ordinary organic media. This product 
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crystallised from hot glacial acetic acid in orange-red needles, and 
did not melt below 270°. With cold concentrated sulphuric acid 
it developed a purple-blue- coloration, and with alcoholic sodium 
hydroxide a deep blue solution. 


5-iVV t ro-2 -di az oph enol. 

Elimination of the ortho-nitro-group in 2:4-dmitrobenzene- 
diazonium sulphate was effected by pouring the diazo-solution, pre¬ 
pared as in the foregoing diazotisat-ion, into a litre of water con¬ 
taining 17*4 grams of sodium carbonate and 4.00 grams of ice. 
After one hour, a yellow precipitate was collected which, on dry¬ 
ing at the ordinary temperature, weighed O'7 gram, The insoluble 
product, which melted and decomposed between 64° and 80°, 
coupled with alkaline 0-naphthol, yielding a purplish-brown azo- 
compound. When half the amount of water was used in the 
neutralisation, the amount of this by-product increased to G'9 gram. 

The yellow, alkaline solution from this by-product was added 
to excess of alkaline jB-naphthol, when the yellow colour of the 
5-nitrodiazophenol disappeared, and a deep blue precipitate with 
bronze reflex was produced, the supernatant liquid having a brown 
tint. This blue compound was a sparingly soluble sodium salt 
which, on treatment with alcoholic hydrogen chloride, yielded a 
purplish-red azo-#-naphthol melting at 228°, and identical with 
the 4-nitro-2-hydroxybenzeneazo-jB-naphthol obtained from the 
internal diazo-cxide of 5-nitro-2-aminophenol (T., 1915, 107, 655). 
The identity of the two compounds was confirmed by a mixed melt¬ 
ing-point determination and by the formation of the characteristic 
metallic lakes from the foregoing preparation. 

The production of a dihydroxyazo-compoimd from j3-naphthol 
and the alkaline solution of the diazo-derivative of 2:4-dimtro- 
aniline showed that in alkaline solution the ortho-nitro-group had 
been replaced by hydroxyl. This conclusion was confirmed by the 
following experiments. 


5-Nitrophenol-2-resorcinol (IV). 

Sodium nitrite (1*1 grams) was added to 3*75 c.c. of concentrated 
sulphuric acid, the temperature being kept below 70°. The '-warm 
solution was cooled, and 2‘5 grams, of 2:4-dinitroaniline were 
added. After one hour, the brown paste was added to a solution 
of 8‘8 grams of sodium carbonate in 300 c.c. of water containing 
100 grams of ice. 

The yellow solution filtered from the insoluble by-product (Q-4 
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gram) was treated with 1*5 grains of resorcinol in 5*7 c.c. of 20 per 
cent, aqueous sodium hydroxide. The intense purplish-red 
alkaline solution was subsequently warmed on the water-bath, and 
the sodium salt of the azo-dye precipitated by the addition of 100 
grams of sodium chloride. This sodium salt (4*5 grams) gave the 
orange-red azo-resorcinol on treatment with dilute sulphuric acid. 
When crystallised from glacial acetic acid, it separated in small, 
reddish-brown needles decomposing at 225°. The sulphuric acid 
coloration was deep red: 

0*0997 gave 13*75 e.c. N 2 at 21*5° and 762 mm. N = 15*67. 

C 12 H 9 0 5 N 3 requires N = 15*27 per cent. 

The percentage of nitrogen required for dinitrobenzeneazo- 
resorcinol is 18*42. 

On unchromed wool, this azo-resorcinol gave bright orange-red 
shades, changing to deep claret on chroming subsequently with 
1 per cent-, of chromic acid. By the metachrome process of dyeing, 
very deep purple shades were produced, appearing almost black. 

The marked alteration of shade produced by mordanting with 
chromium suggested the arrangement of two hydroxyl groups con¬ 
tiguous to the azo-group, as indicated in the above formula. 
Further evidence was obtained by a comparative experiment made 
on j8-naphthol-6-sulphonic acid. 


Am-dyes from 2 :A-Dinitroaniline and Schaffer’s Acid. 

_no 2 oh _oh oh 

NO,/ NO./ \isr a < 

/J> 

SO s lI '““fcSOJI 

(IX.) (X.) 





(1) 2:4-Dinitroaniline (2*5 grams) was added to a solution of 
IT grams of sodium nitrite in 7*5 c.c. of concentrated sulphuric 
acid, and the resulting paste added to 150 c.c. of cold water. 
This acid solution of 2:4-dinitrobenzenediazonium sulphate was 
added to 3*5 grams of SchafferVsalt dissolved in 100 c.c. of water 
and 70 c.c. of 5iV 7 -sodium hydroxide. After one hour, the solution 
was heated on the water-bath and the azo-dye precipitated with 
50 grams of salt. This dye, 2:4-dmitrobenzeneazO'j8-naphthol-6- 
salphonic acid (IX), gave orange shades on unmordanted wool not 
altered by chroming. 

(2) 2:4-Dinitroaniline (2*5 grams) was diazotised as before in 
concentrated sulphuric acid; the diluted diazo-solution was 
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rendered alkaline with, excess of aqueous sodium carbonate, and 
added to an alkaline solution of Schaffer's salt. After one hour, 
the solution was warmed and the dye precipitated with sodium 
chloride. This dye, 4-nitro-2-hydroxybenzeneazo-/?-n&phthol-6- 
sulphonic acid (X), gave reddish-brown shades on wool, changing 
to deep violet on chroming. 

(3) The dinitroaniline (2*5 grams) was diazotised as before, and 
to the dilute acid solution was added 3*4 grams of copper sulphate ; 
the liquid was then rendered alkaline with sodium carbonate and 
added to an alkaline solution of Schaffer’s salt. Coupling occurred 
slowly, and was completed by warming, the dye being then salted 
out. It gave purple shades on wool, which were not affected by 
after-chroming. These purple.shades were reproduced by treating 
the dyed patterns of the second preparation with copper sulphate. 
Similar purple shades were obtained by treating the dihydroxyazo- 
dye (X) with cobalt chloride or chlorocobaltipentammine chloride, 
[C1 Co(NH s ) 5 ]C1 2 . 

These experiments point conclusively to the formation of a 
soluble form of 5-nitro-2-diazophenol when an acid solution of 
2:4-dinitrobenzenediazoiiium sulphate is rendered alkaline with 
sodium carbonate. 

The azo-dyes produced by coupling this alkaline diazo-Bolution 
with various phenolic derivatives and reactive amines all have the 
property of forming distinctly coloured metallic lakes. With 
2:4-tolylenediamine, the aminohydroxyazo-dye was produced in 
dilute acetic acid. In the case of the aminonaphtholsulphonic 
acids, the coupling was effected in the presence of sodium hydr¬ 
oxide. With chromotropic acid, the most favourable result was 
obtained on using milk of lime as the alkali. 


A zodyes from 5-A itro - 2-diaz ophenol. 

Coupling substance. Colour of dye Colour of mordanted dye. 

on unmordanted 
wool. 

{ Metachrome process: pur¬ 
plish-black lake (1 per 
cent.). 

2-Hydroxy-3-naphthoic acid. Reddish-brown. Purple chromium lake. 

1:8- Dihydroxynaphtha -1 
lene-3 : 6-disulphonic acid V Bluish-red. 

(chromotropie acid). j 


fChromium-—greenish-blue. 
1 Vanadium—blue. 

1 Copper—bluish-purple, 
t Cobalt—-purplish-blue. 


8 - Amino - a * naphthol A 

3 : 6-disulphonic acid (H l Purple. 
. Acid). j 


'Chromium—dark green. - 
Vanadium—green. 

Copper—intense blue. 
.Cobalt—dark bluish-purple. 
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Azo-dyes from b-Nitro-2-diazophenoi (continued). 


Coupling substance. Colour of dye 

on unmordanted 
wool. 


- Amino - a - naphtliol -) 
5-sulphonic acid (S acid). J 


Mauve. 


Colour of mordanted dye, 


' Chromium—sage-green. 
Vanadium—bright green. 
Copper—bright blue. 

Cobalt—blue. 

Nickel—blue. 

Iron—dull violet. 
Manganese—dull violet. 
Uranium—dark lavender 

, blue. 


/"Chromium—dark bluish- 


7 - Amino - a - naphthol -\ 
3-sulphonic acid (J acid). ) 


Crimson-red. 


grey. 

Vanadium—dark purplish- 
blue. 

Copper—purple. 

Cobalt—maroon. 
Uranium-maroon. 


The foregoing azo-colouring matters when dyed on unmordanted 
wool are extremely sensitive to metals, this property being due, 
undoubtedly, to the ease with which the metallic lakes are 
produced. 
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C.— fi-Naphthylmethylamine. 

By Gilbert T. Morgan and’ Frederick, Page Evens. 

d-N aphthylmethylamine, the simplest alkyl derivative of 
jS-naphthylamine, has not hitherto received detailed attention, 
probably owing to the circumstance that it is not produced readily 
by the action of ordinary methylating agents on the primary base. 

Powerful methylating agents, such as methyl iodide in excess, 
lead to quaternary ammonium salts, from which the quaternary 
ammonium hydroxide and £-naphthyldimethyl amine are successively 
obtained (Hantzsch, Ber., I860, 13, 2054; Bamberger, ibid., 1889, 




MORGAN AND EYEJsS : jS-JT APHTHYLMETHYIiAMINE. 1141 

22, -1306). By operating with, equal weights of jS-naphthylamine 
and methyl iodide at 100° in methyl-alcoholic solution, von Peeh- 
mann and Heinze produced a certain proportion of j8-naphthyl~ 
methylamine, which, however, required purification by conversion 
into its nitrosoamine and subsequent reduction, so- that the yield 
of recovered base was not satisfactory ( Ber 1895, 28, 2370; 1897, 
30, 1785). Pschorr and Karo subsequently obtained the base by 
the action of methyl sulphate on benzenesulphoii-0-naphthalide 
and subsequent hydrolysis of the product (Ber., 1906, 39, 3142). 

It has now been found that j3-naphthylmethylamine can be pre¬ 
pared in excellent yield and in a state of purity by the interaction 
of j3-naphthol and aqueous methylamine at high temperatures under 
pressure. 

C 10 H r -OH + NH. 2 *CH 3 ,HC1 + NaOH - 

C JO H 7 *NH*CH 8 + NaCl + 2H 2 C. 
/3-Naphthol (100 grams), methylamine hydrochloride (75 grams), 
and 190 c.c. of SA-sodium hydroxide were heated in a rotating 
steel autoclave at 200—220° for seven hours, the pressure attained 
being about 21 kilos. per sq. cm. The oily contents of the auto¬ 
clave were extracted successively with aqueous sodium hydroxide 
to remove unaltered /3-naphthol, and with benzene to dissolve 
jS-naphthylmethylamine. The benzene extract/ after drying over 
calcium chloride, was distilled first under the ordinary and then 
under diminished pressure, the yield of secondary base being 
upwards of 80 per cent, of the theoretical. 

jS-Naphthylmethylamine boiled at 317°/766 mm. and at 207°/ 
60 mm., and when 'freshly distilled was colourless, but darkened 
rapidly on exposure to the air. It was identified by its solid nitroso¬ 
amine, which crystallised in pale yellow needles and melted at 88° 
(Fechmann gives 90°; Pschorr and Karo, 88—89°). 

1 -NiirffiQ-f&naplithylmethylamine (I). 

no n;n*c 6 h 5 

W \/\/ 

(I.) 4 (II.) 

j3-Naphthylmethylnitrosoamine (5 grams) was suspended in 
20 c.c. of alcohol, and 20 e.c. of saturated alcoholic hydrogen 
chloride were slowly added with-vigorous stirring at 0°. The 
nitrosoamine partly dissolved and the solution darkened. After 
twenty hours, a few dark green crystals had separated, and the 
mixture wes poured into water. The hydrochloride of the nitroso- 



1142 MORGAN ANT) EVENS ! /9-N APHTHYEM ETHYLAMINE. 


base -dissolved, whereas unaltered nitrosoamine was precipitated. 
On adding aqueous ammonia to the filtrate, the nitroso-base 
separated, and was crystallised from acetone, when it was obtained 
in dark green plates melting at 142°: 

0*1041 gave 13*5 c.c. at 17° and 753 mm. N = 14*95. 

C n H 10 Ohr 2 requires N = 15*05 per cent. 

The optimum yield of 1 -nitroso-l3~na»phthylm-e thylamine obtained 
by the foregoing process was 75 per cent, of the theoretical. 
Unlike jB-naphthylmethylnitrosoamine, this nitroso-base gave no 
Liebermann reaction. The conversion of l-nitroso-jS-naphthyl- 
methylamine into the anhydro-base (methenyl-1:2-naphthylene- 
diamine), C 10 H 6 <C-^^^CH, did not proceed smoothly by the 

method of O. Fischer and Hepp, employed in the case of the ethenyl 
analogue {Ber., 1887, 20, 2471), but when the nitroso-base was 
heated in alcoholic hydrogen chloride at 100° in a sealed tube, the 
hydrochloride of the anhydro-base separated in reddish-white 
crystals. 


Azo-derivatives of fi-Ndphthylmethylamine. 

The azo-derivatives of jS-napbthylmethylamin© were prepared by 
two general methods, namely, (1) interaction of the base and 
diazonium salts, and (2) condensation of j8-naplithylmethylnitroso- 
amine with primary aromatic amines. 

Benseneazo-fi-naph thy I m ethylamin e (II). 

The diazonium chloride from. I gram of aniline was added in 
aqueous solution to j3-naphthylmethylamine (1*7 grams) dissolved 
in cold dilute hydrochloric acid * a crimson coloration developed, 
and the addition of sodium acetate induced coagulation of the azo¬ 
compound. The viscid precipitate was dissolved in hot alcohol, 
from which the product crystallised in felted, scarlet needles melt¬ 
ing at 82—-83° (quantitative yield) : 

0*1176 gave 18*6 c.c. N s at 18° and 750 mm. 1ST = 16* 14. 

C 17 H 15 hT 3 requires*N = 16*09 per cent. 

Benzeneazo-j8-naphthylmethylamine was also obtained in satis¬ 
factory yield on warming a glacial acetic acid solution of 
£-naphthylmethylnitrosoamine and aniline in molecular propor¬ 
tions. 

The product, which was precipitated on diluting the acetic acid 
solution with water, was identical with the foregoing preparation. 

* In this and the following nitrogen estimations the gas was measured over 
33 per cent, aqueous'potassium hydroxide. " 
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p-Nitmbenzene-l-azo-P-naphthylmethylamine, 

_NH*CH 3 

/ N>n=n<^ ^no 2 . 


An acid solution of p-nitrobenzenediazoiiium. chloride (1 mol.) 
was added to /3-naphthyImethylamine (1 mol.) dissolved in dilute 
hydrochloric acid, the temperature being below 6°. Sodium acetate 
precipitated the azo-compound in quantitative yield. The reddish- 
brown product was crystallised from ethyl acetate, acetone, benzene, 
or glacial acetic acid; it separated in matted, dark brown needles 
with bronze reflex, and melted at 190—192°: 

0*0977 gave 15*1 c.c. N 2 at 15*5° and 750 mm. N = 17*85. 

C 17 H 14 0 2 N 4 requires N = 18*30 per cent. 
p-Nitrobenzeneazo-Anaphthylmethylamine was also produced by 
warming together in glacial acetic acid molecular proportions of 
p-nitroaniline and /3-naphthylmethylnitrosoamine. 

Like the preceding compound, this azo-derivative developed an 
intense violet coloration with concentrated sulphuric acid. 


Azo-dyes from f$-Naphthylmethylamine . 


These azo-colouring matters can be obtained by the two general 
methods outlined in the foregoing preparations. 


• Diazo-derivative 
of amino-acid. 

1. Sulphanilic acid. 

2. Naphthionic acid. 

3. Picramic acid : 

Direct dye. 

Dyed by metachrome 
process. 


4. Diaminostilfoenedisul- 
phonic acid. 


Tinctorial properties 
of the resulting dye. 

Scarlet on wool. 


Coloration in 
concentrated 
sulphuric acid. 
Reddish-blue. 


Dark red on wool. 


Dark violet* 


Dull purple on wool. Reddish-brown. 

After prolonged boiling (8 
hours) a dark purple unlike 
the analogous dye from 
& -naphthylanxine, which 
changes to olive-green 
shades. 

Purple on unmordanted Greenish-blue, 
cotton much bluer in shade 
than Hessian Purple N, 
from j8-naphthylamine. 


Acyl Derivatives of 0~]S r aphthylmethylamine. 

A ceto~0-naphtJiylmstJiylamide, C 10 H 7 *N(CH 3 )*CO*CH 3 , was pre¬ 
pared by mixing jS-uaphthylmethylamin© (1 mol.)' : antl acetic 
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anhydride (1*5 mols,). The product when crystallised from light 
petroleum (b. p. 40—60°) separated in colourless, rhombic prisms 
melting at 50—-51°: 

O'1523 gave 9'6 c.c. N 2 at 16° and 751-5 mm, N~7 - 28. 

C 13 H 13 0hT requires N=7*04 per cent. 
Benzo-B-naphthylmethylamide, C 10 H 7 *N(CH g ) * CO - C 6 H fl , produced 
by the Schotten-Baumann reaction, crystallised from light 
petroleum in colourless needles melting at 84°: 

0‘2663 gave 11*3 c.c. N 2 at 20° and 762 mm. N = 4*88. 

C 18 H 15 ON requires 1ST = 5‘36 per cent. 

Toluene - p - sulphon - 3 - naphthylmethylamide .—This compound, 
which has already been described as resulting from the methyl- 
ation of toluene-p-sulphon-i8-naphthylamide (Morgan and Mickle- 
thwait, T., 1912, 10*1, 150), was prepared more directly by grinding 
together 3-naphthylmethylamine, toluene-p-sulphonyl chloride, 
and fused sodium acetate in approximately molecular proportions. 
The crude product, after digestion with aqueous sodium carbonate, 
was crystallised from alcohol, and separated in colourless, arbor¬ 
escent needles melting at 73° (T., 1912, ibid., colourless needles, 
m. p.. T7—78 0 ). 

Benzyl-naphthyImethylmiine (III). 

\A/ \/\/ ^ 

(HI.) (IV.) 

3-Naphthylmethylamine (1 mol.) and benzyl chloride (1*25 
mols,) were mixed and heated with 10 per cent, aqueous sodium 
hydroxide (1*25 idols.) in a reflux apparatus for several hours until 
the solid product of the mixture of the two organic reagents had 
been decomposed. Oh cooling, a brown, solid mass separated con¬ 
sisting of crude benzyl-^-naphthylmethylaraine (yield, 70 per cent,). 
This base was soluble in benzene, acetone, or alcohol, and crystal¬ 
lised in lustrous, colourless needles melting at 82—83°: 

0-3358 gave 15-8 c.c. N 2 at 17° and 765 mm. N ( =5'51. 

C 18 H 17 N requires N — 5*67 per cent. 

Like all the other known dialkyl-3-naphthylamines, this tertiary 
base did not couple with diazonium salts. 

2: A-DmitropheJiyl-fi^naphthylmethylamine (IV). 

Molecular proportions of 3-naphthylm ethyl amine and 4-chloro- 
1:3-dinitrobensene were dissolved in alcohol, and the solution was 
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seated under reflux with fused sodium acetate for two to three 
hours. The crystalline product separating from the cooled solution 
was washed successively with alcohol and water to remove 4-cMoro- 
1; 3-dinitrobenzene and sodium salts respectively. The final resi¬ 
due was crystallised from benzene or acetic acid, from which it 
separated in orange-red, elongated prisms melting at 183°: 

0T630 gave 18’2 c.c. N 2 at 18° and 756 mm. br=12"88. 

C 17 H 13 0 4 N s requires N = 13-00 per cent. 

2: A-DinitrophenyMitro-fi-naphthylmethylamine, 
NO 2 -C 10 H 6 -N(CH 3 )-C 6 H s (NO 2 ) 2 . 

—The preceding dinitro-eompound was dissolved in the least 
possible amount of glacial acetic acid and treated with sufficient 
nitric acid (D 1-42), diluted with an equal volume of glacial acetic 
acid, to introduce one nitro-group. The solution was stirred 
thoroughly, warmed, and left overnight in the ice-chest, when a 
mass of yellow crystals separated. This product crystallised from 
alcohol in yellow flakes and melted at 156—157°: 

0-1080 gave 14'7 c.c. N 2 at 22° and 761 mm. N —15*52. 

C 17 H 12 0 6 N 4 requires N = 15‘22 per cent. 

The authors’ thanks are due to the British Dyestuffs Corporation 
(Manchester) for the starting materials employed in this 
investigation. 

City and Guinns Technical College, Finsbury, 

Leonard Street, City Road, [Received, August 1th, 1919.] 
London, E.C. 2. 


CL —Action of Phenylhydrazine on Phthalaldehydic 
mid Phthalonic Acids: Phenyl-hydrazo- and Azo- 
Ptithalide. 

By Prafulla Chandra Mitter and Jnanbndra Nath Ben. 

In a previous communication (T., 1917, 111, 988) the authors have 
shown that by the action of phenylhydrazine on opianic and nitro- 
opianic acids in ethereal solution derivatives of hydrazophthalide 
are formed, which can be oxidised by mercuric oxide to azo- 
phthalides. In the case of ■ phthalonic acid definite indications of., 
the formation of hydrazo- andazo-phthalide derivatives were ob¬ 
tained, although the product®' .could'not .then, be isolated. : It'has ; 
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now been found that on adding a solution of phenylhydrazine hydro¬ 
chloride to a nearly neutral solution of phthalonic acid the phenyl- 
hydrazone is obtained, which on treatment with dilute hydrochloric 
acid is converted into phenylphthalazonecarboxylic acid identical 
with the anhydraplienylhydrazine-o-carhoxyphenylglyoxylic acid 
prepared by Henriques (Ber, ; 1888, 21, 1610). 

In the case of phthalaldehydic acid, treatment with phenylhydr¬ 
azine hydrochloride under similar conditions gives phenylhydrazo- 
phthalide, which can be oxidised in acetone solution by mercuric 
acetamide to phenylazophthalide. Treatment with acetic acid con¬ 
verts the hydrazophthalide into phenylphthalazone (Racine, 
Annalen, 1887, 239, 80): 

CH-NH-NHPh 


/NcH:N«NHPh 


(I.) 



/Nc(C0 2 H):N*NHPh 

(V.) 



(VI.) 


Experimental. 


Phenylhydrazone of Phthalaldehydic Acid (I). 

On account of the great solubility of the phenylhydrazine deriv¬ 
ative in ether, the compound was prepared by the action of phenyl- 
hydrazine hydrochloride on the sodium salt of phthalaldehydic 
acid. '■ 

Phthalaldehydic acid (1*5 grams: 1 mol.) was dissolved in sodium 
carbonate solution (0*75 mol.), and to this an aqueous solution of 
phenylhydrazine hydrochloride (1*45 grams: 1 mol.) was added. 
The phenylhydrazine derivative separated almost immediately as a 
canary-yellow powder in almost quantitative yield (2*7 grams). On 
crystallisation from slightly warm dilute alcohol it was obtained in 
pale yellow needles melting at 106°, which turned pinh on exposure 
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to air. It dissolves rresudily in sodium hydrogen carbonate solution 
or ammonia. Acetic a,ci<ct transforms it into the cyclic compound : 
01065 gave 0-2741 C0 2 and 0*0476 H 2 0. C= 70*19; H=4*9f, 
0*1011 „ 10*3 c.c. N't at 24° and 760 mm. N= 11*79. 

C 14 H 12 0 2 N 2 requires 0 = 70*00; H = 5‘00; N = 11*66 per cent-, 
The substance was dissolved in alcohol and titrated with standard 
alkali. It was found bo fee monobasic: 

0-1373 required 5'65 c.c. of N/ 10-alkali, whilst this weight a 
monobasic acid of the above formula requires 5*70 c.c. 


Ph e nylazoph t halide. 

Phenylhydrazoplithalide (II, 0*55 gram) was dissolved in about 
20 c.c. of pure acetone* 2 grams of pure recrystallised mercuric 
acetamide were added* and the mixture was heated on the water- 
bath under reflux for about- three hours. The colour of the solu¬ 
tion gradually changed t«o deep yellow. The solution was filtered, 
the residue washed with acetone, and the washings added to the 
filtrate. The filtrate was evaporated to dryness and the residue 
washed with dilute sodium carbonate solution and water, and then 
dissolved in acetone. On adding water a small quantity of tarry 
matter was precipitated, which was removed by filtration.' Panther 
addition of water precipitated the azo-compound (III) in yellow 
plates melting at 149—160°. The substance is insoluble in -sodium 
carbonate, and gives with concentrated sulphuric acid a ptiKple 
coloration. The alcoholic solution is yellow with a green shade,- and 
the colour changes to pijak on the addition of alkali. 

The compound dissolves readily in acetone or benzene: 

0*1581 gave 0*4132 CQ^ and 0*0612 H 2 0. C = 71*05; H = 4*$0. 

0*1025 „ 10*5 c-c. at 24° and 760 mm. N = ll*86. 

O 14 H 10 O 2 l!T 2 requires 6 = 70*49; H = 4*20; 1SF = 11*77 per cent, 

JPh &nylyh t hala zone (IV). 

Phenylhydrazophtlialide is warmed with a small quantity of 
glacial acetic acid for a few minutes and hot water is added, The 
phthalazone is readily obtained in fine; needles with a pal© pink 
colour melting at 105 10 . It is insoluble in alkali even on. hailing. 
(Found: N = 13*11. G-j 4 H 10 Ohr 2 requires N = 12*61 per cent.) 

PMhalomet Acid> and Pkenylhydrazine. 

Phthalonic acid (1 gram.:.."! mol.) was dissolved in water ..cohUiip 
ing sodium carbonate (0‘42 gram: 0*75 mol.),-and Asolutka of 
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phenylhydrazine hydrochloride (1*5 grams: 2 mols.) in- water was 
added. The phenylhydrazine derivative (V or YI) separated at one© 
in crystalline flakes melting at 171—172°. It dissolves readily in 
acetone or alcohol, hut on the addition of water the solution 
deposits an oil. All attempts at recrystallisation failed : 

0*0938 gave 0*2167 CO s and 0*0360 H 2 0. 0=63*06; H = 4*27. 

0*1169 „ 9*6 c.c. N^at 23° and 760 mm. N = 9*73. 

C 15 H 12 0*N 2 requires C=63*38; H = 4*23; N = 9*85 per cent. 

The. substance was dissolved in dilute alcohol and titrated with 
standard alkali. It was found to be dibasic: 

0*1449 required 9*4 c.c. of N /10-alkali, whilst this weight of a 
dibasic acid of the above molecular formula requires 10*2 c.c. 

The substance gradually turns brownish-yellow on exposure to 
air. Attempts at oxidation with mercuric acetamide did not yield 
any pure product. 

Phenylphtlwlazonecarboxylic Acid (VII). 

The mother liquor after the filtration of the hy dr azo-compound 
deposits, on keeping, long needles with a silky lustre dissolving 
readily in sodium carbonate solution and melting at 210°. The same 
substance is also obtained by keeping the hydrazophthalidecarb- 
oxylic acid suspended in dilute hydrochloric acid. (Found, 
C = 67*08; H = 3*63; N=10*10. C 15 H 10 O 3 N 2 requires 0=67*67; 

H= 3*76; N = 10*05 per cent. 

Sir Tabae Nath Pax.it Laboratory, 

University Coxt-ege oe Science. 

Calcutta [Received, May 31st, 1919.] 


GIL —Mercury Mercaptide Nitrites and their 

Reaction ivith the Alkyl Iodides. Part Vll. 
Chain Compounds of Sulphur (continued). 

By ; Sir Prafulla Chandra Ray and. Prafulla Chandra Guha. 

In Part IV. of this series (this vol., p. 261), among the products of 
the interaction of phenyl mercaptan and mercuric nitrite which were 
isolated, was one having the empirical formula Ph 2 S 3 Hg. When 
a-naphthyl mercaptan is treated with mercuric nitrite only one 
product is obtained, whieht is the exact analogue of the former, 
namely, (O 10 H' 7 ) 2 S 3 Hg. This, like the benzenoid derivative, is 
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soluble in hot benzene, and can therefore be easily obtained in a 
state of purity. 

The action of methyl iodide on the compound Ph 2 S g Hg leads to a 
trisulphonium compound in which all the sulphur atoms are quadri¬ 
valent (compare Part IV.). The action of alkyl iodides on the new 
compound, (C-, 0 H 7 ) 2 S 3 Hg, has proved to he of much interest. With 
methyl iodide, for instance, three sulphonium derivatives, tri-, di-, 
and mono-, are formed together. The trisulphonium compound (I) 
contains two sexavalent and one quadrivalent sulphur atoms. The 

Hgl C 10 H 7 C 10 H t 
(CB 3 ) s S-S-S(CH s ) 

i f i 

(i.) 

monosulphonium derivative also contains a sexavalent sulphur atom, 
and all the monosulphonium compounds described in the present 
paper are of this category. 

The action of p-tolyl mercaptan on mercuric nitrite has also been 
studied. The mercaptide nitrite corresponds with the formula 
C 7 H 7 * S (hg) (HgNOo) • S' C 7 H 7 , or preferably 

C 7 H 7 * S(hg): S (HgN 0 2 ) • C 7 H 7 . 

2 >Chlorophenyl mercaptan also yields a compound of exactly the 
same type. That they are definite compounds is proved by the fact 
that successive crops from hot benzene solution have the same melt¬ 
ing point and composition. 

The mercaptide nitrite obtained from p-tolyl mercaptan reacts 
with methyl and ethyl iodides, yielding in each case a mono- and a 
di-sulphonium compound, the sulphur atoms of the latter being 
sexavalent (compare Part VI., this vol., p. 548): 

C- H 7 *S(hg):S (HgN 0 2 ) *C 7 H 7 ri > 

■ ^2 

GLK.-S—S-CJEh and HglJ-C 7 Bb . 

‘ ii i ii 

I 2 I I 2 

The mercaptide nitrite "from p-chlorophenyl mercaptan gives with 
alkyl iodides only one monosulphonium compound of the type : 

' ' 

HgI*S*C c H 4 Cl . 

In Part VI. of this series 'one of us has described disulphonium 
compounds containing one or both of the atoms of sulphur:in the 
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sexavalent condition. The present work not only corroborates the 
existence of this class of compounds, but goes a step further in that 
a, trisulphonium compound is described containing two sexavalent 
and one quadrivalent sulphur atoms. 

In addition to the monosulphonium compounds described in the 
present paper, another series has been prepared, namely, that ob¬ 
tained by the reaction of ethyl sulphide and mercuric iodide with 
the higher and lower homologues of ethyl iodide, and in each case 
a compound of the type Ei 2 S,RI,HgI 2 has been obtained (compare 
Smiles and Hilditch, T., 1907, 91, 1396). 

It has already been shown that the disulphonium compounds can 
be synthesised by the direct union of the components, for example, 
ethyl disulphide, ethyl iodide, and mercuric iodide (T., 1916, 109, 
611). By substituting, however, the other alkyl iodides the corre¬ 
sponding members of the series have been obtained, with this differ¬ 
ence, that an interchange of radicles invariably takes place. Thus, 
when a mixture of ethyl disulphide and mercuric iodide is treated 
with an alkyl iodide, RI, compounds of the type EtRS 2 ,HgI 2 ,RI are 
formed. Again, when a mercaptide nitrite like the compound 
EtS*HgN0 2 Is treated with an alkyl iodide, RI, by an interchange 
of radicles, the compound EtRS 2 ,HgI 2 ,RI is obtained (loc. cit.). It 
is thus seen that either mode of formation yields the same compound, 
the interchange of radicles being thus the most prominent feature. 
There is, however, this marked difference that in the monosulphon- 
ium series no such interchange of radicles has been found to take 
place. 


E X PER I MENTAL. 

Interaction, of a-Napkthyl Mercaptan and Mercuric Nitrite: 

Formation of the Compound (C 10 H 7 ) 2 S 3 Hg. 

An alcoholic solution of a-naphthyl mercaptan was slowly dropped 
from a pipette into mercuric nitrite solution with constant shaking. 
At first a white precipitate appeared, which, however, soon acquired 
a yellow tint. The granular precipitate was collected, washed, and 
dried in a vacuum. Eor further purification it was crystallised from 
boiling benzene, in which it was fairly readily soluble, and then 
melted at 198°: 

0*1118 gave 0*1827 C0 2 and 0*0344 H 2 0. 0 = 44*57; H = 3*43. 

0*1200 „ 0-0459 Hg and 0-1354 BaS0 4 . Hg= 37-93; S = 15-38. 

C 2Q H 34 S 3 Hg requires C=43-63; H = 2'54; Hg= 36*36; 

S —17*45 per cent. 
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Interaction of the Compound (C 10 H 7 ). 2 S 3 Hg and Methyl Iodide: 

Formation of the Trhulphonium Compound (I). 

The method of procedure is exactly the same as in the interaction 
of simple mercaptide nitrites and alkyl iodides. After heating with 
methyl iodide under reflux, the mixture was allowed to cool. "Within 
half an hour, the heavy, oily liquid at the bottom began to solidify 
to well-defined crystals, which were collected. The substance was 
insoluble in acetone, and was therefore washed several times with 
this- solvent. Finally, it was recrystallised from hot methyl alcohol, 
when dull yellow crystals melting at 113° were obtained. Both the 
soluble and insoluble varieties of this series of sulphonium com¬ 
pounds dissolve readily in boiling methyl alcohol, and thus all of 
them have been obtained in a pure condition: 

0’2196 gave0-2219 C0 2 and 0*0574 HoO. 0=27*56; H=2*90. 
0-3016 „ 0-0540 Hg „ 0*2484 Agl. Hg = 17*91; 1 = 44*15. 
0*3729 „ 0-2223 BaS0 4 . S = 8*19. 

C 2fj H 32 I 4 S s Hg requires C= 27*18; H = 2’79; Hg = 17*42; 

1=44*26; S —8*36 per cent. 

The filtrate, after the separation of the above insoluble compound, 
was freed from excess of methyl iodide by evaporation. The oily 
residue was dissolved in acetone, the solution filtered, concentrated 
to a small bulk, and excess of ether added, when a yellow oil was 
again precipitated. The oil was dissolved in boiling methyl alcohol, 
and on slowly cooling, yellow needles with a faint green tint sepa¬ 
rated. From the methyl alcoholic solution five successive crops were 
obtained by fractional crystallisation. Of these, the first two crops 
melted at 102°; they were therefore mixed and again crystallised 
from the above solvent, when the product melted at the same tem¬ 
perature. This was the sexavalent monosulphonium compound and 
gave the following results on analysis: 

0-1496 gave 0*1058 0O 2 and 0*0284 H 2 0. 0=19*29; H = 2*ll. 
0*3927 „ 0-1023 Hg „ O'3524 Agl. Hg = 26*05; 1=48-43. 
0-2650 ,, 0*0693 Hg. Hg=26*12. 

C 12 H ls I 3 SHg requires 0 = 18*7; H=l*82; Hg=25*97; 

1=49*5 per cent. 

The mother liquor from which the above five fractions were 
obtained began to deposit oily globules which were dissolved in 
acetone. On the addition of ether an oil was obtained which was 
kept in a vacuum over sulphuric acid for several days, but did not 
solidify. On stirring, however,' with a little ether, crystallisation at 
once occurred. The compound was now purified by repeated crystal- 
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ligation from methyl alcohol, and when pure it melted sharply at 
93°. It consisted of the disulphonium compound, 
C l0 H 7 -CH 3 S 2 ,HgI 2 ,CH 3 X: 

0-2020 gave 0-1418 C0 2 and 0*0332 H 2 0. 0=19-14; H = T82. 
0-2055 „ 0-0507 Tig „ 0*1750 Agl. Hg = 24'67; 1 = 46*02. 

C 12 H 13 I 3 S 2 Hg requires C = 17‘95; H = l*52; Hg = 24’93; 

1 = 47-51 per cent. 

As was to' be expected, an interchange of radicle takes place in 
this case. 

Interaction of the Corn-pound (C ]n H 7 ) 2 S 3 Hg and Propyl Iodide: 
Formation of the Monosulphonium Compound, 
C 10 H 7 -SI 2 (C 3 H 7 ) 2 -HgI. 

From methyl-alcoholic solution the compound was deposited as an 
oil which, when kept in a vacuum for a week, solidified. It was then 
further purified by recrystallisation from methyl alcohol, when it 
melted at 106° : 

0-1345 gave 0-1173 C0 2 and 0’0334 H 2 0. C = 23-82; H = 2*76. 
0*3701 „ 0"0900 Hg „ 0*3101 Hgl. Hg = 24-32; 1=45*28. 

C lc H 21 I 3 SHg requires C = 23-25; H = 2*54; Hg = 24*21; 

I=46*13 per cent. 

.Mercuric Nitrite and p-Tolyl Mercaptan: Formation of the 
Compound C 7 H 7 -S(hg):S(HgN0 2 )*C 7 H 7 . 

On adding an alcoholic solution of the mercaptan to the mercuric 
nitrite solution a product is obtained which o-n allowing to remain 
and occasionally stirring forms a dull yellow, granular mass. This is 
purified "by crystallisation from hot benzene. Three successive crops 
melted at 127°. The purity of the compound is thus unquestion¬ 
able. It evolves nitrous fumes when treated with hydrochloric acid : 
0*0937 gave 6-0982 C0 2 and 0-0234 H s O. 0 = 28-58; H = 2*77, 
0*1419 „ 3-2 c.c. N 2 at 25° and 760 mm. N = 2‘43. 

■ 0*1316 „ 0-0737 HgS. Hg = 48'27. 

C 28 H 28 0 4 ]Sr 2 S 4 Hg3 requires C = 28‘38; H = 2-36; N = 2'36; 

Hg=50* 68 per cent. 

Interaction of the Mercaptide Nitrite of p- Tolyl Mercapian and 
Methyl Iodide■; Formation of the Compounds 
C 7 H 7 *SMe 2 I 2 ‘SI(C 7 H 7 )*HgI and C 7 H 7 -SMe 2 I 2 *HgI. 

A clear solution was obtained in this case on digesting the mer- 
captide nitrite with methyl iodide for three or four minutes. After 
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evaporating the excess of methyl iodide the oily residue was dissolved 
in acetone and the solution filtered. On concentrating and cooling, 
,a small quantity of yellowish-white, scaly crystals began to he 
deposited. The compound was collected and washed with a small 
quantity of cold acetone. On recrystallising from hot methyl alco¬ 
hol it melted sharply at 109°. The filtrate on evaporation of the 
acetone, left an oily residue, which was dissolved in methyl alcohol. 
On slow evaporation of the solvent, needle-shaped, yellow crystals 
melting at 121° were obtained. 

The disulphonium compound melting at 109° gave the following 
results on analysis: 

0-1656gave01215 CO., and 0*0428 H„0. C = 2Q-0S; H = 2'87. 

0-3418 „ 0-0735 Hg „ 0’2950 Agl. Hg=21*50; 1 = 46*63. 

C 16 H 20 I 4 S 2 Hg requires C = 19*51; H = 2*03; Hg = 20‘32; 

I = 51‘63 per cent. 

The monosulphonium compound melting at 121° gave the follow¬ 
ing results: 

0*2718 gave 0-1440 CO, and 0*0686 H,0. C = 14-45; H = 2*30. 

0*4152 „ 0-1132 Hg" „ 0-3912 Agl. Hg = 27*27; 1 = 50*91. 

CjjH 13 I 3 SHg requires C = 14*51; H = l*75; Hg = 27'25; 

1 = 51*90 per cent. 


Interaction of the Mercaptide Nitrite of p -Tolyl Mercaptan and 
Ethyl Iodide: Formation of the Compounds 
C 7 H 7 *SEt^’S^C-Hj)*HgI and C 2 H 5 -C e H 4 *SEt 2 I 2 *HgI. 

The method of procedure was exactly the same as described abo ve. 
The disulphonium compound melts at 120°: 

0-1235 gave 0*0240 Hg and 0-1111 Agl. Hg = 19-43; 1 = 48-63. 

C ls H 24 I 4 S 2 Hg requires Hg = 19*76; 1 = 50*20 per cent. 

The monosulphonium compound melts at 70°: 

0-1387 gave0-0946 C0 2 and 0*0320 H 2 G. C = 18*60; H = 2*54. 
0*2943 „ 0*0746 Hg* „ 0*2641 Agl. Hg = 25*70 ; 1='48*50, 
C 12 H 19 I 3 SHgrequiresC = 18*50; H = 2’44; Hg=25*77; 
1=49*09 per cent. 

Interaction of. the Mercaptide Nitrite of p -Tolyl Mercaptan and 
Propyl Iodide: Formation of the Monosulphonium Compound, 

C 7 H ? *SI 2 (C 3 H 7 ) 2 *HgI. 

In this case also' (compare p. 1151) the compound could not .he. 
brought into .the solid condition until it had been kept in a'' vacuum 
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desiccator for some days. Finally, it was crystallised from methyl 
alcohol, when it melted at 71° : 

01670 gave 01193 C0 2 and 0*0426 H 2 0. 0 = 19-48; H = 2*83. 
0-3006 „ 0-0764 Hg and 0*2520 AgL Hg = 25’42; 1=45-30. 

C 13 H 21 I 3 SHg requires C=19*75; H = 2'66; Hg=25*32; 
1=48*23 per cent. 

Interaction of p-(7 hloro phenyl Mercaptan and Mercuric Nitrite : 
Formation of the Compound C 6 H 4 Cl*S(hg)!S(HgN0 2 )*C 6 H 4 CL 

This compound was crystallised from boiling benzene solution: 
0-3576 gave 0-1662 Hg and 0-1600 AgCl. Hg=46*47; 01 = 11*07. 
C 24 H 16 0 4 N 2 Cl 4 Hg 3 requires Hg=47*39; Cl = ll-22 per cent. 


Interaction of the Mercaptide Nitrite of p-Chloro phenyl Mercaptan 
and Methyl Iodide: Formation of the Compound 
C 6 H 4 Cl'SMe 2 I 2 -BgI. 

This crystallised from hot methyl alcohol in yellow needles melting 
at 129°: 

0*2647 gave 0*1202 C0 2 and 0*0400 H 2 0. 0=12*38; H=1'68. 

0-3591 „ 0-0945 Hg, 0*4118 Agl + AgCl, and 0-2863 AgCl by 
chlorination. IIg = 26*32; 1=48*47; Cl = 6-19. 

C 8 H 10 ClI s SHg requires C = 12*73; H = l*33; Hg = 26*51; 

1=50*49; Cl=4*70 percent. 

The corresponding ethyl compound was at first deposited as an oil, 
but, when purified by repeated crystallisation, formed a yellow 
powder melting at 64°: 

0*2796 gave 0*1446 C0 2 and 0*0495 HA). C=14-ll; H = T77. 

0-4310 „ 0-1100 Hg, 0*4506 Agl + AgCl, and 0*3051 AgCl by 
chlorination. Hg=25*52; 1 = 46*83; CI=4’42. 

C 10 H 14 CH 3 SHg requires 0 = 15*34; H = T79; Hg = 25*57; 

1=48*71; Cl=4*54 per cent. 

..Reaction of Ethyl Sulphide and Mercuric Iodide with Alkyl 
Iodides. 

A mixture of ethyl sulphide and ethyl iodide was heated under 
refiux with an excess of mercuric iodide, when a golden-yellow liquid 
was obtained. It was dissolved in a minimum quantity of acetone 
and precipitated by ether and the process repeated, A yellow, crys¬ 
talline powder was obtained, which melted at 110°. A small quan¬ 
tity remained insoluble in acetone and melted at 146—147° (com- 
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pare Part VI). The compound melting at 110° gave the following' 
results; 

0*1984 gave0*0757 C0 2 and 0*0427 H 2 0. C = 10-41; H = 2*39. 
0-2775 „ 0*0764 Hg" „ 0*2708 Agl. Hg=27*53; 1 = 52*74. 

C 6 H I5 I 3 SHg requires 0 = 10*29; H = 2*14; Hg = 28*57; 
1=54*43 per cent. 

A mixture of ethyl sulphide and methyl iodide was treated with 
excess of mercuric iodide as above. The yellow, crystalline product 
melted at 65—67°: 

0*2652 gave 0*0862 COo and 0*052 H a O. 0=8*86; H = 2*180. 
0*5518 „ 0*1595 Hg" „ 0*5347 Agl and 0*1480 BaS0 4 . Hg = 

28*91; 1 = 52 36; S = 3*68. 

C 5 H 13 I 3 SHg requires C = S*75; H = l*90; Hg = 29*15; 1=55*53; 

S =4*67 per cent. 

The corresponding yellow, crystalline ‘propyl derivative melted 
at 88—89°: 

0*1904 gave 0*0861 COo and 0*0480 BUO. 0 = 12*33; H = 2*81. 

0*3796 „ 0*1038 Hg“ „ 0*3569 Agl. Hg = 27*35; 1 = 50*83. 

C 7 H 17 I 3 SHg requires 0 = 11*77; H = 2*38; Hg = 28*00; 
1=53*36 per cent. 

The corresponding yellow, crystalline butyl derivative melted at 
72—73°: 

0*3829 gave0*1874 CO* and 0*0673 H 2 0. 0 = 13*35; H = l*95. 
0*5745 „ 0*1565 Hgl Hg = 27*24. 

C 8 H 1 rjI 3 S'Hg requires 0 = 13*19; H = 2*61; Hg = 27*47 per cent. 

Chemical Laboratory, 

University College of Science, 

[Calcutta. [Received, May 12th, 1919.] 


CllL—Asymmetric Replacement in the metsi-Series. 

Part 1. 

' By William Henry Gough and Jocelyn Field Thorpe. ' 

The interaction of organic halogen derivatives containing two atoms 
of the halogen and substances of the type of potassium cyanide 
usually leads to the replacement of both halogen atoms and the 
consequent production of the corresponding dinitriles. If an 
insufficient quantity of potassium cyanide is present completely to 
effect this change, it generally happens that the whole of the 
cyanide is utilised in forming the dinitriles and.the. rest of the 
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diliaiogen derivatives remains unaltered. This is, at any rate, the 
usual course of the reaction when the halogen atoms are symmetric¬ 
ally placed in the organic molecule, although it is obvious that 
asymmetric substitution, that is, the successive replacement of the 
halogen atoms, with the intermediate formation of the compound 
in which only one halogen atom is substituted, can and does take 
place when the halogen atoms are in positions in the organic mole¬ 
cule which cause them to possess different degrees of reactivity, and 
therefore render one of them more open to attack than the other. 

There is thus no reason to suppose that the three oit/h-dibromo- 
xylenes (xylylene dibromides), in each of which the bromine atoms 


/N0H s Br 

l.JoHjBr 


CJtf-.Br 

/\ 


ortho-. 


meta-. 



are symmetrically placed to each other, would exhibit any funda¬ 
mental differences in their behaviour towards alcoholic potassium 
cyanide under the same experimental conditions, and yet the 
evidence brought forward in this communication shows clearly that 
whereas the o- and p-compounds are converted directly into the 
dinitriles without any intermediate formation of the bromonitriles, 
C 6 H 4 (CH 2 Br) *CH 2 *CN—even though an insufficient quantity of 
potassium cyanide to form the dinitrile is present—the bromine 
atoms in the meta-compound can be easily replaced successively, 
and that it is a simple matter to prepare the m-bromo-nitrile, of 
the above formula, in considerable quantities. In other words, the 
reaction between w m / -dibromo-o-(or p-)xylene and alcoholic 
potassium cyanide (equal molecules) is represented by equation (1), 
whereas equation (2) represents the reaction in the case of the 
meta-compound: 


(1) 2C 6 H 4 (CH 2 Br) s >+ 2KCN==C 6 H 4 (CH 3 *CN) 2 + 

C 6 H 4 (CH,Br) 2 + 2KBr. 

(2) C 6 H 4 (CH,Br) 2 + KCN = C 6 H 4 (CH 2 Br)*CH 2 *CN + KBr. ' 

It is certainly remarkable that this property of the meta-com¬ 
pound should have been hitherto unrecognised, because the con¬ 
version of all three woZ-dibromoxylenes into the nitriles has been 
carried out by several investigators. Indeed, it was while we were 
attempting to prepare the m-dinitrile by what we understood to be 
Shipping’s method that the isolation of this intermediate product 
occurred. It. happens that the reference to Kipping’s paper is 
quoted wrongly in “ Beilstein,” and the details of the preparation 
given there, which are evidently taken from the paper by Oddo 
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{Gazzetta , 1893, 28, ii, 338), state that twenty hours on the water- 
bath are sufficient to convert 13'4 grams of «'-dibrcmo-m-xylene, 

9 grams of potassium cyanide, and 500 c.c. of alcohol completely 
into the dinitrile and potassium bromide. As a matter of fact, in 
our hands these conditions' led to a 90 per cent, yield of the pure 
m-bromo-nitrile, and we were unable to isolate any trace of the 
dinitrile. A subsequent reference to Kipping’s paper (T., 1888, 
53, 41) showed that lie had heated his reaction mixture on the 
water-bath for a “considerable time.” It is certain, moreover, that 
Kipping’s product could not have contained any appreciable 
quantity of the bromo-nitrile, because he found that the crude oil 
formed in his reaction gave an almost theoretical yield of 1 
•;?A-plienylenediacetic acid when it was hydrolysed by alcoholic 
potassium hydroxide (ibid., p. 43). 

It seemed therefore desirable to carry put a series of comparative 
.experiments on the behaviour of the three toco'-dibromoxylenes 
towards potassium cyanide under different conditions in order to 
ascertain whether this property of asymmetric replacement was 
characteristic of the meta-series, and whether, in fact, we had to 
hand another example of abnormal behaviour in these derivatives. 

wod-Dibromo-o-xylene has been converted into the dinitrile by 
Baeyer and Pape (Ber., 1884, 17, 447); similar conditions were 
subsequently employed by Moore and Thorpe (T., 1908, 93, 175) 
for the preparation of large quantities of the compound. When 

10 per cent, more than the amount of potassium cyanide, represent¬ 
ing two molecular proportions, is used and the quantity of the 
solvent is reduced to a minimum, the reaction proceeds smoothly 
and is finished at the end of an hour, the heat generated being 
sufficient to carry the change to completion. 

The yield is good, and the only by-product accompanying the 
dinitrile is a small quantity of oily impurity of indefinite character; 
no trace of the bromo-nitrile can be detected. 

The interaction of one molecular 'proportion of anA-dibromo-o- 
xylene and one of potassium cyanide was investigated by Moore 
and Thorp© during the earlier experiments (Joe. cit.), but the details 
were not then published, because the' preparation of the.. inter¬ 
mediate bromo-nitrile, which was the object in view, was not 
achieved. , A description of this Work'is now.included in the experi¬ 
mental portion of, this .paper; it 'shows clearly that the reaction 
proceeds in accordance with equation (1) above. 

, . p-Phenylenediacetonitrile has been prepared by Klippert (Ber., 
1876, 9,. 1766) from caM / -dichloro-p i -xylene, and by Kipping (T., 
1888, 53,, 44)' from the corresponding dibromo-derivative. Kipping 
: found that the yield of the dinitrile was only approximately 56 per 
,'. ' VOE. GXV. ' V--.--." X X 
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cent, of the theoretical, the remainder of the product being an 
amorphous substance of resinous character; we agree with him that 
it does not appear possible to avoid the formation of this -seisin or 
to increase the yield of the dinitrile by varying the conditions. 
reaction under his conditions proceeds smoothly, but requires a 
longer time than is the case with the ortho-derivative ; no trace of 
the bromo-nitrile is formed. 

When one molecular proportion of ww'-dibromo-p-xylene and one 
of potassium cyanide are employed, the reaction proceeds in accord¬ 
ance with equation (1), approximately 50 per cent, of the dibromo- 
compound being recovered unchanged and the remainder being 
converted into the dinitrile. 

The references in connexion with the preparation of m-phenylene- 
diacetonitrile have already been given, and we have stated that, in 
our hands, the published experimental conditions led to the form¬ 
ation of the m -bromo-nitrile (I) as sole product. The constitution 
of this substance has been placed beyond question by its conversion 
into- the already known ow'-dihydroxy-m-xylene (II) (Colson, Ann. 
Chim. JPhys., 1885, [vi], 8, 1X2) by the action of freshly precipitated 
silver hydroxide. We have also further characterised it by the 
formation of the hydroxy-nitrile (III), the hydroxy-acid (IV), the 
ethoxy-derivative (V), and the acid (VI) which is formed by con¬ 
densing it with the sodium compound of ethyl malonate and hydro¬ 
lysing the product. Experiments were also carried out in order 


C'JEL'CN 


^JCEUBr 

< L > 

0M 2 *C0„H 
/\ • 
^CIH s -OH 

: (iv.) 


ch 2 -oh 
Ich 2 -oh 

CEL) 

CEL-CN 

/\ 

l^jGHo-OEt 

(V.) 


CEL-CN 

/\ 

J Ny l0H 2 -OH 

(HI.) 

ch.,*co 2 h 

a; 


gh. 2 -cb 2 *co,h 

(VI.) 


to ascertain whether the state of dilution of the potassium cyanide 
had araj influence on the course of the reaction in the three series, 
but this'-.,was found not to be the case, and it is evident, therefore, 
that the property of asymmetric replacement in a compound possess¬ 
ing' apparent symmetry, is characteristic of the meta-series. 
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Experimental. 

The Interaction of Alcoholic Potassium Cyanide (1 mol.) and 
a^,'~DihromQ-o-{and g-)%ylene (1 mol.). 

(i> to ! -Dibromo-o-xylene .—This operation was carried out in a 
maimer similar to that described in the earlier paper (Moore and 
Thorpe, T., 1908, 93, 175), but care was taken to keep, as far as 
possible, to the theoretical amounts required by equation (1) 
(p. 1156). 

.Fifty-three grams of pure coco'-dibromo-o-xylene melting at 95°, 
and in a finely ground condition, were added gradually to a boiling- 
solution containing 13 grains of Kahlbaum’s purest potassium 
cyanide, which had-been prepared by dissolving the cyanide in the 
smallest possible amount of cold water and adding three times the 
volume of absolute alcohol. When all the dibromide had been 
added, the mixture was allowed to remain for half an hour, when it 
was diluted with water, and the oil, which was then precipitated, 
extracted with ether. The dried ethereal solution was freed from 
the solvent, and the oily residue submitted to careful fractionation 
under diminished pressure (20 mm.). The fraction boiling below 
160° was then redistilled, and the portion boiling between 135° and 
140° collected. The distillate solidified, and was found to melt, 
without further purification, at 94—95°. An analysis (Found: 
Br = 60*71. C 3 H s Br 2 requires Br = 60*6 per cent.) proved it to be 
pure ttad-dibromo-o-xylene. The amount recovered weighed 24*7 
grams, or, in other words, it represented approximately 50 per cent, 
of the dibromo-compound originally used. 

to w •'-Dil romo-p-scylem .—In this case, the same conditions and 
quantities as those given above were used,, excepting that, after all 
the dibromide had been added, the mixture was heated on the 
water-bath for four hours. Fractionation of the oily product gave 
a quantity of distillate boiling below 160°/20 mm., and this on 
redistillation gave 25 grams of liquid boiling at 145°/21 mm., which 
rapidly solidified in the receiver. The solid melted, without further 
purification, at 143°, and an analysis (Found: Br= 60*56. C s H s Br 3 
requires Br~60*6 per cent.) proved it to be pure tow'-dibromo-p- 
xylene. In this case also it is evident that the reaction had pro¬ 
ceeded in accordance with equation (1) (p. 1156), and that approxim¬ 
ately 50 per cent, of the dibromo-compound had been recovered 
■ unchanged." ■ 

The residue left in the flask after the toto^-dibromo-o-xylene had 
been distilled off, together-with a small quantity obtained on sub¬ 
sequently re-fractionating the distillate, solidified on cooling, and 

x x '2 
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when recrystallised from alcohol yielded 14‘5 grams of pur© 
o-phenylenediacetonitrile melting at 60°. On the other hand, the 
residues from the wad-dibromo-p-xylene experiment, which also 
solidified oil cooling, gave only 8 grams of the dinitrile melting at 
98° when recrysfcallised. 

The Interaction of tnw r -Dibromo-m.-xylene and Alcoholic Potassium 
Cyanide under Different Conditions. 

(1) Experiments involving the Use of e><a ! -Dibromo-m.-xylene * 
(1 mol.) and Potassium Cyanide (2 mols.). (a) Odd.o'* Method 
{foe. cit.). 

w o) '-Dibromo-m-xylene (13 - 4 grams) and 9 grams of potassium 
cyanide (pure and finely ground) were mixed with 500 c.c. of 
alcohol and heated in a. flask fitted with a reflux condenser for 
twenty hours on the water-bath. The alcohol was then distilled off 
and water added, the precipitated oil and aqueous liquid being 
extracted by ether. The washed and dried ethereal solution yielded 
an oil on evaporating the solvent, which, when distilled under 
18 mm. pressure, gave 9'5 grams of a colourless oil boiling at 
140—141 °. This oil appeared to be the sole product of the reaction. 

(5) The quantities and conditions employed in this case were 
based on those used by Atkinson and Thorpe (T., 1907, 91, 1699) 
for the production of the three tolylacetonitriles. Sixty grams of 
pure, finely ground potassium cyanide were dissolved in the smallest 
possible quantity of water, and then diluted to 500 e.c. with alcohol. 
To this solution were added 50 grams of recrystallised coco'-dibromo- 
wj- xylene dissolved in 200 c.c. of alcohol. The whole was then 
heated on the water-bath under a reflux condenser for twenty-four 
hours, when it was noticed that, after the reaction had been in 
progress for two hours, an orange-coloured precipitate formed, the 
amount of which continued to increase for some time. At the end 
of the time specified, the alcohol was removed by distillation, water 
added in sufficient quantity to dissolve the potassium salts, and the 
mixture, after being cooled to 0°, filtered. The precipitate was 
then washed with hot alcohol, in which the nitrile is readily soluble, 
and the oil recovered from the alcohol in the usual way. It boiled 
at 140—141°/18 mm., and weighed 36 grams; there was no fraction 
of higher boiling point. The orange-coloured precipitate was 
purified by repeated extraction with hot alcohol and then with 
boiling -water. It was an amorphous'-substance evidently of high 
molecular weight, since it did not melt and was insoluble in all the 

* In all the experiments described in this section pure susa'-dibromo-m- 
xylene melting at 76-—77® was used. 
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usual organic solvents. An analysis showed it to contain N — 10‘4 
per cent., hut we have not as yet been able to assign any constitu¬ 
tion to it. Its formation was evidently due to the large excess of 
potassium cyanide used in the reaction. 

(c) Finally, an experiment was carried out in order to see 
whether the dilution of the potassium cyanide had any important 
influence on the nature of the product, the proportions used being 
the same as those given by Oddo. Thus, 53*6 grams of the dibromo- 
compound and 36 grams of potassium cyanide were taken, together 
with 500 c.c. of alcohol, that is, about one-fourth the quantity used 
by Oddo, the reaction being carried out in precisely the same way 
as described in experiment (a). Here again the sole product was 
a colourless oil boiling at 140—141°/18 mm., the weight obtained 
being 38 grams. 

(2) Experiment involving the Use of &<o f -Dibromo-m-scylene 
(1 mol.) and Potassium Cyanide (1 mol.). —The conditions used in 
this experiment were the same as those given in the case of 
(!>m ; -dibromo- 0 “(and ^xylene on p. 1159, the mixture being, how¬ 
ever, heated for ten hours on the water-bath before being worked 
up. In this case, the whole ■ of the liquid product boiled at 
140-—141°/18 mm., that is, at practically the same temperature as 
the dibromo-compound used. An analysis showed, however, that it 
was the pur© bromo-nitrile (Found: Br=38*12. C 8 H 8 Br 2 requires 
Br = 60*6; C 9 H s NBr requires Br= 38*1 per cent.). The yield was 
almost theoretical. 


m-Bronio-m-tolylaeetomtrile (I, p. 1158). 

This substance, prepared by any of the methods described above, 
is a colourless, mobile liquid which, as already stated, boils at 
140—141°/18 mm., or, with slight decomposition, at 220—221°/ 
756 mm. The yield is approximately 90 per cent, of that 
theoretically possible: 

0-0863 gave 0*1625 C0 2 and 0*0313 H 2 G. C = 51-45 j H=4‘05. 

0*2099 (by Garins' method) gave 0*1879 AgBr. Br=38*10. ' 

0*4865:'(by alcoholic AgN0 3 ) required 0*3698 AgN0 3 , Br = 37:*99". 

CgHgNBr requires C = 51:4| H = 3*8; Br=38*l per cent. ' 

. An attempt to determine the nitrogen content: failed, owing to 
the fact, that the substance reacted with copper oxide at the ordinary 
temperature, and the combustion was therefore practically complete 
before the air had been' swept -from' the. tube. An estimation was 
. carried: out by K j el dahl’s method, but her© again no accurate result 
’was obtained,, due doubtless to the destruction of -part of the 
ammonia by the bromine liberated. The bromo-nitrile is in many 



1162 GOUGH AND THORPE : ASYMMETRIC REPLACEMENT 

ways a curious compound, and is very inert towards most of the 
usual reagents. For example, it is not acted on by concentrated 
hydrochloric acid even after prolonged boiling, and is unaffected 
by 64 per cent, aqueous potassium hydroxide or by mild reducing 
agents. On the other hand, it gives a characteristic reaction with 
concentrated sulphuric acid, forming, even when only very small 
quantities are used, a deep reddish-brown solution which rapidly 
sets to a jelly. The action of water precipitates a yellow powder 
which, as the following analysis shows, possesses the same empirical 
formula as the original hromo-nitrile: 

0-1563 gave 0-2940 CO, and 0-0549 H,0. C = 51*3; H = 3'9. 
0-2542 „ 0*2270 AgBr. Br = 38’0." 

0*2136 „ 12 c.c. m at 15° and 765‘8 mm. N = 6*65. 

C 9 H 8 NBr requires C = 51’4; H,=3*8; N = 6*7; Br = 38-1 per cent. 
The structure of this substance is under investigation. 

wet/ -Bihydroxy-ra.~xylene (II, p. 1158) and w -Hydroxy-m-tolyl- 
acetanitrile (III, p. 1158). 

The bromo-nitrile is readily converted into a mixture of these 
two substances when it is treated for half an hour with an excess 
of freshly precipitated silver hydroxide. The oil, which can be 
extracted from the product, after filtration, by ether, can be readily 
separated into two fractions, one boiling at 154—159°/13 mm., and 
another boiling at 145° under the same pressure. The former 
solidifies on keeping "and melts at 47° (Found: C = 63'6; H = 7*2. 
C 8 H 10 G 2 requires C = 69*5 • H = 7*2 per cent.). Since it readily 
gives isophthalic acid on oxidation, it is evidently wa/-dihydroxy- 
m-xylene, originally prepared by Colson (loc. cit.). The fraction 
of lower boiling point (145°/13 nun.) was analysed : 

0*1403 gave 0-3770 CO, and 0*0770 H,0. C = 73’3; H = 6*l. 
0*1346 „ 10*95 c.c. N, at 16° and 762*3 mm. N=9*54. 

CjjHgON requires C = 73*5; H = 6*l; 17 = 9*5 per cent. 

It is evidently (o-hydroxy-m-ialylacetonitrile, since it yields 
(D-hydroxy-?n-tolylacetic acid (see below) on treatment with hydro¬ 
chloric acid. The hydroxy-nitrile is a colourless, pleasant-smelling 
oil which decomposes when distilled under the ordinary pressure. 
Although their boiling points lie so close together, the separation 
of these two compounds by fractional distillation is complete. 

m-Hydroxy~m.-tolylacctic Acid (IV, p. 1158). 

This acid can be prepared from the above hydroxy-nitrile by boil- 
ing it with concentrated hydrochloric acid, and from the hromo- 
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nitrile by treatment with aqueous sulphuric acid (1:1) in a sealed 
tube for sis. hours at 150°. The acid is extracted by ether, and it 
is advisable to neutralise the residue, left after evaporating the 
ether, with dilute ammonia, and again to extract with ether, in 
order to remove non-acidic impurities, before finally precipitating 
the acid by means of hydrochloric acid. It crystallises from dilute 
hydrochloric acid in white, glistening plates melting at 128°: 

0-1532 gave 03656 C0 2 and 0-0335 H 2 0. C = 65'0; H = 6'05. 

C 9 H i0 O 3 requires C=65T; H — 6'0 per cent. 

The acid is freely soluble in alcohol, ether, or hot water. 

c o-Ethozy-m-tolylaeetonitrile (V, p. 1158). 

The bromo-nitrile (10'5 grams) is converted into this ethoxy- 
derivative when it is treated with an alcoholic solution of sodium 
ethoxide—prepared by dissolving 1-2 grams of sodium in 30 c.c. 
of alcohol—in the first instance at the ordinary temperature for 
eight hours, and finally on the water-bath for one hour. Water is 
then added and the oil extracted by ether, the dried ethereal solu¬ 
tion leaving a residue on evaporation which, on distillation, yields 
the ethoxy-derivative as a colourless, mobile oil boiling at 
161—1620/13 mm.: 

0-1020 gave 0*2790 C0 2 and 0-0712 BUG. C=*74-59; H = 7‘6. 

0-1285 „ 8*60 c.c. Kb at 14° and 768-1 mm. 1ST = 7*99. 

C n H !3 ON requires C = 75*4; H = 7’4: 3$T = S-0 per cent. 

It is a remarkable fact that although the above Dumas estima¬ 
tion gave results in accordance with theory, and that the odour of 
ammonia could be detected when the compound was hydrolysed by 
alkali, several very careful tests by the metallic sodium method 
failed to reveal a trace of nitrogen. 

The Condensation of 'Ethyl Sodiomcdouate with ■w-Bromo-m-tolylr 

acetonitrile. 

Ethyl m-Cyano-m-meihylbenzylmalonate, 

C 6 H 4 (CH 2 -CN)-CH 2 -CH(C0 2 Et) 2 . 

—This substance is formed by allowing a solution containing 16 
grams of ethyl malonate, which .has been- converted into its sodium 
derivative by means of 1*2 grams' of sodium, dissolved in 30. grams 
of alcohol, to react with 10’5 grams of the bromo-nitrile at the 
temperature of the water-bath for four to five hours... 'It is pre¬ 
cipitated as an oil on .the addition of water, .and nan be extracted, 
with ether-, and: isolated in the usual way. . .The ester boils at 
201—203°/18 mm.: ' 
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0-1266 gave 0-3082 C0 2 and 0*0754 H 2 0. 0 = 66*39; H = 6*62. 

0‘3012 „ 12'9 c.c. N 2 at 17° and 764-4 mm. N = 4'9. 

Ci 6 HiAN requires 0 = 66*4; H = 6*6; N = 4‘8 per cent. 

The ester is quickly hydrolysed, by a solution containing rather 
more than the calculated quantity of sodium hydroxide, at a gentle 
heat, and the acid, C 6 H 4 (CH 2 *CN)*0H 2 *CH(C0 2 H) 2 , is formed as a 
crystalline precipitate when the solution is acidified. It was not 
found possible, however, to recrystallise this acid, because when its 
solutions in solvents are heated, carbon dioxide is quickly 
eliminated. If, for example, its aqueous solution is boiled, 
fi-a)-cyano-m-t olylpro pi onic acid, C 6 TI 4 (CH. 2 * CN) * CH 2 * C Hy C0 2 H, 
separates on cooling. This acid crystallises from water, contain¬ 
ing a little hydrochloric acid, in white, glistening plates melting at 
148°, and closely resembling anthracene in appearance: 

0-1124 gave 0*2878 C0 2 and 0'0590 H 2 0. 0 = 69-79* H = 5'90. 

0*1758 „ U *5 c.c. K 2 at 20° and 757*9 mm. N = 7*41. 

C n H n 0 2 N requires (5=69*8; 11 = 5*8; N = 7*4 per cent. 

&-*o-Carb oao/-m -tnlylpropionic Acid (VI, p. 1158). 

This acid is best prepared from the cyano-acid described above 
by dissolving it in three times its weight of concentrated sulphuric 
acid, allowing the solution to remain for two hours, and then, after 
diluting it with three times its volume of water, boiling for three 
hours. The acid is then collected and washed with ether, being 
finally recrystallised from dilute alcohol, when it is obtained in 
fine needles which melt at 132°: 

0*1045 gave 0*2431 C0 2 and 0*0543 H s O. 0 = 63*40; H=5*82. 

O n H 12 0 4 requires C = 63*5; H = 5*8 per cent. 

The acid is sparingly soluble in hot water or ether, hut readily 
so in alcohol. The calcium salt is insoluble in hot water, and the 
potassium salt crystallises from water in plates. 

This work was carried out during the tenure by one of us 
(W.H.G.) of a fellowship granted by the Salters’ Company. 

The Imperial College oe Science and Technology, 

South Kensington. [Received, September 3rd, 1919.} 
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01 V. — Molecular-weight - Determination by Direct 
Measurement of the Lowering of the Vapour 
Pressure of Solutions. 

By Robert Weight. 

The direct measurement of tile vapour pressure of solutions has 
never been very extensively used as a means of determining mole¬ 
cular weights. The barometric method as originally employed by 
Raoult is too cumbersome for general use, and at the ordinary 
temperature the lowerings of the vapour pressure obtained with 
most solvents are too small to admit of accurate measurement by 
this means. A simple method for use with a volatile liquid, such 
as ether, was described in a former paper (P., 1912, 28, 96), but 
it is quite unsuitable in the case of the more common solvents. 

Menzies ( J. Amer. Chem. Soc., 1910, 32, 1615) has described an 
apparatus in which the lowering of the vapour pressure produced 
by a solute is measured at the boiling point of the solution, the 
mancmetric liquid used being the solution itself; so* that, both on 
account of the high temperature of the determination and the 
sensitiveness of the manometer, very dilute solutions can be 
employed in the measurements. 

The apparatus about to be described resembles that of Menzies 
in that the solution is used as the manometric liquid, but all 
measurements are carried out at the ordinary temperature, and as 
the apparatus is of simple design, it can readily be constructed of 
ordinary laboratory material. A flask, or bottle, of 150 c.c. 
capacity is fitted with a ground-in delivery tube which carries a 
well-fitting tap placed just above the flask, the other end of the 
delivery tube passing almost to the bottom of a test-tube about 
20 cm. long and 2—3 cm. wide. The neck of the test-tube is fitted 
with a hollow stopper, through which the delivery tub© is sealed ; 
the stopper also carries a side-tube fitted with a tap. It will be 
seen, that the test-tube is of. the same construction as an ordinary 
Dreehsel gas-washing bottle fitted with a stop-cock; in fact, the 
first piece of apparatus employed consisted of such a wash-bottle; 
it was,'however, abandoned, on account of..the large amount of 
solution., required, and the smaller test-tube substituted. 

In carrying out a determination, a weighed quantity of the 
solute is placed in the test-tube, and after both flask and tub© have 
been half filled with solvent, the apparatus is connected together, 

X X* 
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all ground connexions being carefully treated with rubber grease. 
The apparatus is now exhausted by means of a filter-pump so that 
all air is boiled out of both solvent and solution; to assist this boil¬ 
ing-out process, the flask containing the solvent may be heated 
gently, either with the hand or by means of a beaker of warm 
water; it is also advisable to sweep out the air in gusts by 
alternately closing and opening the tap between the flask and test- 
tube. 

When exhaustion is complete, a process which should occupy 



about half an hour, both taps are closed. and the apparatus is left 
to itself for two or three hours to attain the ordinary temperature. 
The tap between the flask and test-tube should be closed during 
this period to prevent the forcing back of the solution into the 
pur© solvent as a result of accidental leakage of air- into the' test-; 
tube.. When; the. ordinary temperature has been reached, the . tap 
.above. the : flask is gently opened, and as the vapour pressure of the 
solvent exceeds that of the solution, the liquid in the delivery tube 
is depressed below the ordinary level of the liquid in the test-tube. 
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This difference in height is measured either by means of a eatheto- 
meter or by having the delivery tube graduated in mm.; in either 
case, the observed height must be corrected for capillarity. As a 
check on the manometer reading, it is usually advisable to re¬ 
exhaust the apparatus without warming the solvent flask, and as 
the solution in the test-tube will remain practically unchanged in 
volume, a second pressure-reading almost identical with the first 
should be obtained. The temperature of the room is noted at the 
same time as the manometer reading is taken, and air is then 
admitted to the apparatus by gently raising the tap above the flask 
out of its seat, care being taken to prevent a violent inrush of air; 
the effect of capillarity is now noted,'after which the test-tube is 
removed and weighed, and the mass of the solution so determined. 
If the solution is a concentrated one, its density should also be 
measured; in the ease of dilute solutions, the density may be con¬ 
sidered as equal to that of the solvent. 

The molecular weight of the solute is calculated from the usual 
formula for the lowering of the vapour pressure, 

¥ - P ’ Sm 

(P~P')& 

where if and m are the molecular weights of the solute and solvent, 
S and s their weights in grams, P the vapour pressure of the pure 
solvent, and P 1 that of the solution. The vapour pressure of the 
pure solvent at the temperature of the experiment is obtained by 
consulting tables, interpolating, if necessary, on the assumption 
that the curve connecting the logarithm of the vapour pressure and 
the temperature is a straight line. 

The results obtained with alcohol and carbon tetrachloride as 
solvents are shown in the following table: 

Alcohol as Solvent. 


Solute S. s. T. P. 3. P-P'. M. M( true) 

Benzole acid . 5-698 78 19-5 42-6 17-S 1-084 128 122 

Carbamide . 4-043 108 19-0 41-4 21-0 1-237 56 60 

;; Acetamide . 3-781 102 17*0 36-6 17-5 1-039 59 69 

Garb on Tetrachloride as Solvent. 

* ' ■ . ■ 

Naphthalene . 0-784 48 15-5 73-3 13-0 1-517 118 128 

Phenanthrene ... 1-072 49 19*0 87*1 14*6 1*697 168 178 


The headings of the different columns have the- meanings ascribed 
to them in the formula.. .Column H .gives .the manometer readings 
in mm. of the solution, the heights being corrected, for capillarity. 

/ . With' regard to the solvents that may be employed, water is. not 

X X* 2 
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suitable, both on account -of its very small vapour pressure and its 
low molecular weight. Alcohol and carbon tetrachloride were both 
satisfactory, although, the latter showed some tendency to dissolve 
the rubber grease with which the taps were coated. The solvent 
action of the vapour on the tap lubricant quite prevented the us© 
of benzene, and the plan of treating the taps with syrupy phos¬ 
phoric acid instead of rubber proved unsuccessful, as the taps so 
lubricated seemed incapable of holding a vacuum. 

A point of theoretical interest might be mentioned, as it applies 
both to the above method and that of Menzies. The vapour in 
the flash and delivery tube is confined between the pure solvent in 
the flask and the solution in the tube, and therefore it might be 
concluded that its pressure would lie between the values P and P f . 
Further consideration, will show, however, that such a state is not 
in equilibrium, and that distillation will take place from the high 
pressure to the low, that is, from the solvent to the solution, until 
a layer of pure solvent is obtained lying on the top of the solu¬ 
tion in the delivery tube, under which conditions the pressure of 
the vapour in the flask and delivery tube will be equal to that of 
the pure solvent. 

Chemical Laboratory, 

Queen's University, Belfast. [Received, June 2 5 th , 1919.] 


CV .—The Constitution of Carbamides. Part X. 
The Behaviour of Urea and of Thiourea towards 
Diazomethane and Diazoethane respectively . 

The Oxidation of Thiourea by Potassium Per¬ 
manganate, 

By Emil. Alphonse Werner. 

It was shown by Degner and .von Peehmann (Ber., 1897, 30, 647) 
that urea is indifferent towards diazomethane dissolved in ether. 
In a recent eommtmxcation (this vol., p. 1098), the “author has 
drawn .attention to the* ■ fact that the action, of ■ diazomethane as a 
methylating agent can be conveniently studied in alcoholic solution. 
It was considered desirable, therefore, to test the behaviour of urea 
under this condition, since the result of Degner and von PeehmamTs 
experiment could not be reasonably accepted as final, on account of 
the insolubility of urea in ether. 



WEBSTER: THE CONSTITUTION OS’ CARS AMIDES. PAST X. 1169 

It is now shown that even when diazomefchane was generated in 
situ with urea dissolved, in alcohol, which had "been previously dried 
by means of diazomethane, the whole of the urea was recovered un¬ 
changed after it had remained for twenty-four hours in contact ■ 
with the reagent. A similar result was obtained with diazoethane. 
This fact is in perfect agreement with the view that the cyclic 
form of the urea molecule alone obtains in a neutral solution. The 
reactive “amino-hydroxyl” configuration occurs only when a 
sufficiently strong acid or alkali is present, that is, under such con¬ 
ditions that a salt of the type HNtC(OH)*NH 2 ,HX or 

hn:c(OM)*nh 2 , 

as the case may be, can exist in solution (T., 1918, 118, 88). 

The case of thiourea is different. Its behaviour towards iodine, 
with the. formation of formamidine disulphide (T., 1912, 101, 
2175), the well-known reaction with alkyl haloids, whereby thio- 
esters of the type HNIC(SR,)'NH 2 are produced, and particularly 
its reactions with nitrous acid (T., 1912, 101, 2180; 1913. 103, 
1221), all go to prove that in a neutral solution thiourea must be 
present in two molecular forms in equilibrium, thus; 

<«■> hn':c<| u ’ = hjst:c<™ 5 (6) 

It may be well here to point out a fact which was not. shown 
before (Expt. VI), namely, that, in contrast with urea (T.. 1917, 
111, 875), thiourea is rapidly decomposed by nitrous acid alone 
(at concentration V/30), according .to the equation 
CSN„H 4 + HN0 2 - HSCN + X 2 + 23^0. 

It is obvious that it is form ( b) that is attacked by way of the 
amino-group, since the sulphur remains in its original state of 
combination in the decomposition product, namely, thiocyanie acid. 

Convincing evidence in support of the above view is supplied by 
the fact that thiourea is attacked by diazomethane in alcoholic 
solution, thus.;.' .■ 

hs*c(:nh)-nh,+ch 2 n,=ch s *s*c<:nh)*nh 2 +n,. 

: The so-called methyhkothiourea * was readily isolated in the form 
of its picrate, which melted at 221°. The reaction proceeded slowly 
at first, indicating the .presence'.of form (5) in small, amount'; as 
the. temperature gradually rose, the velocity of the change from 
’• (a).to (b) was,.rapidly ; .prom.oted. Since the free base., is unstable, 

* The term “ isothiourea ” is commonly used with reference to its relation 
to the “ thiocarbamide ” formula, the existence of which the author does'not 
admit under any conditions. Thiourea is “ wothioureal’ in its reactive form 
in solution. 
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it was partly decomposed, with the production of methyl mercaptan, 
the odour of which was evident as soon as the reaction commenced. 

Ethyh’sothiourea pi crate, which melted at 188°, was isolated from 
the reaction product when diazoethane was used, the change having 
proceeded on lines similar to the above. 

When thiourea was treated with two molecular proportions of 
diazomethane, the excess of the latter showed no tendency to attack 
the mefchykkothiourea formed in the first instance, a result which, 
taken into consideration with the indifference of urea towards diazo¬ 
methane, shows that an imino-group in the form HN'CT is not 
methylated by the reagent. In this connexion, it is interesting to 
not© that the system *CO*NH>CQ* is capable of methylation; thus 
Pechmann {Bet., 1895 , 28, 855) obtained methylphthalimide, and 
Niereiistein {-private communication ) methylsuccinimide, from their 
respective parent compounds. 


Oxidation• of Thiourea by Potassium Permanganate. 


Interesting evidence in support of the existence of the two forms 
of thiourea in solution is supplied by a study of its oxidation by 
potassium permanganate under different conditions. 

It was shown (T., 1912 and 1913, Toe. cit.) that, in the presence 
of a sufficiently strong acid, a salt of isothiourea (5) was alone pre¬ 
sented for attack, and hence formamidine disulphide was produced, 
thus: 


2Hx:c<; 


,kh 2 ,hx 

SH 


+ O = 


-XH,H 2 N 

hn:c- s—s - c:nh +h 2 o‘ 


Since the change from (a) to (&) is likewise promoted by the 
presence of alkali, oxidation in the presence of the latter should 
proceed on similar lines. This was found to be the case, but as 
formamidine disulphide cannot exist in the free state, its chief 
product of decomposition, namely, cyanamide, was obtained. The 
yield was 65 per cent, of the theoretical, whilst a certain amount of 
cyanic acid (as NaOCN) was also formed. The mechanism of this 
change has yet to be fully studied, but one of the chief points to be 
noted is that no urea was produced under either of the above 
conditions. 

Maly (Monatsh., 1890, II, 277) has shown that urea is formed, 
when thiourea is oxidised by potassium permanganate in a neutral 
solution, and .whilst nearly-all of the sulphur is oxidised to sulphuric 
acid, it was noted that the proportion of oxygen fell short of that 
required by the equation 

CSN 2 H 4 + 0^=C0N 2 H 4 + SO,, 
which was given to represent the change. 
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A recent statement by Schmidt {Arch. Pharm., 1918, 256, 808), 
in referring to Maly’s experiment, that thiourea is quantitatively 
changed into urea by potassium permanganate, cannot be upheld.* 
Maly distinctly stated that ‘’ the yield of urea was deceptive,” and, 
as a matter of fact, only 5 grams of urea (theory = 12 grains) were 
obtained from 15*2 grams of thiourea, and no explanation was given 
to account for the deficiency. A repetition of Maly’s experiment 
gave a yield of urea equal to 44*4 per cent, of the theoretical, and 
whilst 98'7 per cent, of the sulphur was oxidised to sulphuric acid, 
the amount of potassium permanganate required to decompose the 
whole of the thiourea was approximately nine-tenths of the 
theoretical for four atoms of oxygen. Whilst ammonia and a small 
amount of carbon dioxide were formed as by-products, a crystalline 
substance having the composition C S H 7 N 5 was isolated. This gave 
a silver derivative, C 3 H. 7 N 3 Ag.>., and the constitutional formula 
HN:C(NH 2 )*C(:NH)-C(NH ? ):NH is provisionally suggested to 
explain its formation. 

Since urea could not be formed by the oxidation of isothiourea 
(form h), and as there was no evidence of the generation of cyanic 
acid during the reaction, the production of urea must, in all 
probability, have resulted from a direct replacement of sulphur by 
oxygen in the cyclic molecule (form a). It seems reasonable to 
expect that during the progress of such a change, since ammonia 
was one of the products, some thiourea would be decomposed, thus: 


.N/PP. 

hn:oi< . 

\-8 


and from the union of HNICI with two formamidine residues, 
HN!C*NH 2 , derived from the oxidation of isothiourea (&), the com¬ 
pound C 3 H 7 N 5 would result. 

The oxidation of thiourea in neutral solution is therefore in 
perfect agreement with the views put forward. 


Experimental. 

Interaction of Thiourea and Diazontethane and Diazoethrme 
Respectively . 

Expi. I. —1*52 Grams of thiourea and 2'1 grams of. nitroso¬ 
methyl urea were dissolved.in 30 e.e. .of; alcohol which had been 

* A tendency to. magnify unduly one change, to the exclusion of all others, 
has been, very prevalent throughout the chemistry of urea, and, in the 
■author's "opinion, has been responsible for many of the erroneous conclusions 
which have been made. ' 
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previously dried * by means of diazomethane. A solution of sodium 
ethoxide, prepared from 0*46 gram of sodium in 20 c.c. of alcohol, 
was added. There was at first a feeble evolution of nitrogen, which 
gradually became quite vigorous as heat was developed, and after 
about twenty minutes the golden-yellow colour of the solution had 
completely disappeared. 

The solution, freed from the sodium cyanate which had been pre¬ 
cipitated (see this vol., p. 1099), was added to 30 c.c. of a cold 
saturated aqueous solution of picric acid, the alcohol was removed 
by evaporation, and the sparingly soluble picrate which had 
separated on cooling was collected and purified by recrystallisation 
from hot water. It melted at 221°, which was also the melting 
point of the picrate prepared from the product of the action of 
methyl iodide on thiourea. 

Expt. II, —This was similar to the above, but 4'2 grams of nitroso- 
methylurea and 0-92 gram of sodium dissolved in alcohol were used 
(that is, 2 mols. of diazomethane generated). After the evolution 
of nitrogen had ceased, the residual liquid had a rich golden-yellow 
colour, and after twenty-four hours it was dealt with as described 
under Expt. I, no other picrate than that which melted at 221° 
being isolated from the product. Excess of diazomethane was 
therefore without action on methvHsothiourea. 

Ex pi. III. —1*52 Grams of thiourea and 2*35 grams of nitroso- 
ethylurea were treated as in Expt. I. Similar phenomena were 
observed, and a picrate was obtained which melted at 188°: 

0TS97 gave 33-4 c.c. N 2 at 14° and 761/5 mm, N = 20*8. 

C 3 H 8 N a S,C 6 H 3 0 7 N requires lsT = 2TG8 per cent. 

A picrate prepared from the product of the interaction of ethyl 
bromide and thiourea melted at 188°. 

Experiments with urea, carried out in a similar manner, gave 
negative results. 

Oxidation of Thiourea by Potassium Permanganate. 

A. In Eeutral Solution. Expt. IV. —To 0*076 gram of thio¬ 
urea dissolved in 25 c.c. of water, 0*421 gram of potassium per¬ 
manganate dissolved in 60 *c,c. of water. was. added.After . the 
reaction bad been completed in the cold, the product was heated to 
100°. The filtrate and washings gave BaS0 4 == 0*23 gram. Theory 
requires BaS0 4 = 0*233 gram. Hence 98*7 per cent, of the sulphur 
was oxidised to S0 3 . 

* A small quantity of a concentrated ethereal solution of diazomethane 
was added to pure alcohol until the solution retained a pal© yellow colour., 
after remaining for twenty-four hdois.''- • " • 
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Expt. V. — 22’S Grams of thiourea were dissolved in 400 c.c. of 
water, and • a hot saturated solution of potassium permanganate was 
added (about 116 grams were required) until a slight excess of the 
reagent remained after the product had been heated to 100° for 
five minutes. The filtrate and washings from the precipitated 
manganese dioxide were evaporated to dryness at 100°, and the 
residue was extracted with hot alcohol. After concentration of the 
latter solution, 1*2 grams of crystals, which had separated in rosette- 
like conglomerates of slender, glistening prisms, were collected. 
They were purified from the accompanying urea by recrystallisation 
from hot alcohol: 

0*1868 gave 0*22 C0 2 and 0*1088 H 2 0. 0 = 32*11; H = 6*47. 

0*1216 „ 64*7 c .c."N 2 at 17° and 763*25 mm. H=82*28. 

C s H 7 isT 5 requires 0 = 31*85 ; H = 6*19: N = 61*96 per cent. 

The compound decomposed without melting at above 200°, 
ammonia being evolved. On addition of ammoniacal silver nitrate 
to the aqueous solution, a bulky, white precipitate was formed. 

0*2 Gram dissolved in dilute nitric acid required 12*2 c.c. of 

N/IO-KSCN. Ag = 65*88. 

C 3 H 5 N 5 Ag 2 requires Ag —66*05 per cent. 

Bight grams of nearly pure urea were obtained from the mother 
liquor of the above compound, equal to 44*4 per cent, of the 
theoretical. 

B. In Alkaline Solution. Expt. VI. —-To 0*152 gram of thiourea 
dissolved in 25 c.c. of water, 3 c.c. of JV-sodiitni hydroxide and 
0*842 gram of potassium permanganate dissolved in 100 c.c. of 
water were added. The oxidation was completed in a few minutes, 
after which the product was filtered and the precipitated manganese 
dioxide washed free from all soluble matter. The cyanamide 
present in the filtrate required 26 c.c. of if /10-ammoniacal silver 
nitrate for precipitation. Cyanamide found=0*0546. Theory 
requires 0*084. Hence 65 per cent, of the theoretical amount of 
cyanamide was present. ' Sodium, eyanate, the amount of which was 
not determined, was also.present, but whether this was derived from 
the direct oxidation of thiourea or from cyanamide first formed has. 
not yet been ascertained. ■ Ho urea was detected in the solution. : 

Interaction of Thiourea and Nitrous Acid at Concentration N/30. 

Expt. VII. —0*076 Gram of thiourea and 0*072 gram of sodium 
nitrite were dissolved in 29 c.c. of water in the nitrometer, and 
1 c.c. of N- acetic acid was added. Evolution of nitrogen at a 
moderate rate commenced after a few seconds. 



1.174 NIBRBNSTBIN : THE TANKIN’ OF THE KNOPPER QAIi. 


Vol. of N a (after forty minutes) = 23*6 c.c. at 17° and 767 mm.- 
21*99 c.c. at N.T.P . Theory requires N 2 =22*4 c.c. 

Under similar conditions, urea gave no nitrogen even after 
remaining for three days (compare T., loc. cit .). 

University Chemical Laboratory, 

Trinity College, Dublin. {Received,"September 9 th , 1919.] 


CVI.-— -The Tannin of the Knopper Gall. 

By Maximilian Nxerenstein. 

The “ Knopper Galls ” (compare E. T. Connold, “ Plant Galls of 
Great Britain,” 1909, 254) or “ Knoppern.,” as they are known in 
the tanning industry (compare H. R. Procter, “The Principles of 
Leather Manufacture,” 1903, 262), are the galls produced by 
Cynips calicis, Burgsdorff, on the immature acorns of various 
species of oaks, principally Quercus cerris of the Slavonic plains, 
where these galls are known locally by their Slavonic and Hun¬ 
garian names, “ Sisarca ” and “ gubacs ” respectively.* Their 
occurrence in Great Britain on Quercus pedunculata and also 
Quercus sessilifiora has been recorded by E. T. Connold (“ British 
Oak Galls,” 1908, 143), who refers to them also as “Gall-nuts.” 
Lowe (Zeitsch. anal . Che.m., 1875, 13, 46), who has carried out the 
only published investigation on knoppern tannin, described it as 
being identical with gaH'otannin. This, however, is not the case, as 
will he seen from the present communication. It is found that 
knoppern tannin yields on hydrolysis, in addition to dextrose, not 
gallic acid, as is the case with gallotannin, but mainly ellagic acid 
(II) in common with other “ bloom ” (ellagic acid) producing 

* I am indebted for some of this information to Dr. Jan Jedlieka, whom I 
have also to thank for the knoppern used in this investigation. Dr. Jedlieka 
drew my attention to the ease with which the knoppern extracts deposited 
ellagic acid which he thought was due to the presence of a ferment in these 
galls, since he had succeeded in preventing the formation of ellagic acid by 
prolonged boiling of the extracts. I have attempted to isolate this ferment, 
but without success. In this connexion I may mention that I also found 
that emulsin has no effect on knoppern tannin, which is of interest since this 
ferment readily hydrolyses the tannin of TmninaUa chebula into dextrose, 
luteoic acid, and ellagic acid (Ber., 1910, 43, 1268), On the other hand, I 
found that PmicilUum produces ellagic acid from knoppern tannin which 
corresponds -with the formation of gallic acid from galiofcannir by 
Pmimlliwm (compare Knudsen, J. Biol. Ohm,., 1912, 14, ISt,; Assb «L' Coll' 
Sd. Tokyo, 1918,39, 28). 
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tannins (compare A. G. Perkin and Nierenstein, T., 1905, 87, 
1412). It is also observed that methylated knoppem tannin yields 
on hydrolysis a mixture of partly methylated luteoic acids (I), 
which give on further inethylation with diazomethane methyl 
peiitamethoxyluteoate (III). The latter substance was found to be 
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identical with the lactone of methyl 2-hydroxy-3:4 :4 / : 5 f : O^penta- 
methoxydiphenyl-6; 2'-dicarboxylate (III), previously described by 
Herzig and Polack (Monatsh.. 1908, 29, 263). Prom these observa¬ 
tions it is provisionally concluded that the knoppern tannin mole¬ 
cule is composed of luteoic acid (I) and dextrose, the luteoic acid 
being predominant. Luteoic acid, which is an oxidation product 
of gallotannin (Ber., 1908, 41, 3015), has also been found to be 
the predominant component of the tannin of Temvinalia chebula 
(Ber., 1910, 43, 1267). Reference ought also to be made to the pres¬ 
ence of galloyl-Meueine in the fat extracted from the knopper gall 
(Zeitsch. physiol. Ghent., 1914, 92, 53), and the production of 
ellagic acid from galloylglycine by Pemcillium (Biochem. J., 1915, 
9, 240), which observations, in conjunction with the suggested con¬ 
figuration of knoppern tannin, may be regarded as further evi¬ 
dence in support of the assumption made (Biochem. J., 1915, 9, 
241) that some nitrogenous gallovl derivatives serve as foodstuffs 
for the growing, gall-producing parasites and at the same time 
lead to the formation of “pathological 5 ' tannins, such as', gallo¬ 
tannin, knoppern tannin, and the other tannins found in galls 
(compare Nierenstein, Ber.. 1910, 43, 628; Drabble and ■ Nieren- 
.stein, Biochem. J., 1907, 2, .96; Nierenstein and Webster, Ber., 
1908, 41, 80). 

Expebimental. 

Preparation of Knoppern Tannin. 

The powdered and finely sieved knoppern were at first extracted 
with boiling chloroform or s-tetrachloroethan e, so as to remove the 
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so-called gall-fats.* The carefully dried, powder was subsequently 
extracted with boiling acetone. In both, eases the extraction was 
carried out in the extraction apparatus described elsewhere (Abder- 
halden, ff Handbuch der biochemischen Arbeitsmethoden,” 1912, 
8, 149). The acetone extract was made up to 1‘5 litres and the 
tannin precipitated with 300 c.e. of light petroleum which had 
been dried over calcium chloride. The crude tannin obtained in 
this way was purified "by dissolving 50 grams of it in 1 litre of 
acetone and precipitating with four successive quantities of light 
petroleum of 100 c.c. each. It is necessary to dry both the acetone 
and the light petroleum over calcium chloride for some time, as 
otherwise the products obtained are viscid (compare also Manning 
and Nierenstein, this vol, p. 666). The fractions obtained weighed 
26, 12, 6, and 2*5 grains respectively and were pale-coloured, amor¬ 
phous products which neither melted nor decomposed when heated 
above 300°. They were soluble in alcohol, acetone, ethyl acetate, 
acetic acid, or water, but insoluble in benzene, light petroleum, or 
chloroform. The different solutions gave greenish-blue colorations 
with ferric chloride, which were particularly well-marked when the 
alcoholic solution was employed. This is of special interest in view 
of the generally accepted classification of the tannins into catechol 
and pyrogallol groups, which classification is based on the green 
and blue colorations given by these two groups respectively with 
ferric chloride. In this connexion it ought to be mentioned that, 
the tannins of Terminalia chebula (Nierenstein, loc. cit.) and 
Polygonum, bistorta (Stenhouse, Phil, Mag., 1843, [iii], 23, 335; 
Eissfeid, Annalen, 1854, 92, 109; 1859, ill, 217; Bjalobreshesky, 
Pharm. J., 1900, 22, 3; Jljin, Biss., Petrograd, 1905, p. 38) show 
similar mixed colorations with ferric chloride. The aqueous solu¬ 
tion of knoppern tannin precipitates alkaloids and gelatin, and is 
quantitatively adsorbed by caseinogen (compare Manning and 
Nierenstein, this voL, p. 667). Knoppern tannin is hygroscopic, 
and the determination of its elementary composition by combus¬ 
tion requires the same precautions as used by Geake and Nieren¬ 
stein (Ber.. 1914, 47, 897) in the analysis of gallotannin. 

'■..'.Pound 

Fraction I.—C~54*3; H = 2*l. M.W. (in acetone) = 1628, 
1654, 1708. M.W. (in alcohol) = 1744, 1682, 1664. 

* Preliminary investigations of the gall-fats of the knoppern seem to 
indicate that they are identical with the fats derived from Aleppo galls 
(compare Ktmz-Kranse and his collaborators, Apoih. Zeit., 1897, 37, 734; 
Arch. Pharm., 1904, 237, 256; 1907, 245, 28). These observations refer 
mainly to cycfogallipharic acid of the knoppern gall-fat, which had been 
obtained by Ktmz-Krause’s method. It crystallised, like his cj/cfogallipharic 
add, from light petroleum in large scales melting at 88—-89°. 
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Fraction II.—0 = 54*1 ; H = 2*2. 

Fraction III. —-0 = 55*4; H=2*4. M.W. (in, acetone) =1758, 
1744, 1694. M.W. (in alcohol) = 1742, 1716, 1758, 1708. 
Fraction IV. —0 = 55*6; H=2*5. ' M.W. (in acetone) = 1702, 
1744, 1726. M.W. (in alcohol) = 1758, 1744, 1726. 

For the polariscopical investigations of knoppern tannin only 
0*5 per cent, solutions were used in view of the experiences of 
Navassarat (Eottoid Zeitsch., 1913, 12, 97) in the case of gallo- 
tannin: 

Fraction I.—[a] J +31*8° (in alcohol); +8*4° (in acetone). 
Fraction IV. —[a]lf + 36*2° (in alcohol); +11*8° (in acetone); 
+ 28*6° (in water). 


Hydrolysis of Knoppern Tannin. 

About 0*5 gram of knoppern tannin (Fractions III and IV only 
were used) was dissolved in 200 c.c. of water and heated with 
20 c.c. of a 5 per cent, solution of sulphuric acid for eight to twelve 
hours on a water-bath, a reflux condenser being used. The ellagic 
acid formed was collected in a Gooch crucible and washed at first 
with cold water, so as to remove all traces of sulphuric acid, and 
afterwards with alcohol and ether. The precipitate was dried at 
130° and weighed as ellagic acid. (Found, C = 56*4, 55*8; H=2T, 
2*2. Calc., 0 = 55*6; 11 = 2*0 per cent.) The filtrate was tested for 
dextrose by Fischer and Freudenberg’s method (Ber., 1912, 45, 
915) and the dextrose was estimated volumetrically by Bertrand's 
method (Bull. Sac. chim., 1906, [iii], 35, 1286) as used by Nieren- 
stein and Geake (Joe. cit.) for the estimation of dextrose in gallo- 
tannin. In addition to this, the'dextrose was also estimated pclari- 
scopically, in one case after the hydrolysis of 12*8 grams of knop¬ 
pern tannin. The dextrosazone was also prepared and found to 
have the correct melting point. (Found, 17 = 15*9. Calc., 17 = 15*6 
per cent.). 

Found: Ellagic acid = 84*6, 72*4, 81*2, 78*4. Dextrose= 7*2, 6*4, 
5*8, 6*7 (by Bertrand's method), 7*8 (polariscopieally) per 
cent. 

Methylated Knoppern Twtmin, 

The methylation (Fractions III and IV only were used) was 
carried out with diazomethane in ethereal suspension, and the same 
.precautions..were taken as in the case of liemlock tannin (compare 
.■"Manning ' and Nierenstein, loo. cit.). ..' The. ! methylated ^ knoppern 
tannin dissolved completely in the' ether and' was' purified several 
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times by dissolving it in alcohol and precipitating with water. The 
methylated knoppern tannin obtained in this way was a colourless, 
amorphous product without any definite melting point. It was 
soluble in alcohol, acetone, chloroform, or s-tetrachloroethane, but 
insoluble in water or light petroleum. 

Pound: C = 58’8, 57*9, 58*2; H = 4*l, 4*4, 4*3; OMe = 36*9, 37*4, 
37*2, 37*8. M.W. (in alcohol) = 1822, 1848, 1912. M.W. (in 
acetone) =1894, 1826, 1858. 

The methoxyl estimations were carried out in a Zeisel-Perkin 
apparatus, acetic anhydride being added. If the latter was 
replaced by phenol (compare Weiskut, Monatsh., 1913, 33, 1165) 
the same result (OMe—36*5) was obtained. 

For the polariscopical investigations only 0*5 per cent, solutions 
were used, and the results obtained were as follows: 

Found : [o]d 8 + 4*2° (in alcohol); + 6*8° (in acetone); +16*2° (in 
chloroform) ; + 28*2° (in s-tetrachloroethane). 

Alkali Hydrolysis of Methylated Knoppern Tannin. 

Methylated knoppern tannin (about 5—10 grams) was hydro¬ 
lysed by boiling with a 10 per cent, solution of alcoholic potassium 
hydroxide for eight hours, a reflux condenser being used. The 
alcohol was then evaporated and the residue extracted with boiling 
water, the extract being filtered from any unchanged or tarry 
material. On acidifying the cold solution with dilute sulphuric 
acid, there was obtained a bulky, colourless precipitate (Precipitate 
A), which was collected, washed, and dried in a desiccator. The 
filtrate was extracted several times with ether, which left on eva¬ 
poration a tarry residue. Several attempts were made to isolate a 
definite disintegration product from this residue, but without suc¬ 
cess. The average yield of this residue corresponded with about 
22 per cent, of the material hydrolysed. It did not reduce 
Fehling’s solution. 

Precipitate A. —This product proved to be a mixture, and it was 
found possible to separate it into two parts, respectively soluble 
and insoluble in benzene. The carefully dried substance was 
extracted in a Soxhlet apparatus with benzene, until a few drops 
of the overflow left no residue on evaporation. Five grams of the 
precipitate left about 2 grams in the thimble (Fraction I). The 
benzene Solution gave on evaporation a second product (Fraction 
II). Both fractions were investigated separately. 

Fraction I. —This product had no definite melting point 
(67—84°), and it was found impossible to crystallise it. The inves¬ 
tigation of this amorphous material disclosed the following interest- 
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iug points, which might, perhaps, in time, prove of importance in 
the chemistry of knoppern tannin. It. was found that the alcoholic 
solution gave a pronounced green coloration with ferric chloride, 
thus indicating (1) that it contained two hydroxyl groups in the 
ortho-position, and (2) that these two hydroxyl groups escaped 
methylation during the action of diazoinethane on knoppern 
tannin. Attempts were also made to oxidise the alcoholic solution 
with silver oxide (Willstatter and Pfannenstiel, Ber., 1904, 37, 
4744) or p-benzoquinone (A. G. Perkin, T., 1913, 103, 661; 
Nierenstein, T., 1915, 107, 860) in the hope of obtaining the corre¬ 
sponding o-quinone. These ’experiments, however, only gave nega¬ 
tive results. 

Found: C = 56*8, 57*1; H = 4*4, 4*2; OMe=27*8, 26*4, 27*3. 

These analytical data indicated that Fraction I was still a mix¬ 
ture consisting of tetramethoxyluteoic acid (Calc., C = 57*4; 
H = 4*2; OMe = 32*9 per cent.) and trimethoxyluteoic acid (Calc., 
0 — 58*3; H = 3*8; OMe=25*6 per cent.), the latter being pre¬ 
dominant. 

That Fraction I was a mixture was also proved on acetylation 
with acetyl chloride and pyridine. The acetyl derivative was also 
amorphous, and decomposed on heating at about 129—135°. Only 
acetyl estimations by A. G. Perkin’s method (T., 1905, 87, 107) 
were made, which gave Ac=14*5, 13*8, 14*2 per cent., whereas the 
mono- and the di-acetyl derivatives require Ac=XQ*2 and 13*3 per 
cent, respectively. 

On further methylation with diazomethane in ethereal solution 
Fraction I was entirely converted into methyl pentamethoxyluteoate 
(III), which crystallised from alcohol in small needles melting at 
110°; this is in the vicinity of the melting point, 109—111°, given 
by Herzig and Polack ( loc . cit.) for this substance. For compari¬ 
son, the acid was also prepared by the method described by these 
authors from ellagic acid, when it was also found to melt at 110°. 
There was no depression of the melting point when the two pre¬ 
parations were mixed. (Found, C = 59'l; H=5*l; OMe=46*3. 
C 2 oH 20 O g requires C = 59*4; H = 4*9; OMe=46T per cent.) 

Fraction //.—This fraction did not give clearly the colour reac¬ 
tion with ferric chloride mentioned above, but the analytical data 
obtained for it agreed on the whole better for tetramethoxyluteoic 
acid than for trimethoxyluteoic acid, although in view of the amor¬ 
phous character of the product and its indefinite melting point, 
which was found to be 98—112°, it seems obvious that the material 
was not pure. (Found, C=57*8, 57*6; H=4*5, 4*7; OMe=31*7, 
31*4, 31*6. C 18 H 16 0 9 requires C-57-4; H=4*2; OMe=32*9 per 
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■ It was found possible to acetylate Fraction II with acetyl 
chloride and pyridine, but a satisfactory product was not obtained. 
(Found, Ac = 11-8, 12*2, 12*0- Calc., Ac=10*2 per cent,) 

On further methylation with diazomethane. Fraction II was 
entirely converted into methyl pentamethoxyluteoate 1 (III); small 
needles melting at 110° were obtained, and this melting point was 
not changed by admixture with Herzig and Polack’s product. 
(Found, C —59*2; H=4*9; OMe=46*l. Calc., C = 59*4; H = 4*9; 
OMe — 46*1 per cent.) 

This investigation has, with many interruptions, been in progress 
since 1907, during which time the author has had the collaboration 
of Dr. D, Spence and Messrs. B. J. Thompson, J. F. Fielding, 
O. W. Spiers, and F. S. Wallis, for which he wishes to thank them. 
The author is also indebted to the Besearch Fund Committee of the 
Chemical Society and the Colston Society of the University of 
Bristol for grants in aid of this investigation. 

Bio -chemical Laboratory, 

Chemical Department, 

University op Bristol. [Received, August 22 nd , 1919.] 


CVIL —The Oxidation of Phenol Derivatives. 

By Cyril Norman Hinshelwood. 

The observation that phenol in aqueous solution is completely and 
Instantly oxidised by potassium permanganate whilst picric acid is 
very much more stable led to the examination of a number of other 
phenol derivatives. The mononitrophenols and the hydrcxybenzcic 
acids are, like phenol itself, attacked by JVT/ 10-potassium perman¬ 
ganate with great rapidity. Bradshaw (Amer. Ckem. J., 1906, 35, 
326)- carried cut experiments from which he concluded that the 
order of attack at 0° was ortho, meta, para in acid solution and 
meta, ortho, para in alkaline solution. This is in accord with some 
..older results of Dreyfus (Gompt. rend., 1887, .105, 523). 

-V Car© ■ must be exercised in drawing; conclusions as;, to stability 
from the rate at which potassium permanganate is destroyed. The 
oxidation .-occurs in a series, of stages: of which only the. first involves 
the breaking of the ring. Consequently, the initial rate of oxida¬ 
tion is the true measure of stability and the later stages are of 
minor importance. It is, of course, necessary to avoid complies 
fcions due to the oxidation of side chains. 
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The method adopted for measuring the rate of oxidation was 
as follows. Aqueous solutions of the substances to be tested were 
prepared of such strength that for complete oxidation to carbon 
dioxide and water (and nitric acid in the case of nitro-compounds) 
an equal volume of NJ 10-potassium permanganate would be 
required. In making the calculation it was assumed that five atoms 
of oxygen would be- yielded by the permanganate. Twenty-five c.c. 
of the solution were mixed with 50 c.c. of N /10-potassium perman¬ 
ganate and 10 c.c. of N /5-sulphuric acid in a thermostat adjusted 
to 25‘0° and allowed to react for a measured time. The reaction 
was then stopped by the addition of potassium iodide and the 
liberated iodine titrated with N /10-sodium thiosulphate. As a 
matter of fact the potassium permanganate only yielded three 
atoms of oxygen, and brown oxide of manganese was always pre¬ 
cipitated. As, however, double the amount was used which would 
be required if five atoms were given up, there was still an excess 
even when only three atoms were yielded. Moreover, the estima¬ 
tion of the iodine liberated gave results directly in terms of oxygen 
employed, independently of the actual state to which the man¬ 
ganese was reduced, so that complete oxidation still corresponded 
with a diminution of the thiosulphate titre of the mixture by 
25 c.c. Two further points may be mentioned. Gooch has pointed 
out that acid solutions of potassium permanganate slowly lose 
oxygen. It was ascertained by blank determinations that no loss 
occurred in the longer experiments from this cause. Secondly, 
although the presence of any considerable amount of nitric acid is 
very undesirable in working with sodium thiosulphate, the concen¬ 
tration of that produced by the oxidation of the nitro-compounds 
was not sufficient to vitiate the results in any way. It was only 
necessary to ensure by efficient shaking that the thiosulphate did 
not remain in local excess during the titration. 

Some results obtained with salicylic acid And with p-nitrophenol 
may be quoted first, as they serve to illustrate the complex course 
of the reaction and the condition for a good measure of stability. 

The salicylic acid was recrystallised from water, and the p-nitro- 
■'phenol was recrystallised twice from water and from hydrochloric 
acid. The pipettes and burettes were standardised, and the potass¬ 
ium permanganate and sodium thiosulphate solutions compared 
with each other daily. 

The thermostat remained constant to about 0*01°. ‘ , 



1182 


HINSHELWOOD : THE OXIDATION OF 


(1) Salicylic acid. 
0-4929 gram per litre. 

25 c.c. Salicylic acid solution 
50 c.c. N! IO-KM 11 O 4 
10 c.c. A T /o-Sulphuric acid 


(2) p-Mtrophenoh 
0-496 gram per litre. 

25 c.c. p-Nitrophenol solution 
50 c.c. JV/lO-KMnO, 

10 c.c. N/5-8 ulphurie acid. 



Amount of ' 


Amount of 


oxygen used up 


oxygen 

. used up 

Time in 

in terms of c.c. 

Time in 

m terms oi c.c. 

minutes. 

Nl lO-Nag&A 

minutes. 

jy/lO-NajSaOa* 

0-5 

16-6 

0-55 


13*2 

1-5 

1805 

3*0 


14*75 

3-5 

18-53 

13-5 


17*2 

21 

19-60 

24*5 


17*5 

37 

20-15 

30 


17*6 

110 

22-0 

3S 


18*13 

150 

22-20 1 

43 


18*45 

320 

23-18 

54*5 


19*38 

00 (theor.) for com- 25-0 

61*5 


20*03 

plete oxidation to 

75*5 


20*57 

carbon 

dioxide 

00 (theor.) for 

com- 

25-0 

and'water. 

plete oxidation to 




carbon dioxide, 




nitric acid, 

and 




water. 




It is clear that we have to deal in each case with consecutive 
reactions, the first stage of which is almost immeasurably rapid. 
Differences in the later stages will depend on th© nature of the 
intermediate open-chain products, and throw no light on the 
stability of the original compound. This point does not seem to 
have received sufficient attention from Dreyfus and Bradshaw. 

With the more highly substituted phenols quite trustworthy 
measurements can be made, and comparisons of stability obtained. 
Picric acid was taken as a standard of reference. 

Picric Acid. —“Pure” picric acid was recrystallised twice from 
water. The solution contained 0’818 gram per litre. 


(3) Picric acid 

25 c.c. 


jV/10-KMnO 4 

50 c.c.. 


AyS-Sulphuric acid 

10 e.c. 


Amount of oxygen 
used up in terms 

Time . 

of C.C. 


in minutes. 

tf/10-NaiSsQ*. 


t . 

X . 

h (see below). 

15 

2*95 

0*000130 

26*25 

4*68 

0*000125 

45 

6*981 

0*000122 

83 

10*50 

0*000119 

120 

12*98 

0*000120 

208 

16*10 

0*000110 

255*8 

17-12 

0*000105 

930 

21*80 

— 

2340 

23-0 

— 

00 (theor.) 25*0 

— 



Mean 0*000119 
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In calculating k it is assumed that the permanganate yields three 
atoms of oxygen, so that its concentration is initially proportional 



to 3/5x50 = 30. The initial concentration of the picric acid is 
proportional to 25, and ' 

-■'I 1 u,, 5(30-a?) . ■ 

(30 - 25)* %,0 6(25'-:aj) ’ 

k being calculated for a reaction- of the second order, and its value 



084 


HmSHELWOOD t THE OXIDATION OF 


being fairly constant over the whole range, there is little evidence 
here of consecutive reactions. Evidently the first stage, namely, 
that involving the rapture of the ring, proceeds more slowly than 
the subsequent reactions. This accounts for the simple nature of 
the effect, and is confirmed by the fact that the later stages in the 
oxidation of p-nitrophenol and salicylic acid are more rapid than 
the corresponding stage of the picric acid reaction, k then is a 
measure of the stability of the picric acid molecule towards 
oxidation. 

The effect of dilution was examined, so that less readily soluble 
substances might subsequently be compared with picric acid, using 
more dilute solutions. Incidentally, the results confirm the 
bimolecular nature of the change. 

(4) Picric acid solution 25 c.c. i (5) Picric acid solution 25 c.c. 

N/lO-KMnG* 50 o.e. N/lO-KMnO* -50 c.c. 

AT/5-Siilphurie acid 10 e.c. 2^/5-Sulphuric acid 10 c.c. 


85 c.c. 
-f water 85 c.c. 


t . 

60 

156*5 

240 

305 

435 




2 5(30-*) : 

x. (30-25i) logl "6( 25 -x) 


5*05 

0*000120 

9*65 

0*000111 

12*45 

0*000111 

13*87 

0*000107 ! 

15*97 

0*000103 

Mean 

0*000110 


85 c.c. 

-f water 170 c.c. 

Jo :s== 

3 , 5(30 - x) 

t. x. (30 -25)1 toln 6(25 - x)' 
162 7*22 0*000105 

446 13*23 0*000100 

581 14* 98 ; "‘I 0*000100 


(6) Picric acid solution .. 25 c.c. 

A7/10-KMnO 4 50 c.c. 

A75-sulphuric acid . 10 c.c. 


85 c.c. 
-}- water 255 c.c. 


■E- 4 t 5(30-3?) 

** *• (30-25)* “ I0 6(25— x) ‘ 

213 6-85 0*0000995 

563 12*50 0*0000951 

The bimolecular constant diminishes somewhat with dilution. 

2:4: Q-Trinitro-m-cresol .—This was prepared by the thorough 
nitration of m-cresol (98 per cent.), and recrystallised three times 
from alcohol. A solution containing 0*7150 gram per litre was 
employed. 
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(8) 25 o.c. Trinitrocresol solution. 
50 c.c. JV/10-KMn0 4 . 

. 10 c.c. JV/5-Sulphuric acid. 


Time 

in minutes. 

t . 

30 

77 

86 

246 

405 

592 

1006 

1355 

co (theor.) 


Amount of oxygen 
used up in terms 
of c.c. 

A7'10-Na 2 So0 3 . 
x . 

0*75 

1- 85 

2- 05 
5-05 
7-25 
9*25 

12-53 

14-28 

25-0 


J°g ’ 


5(80-®) 


(30-25)# 610 6(25 - as)' 


0-0000149 

0-0000149 

0-0000146 

0-0000141 

0-0000137 

0-0000134 

0-0000120 


Mean 0 O00014I 


The results are completely parallel to those obtained with picric 
acid—the same bimoleeular law and the same slight decrease in 
the velocity constant with time. This similarity in the dynamics 
of the two reactions shows, as one would expect, that a preliminary 
oxidation of the methyl to the carboxyl group does not disturb 
matters. . 

The ratio of the mean values of h is, then, a measure of the 
relative stability of the two compounds. We have: 

h for trinitrocresol _ 0’0000141 __ n-11^ 
k for picric acid (>000119 ~V ’ 

that is, trinitrocresol is only O’118 times as reactive towards potass¬ 
ium permanganate as picric acid, or is 8’5 times as stable as picric 
acid. 


2:4: %-THnitro-Z-methylnitroamino'phertol , 

OH JST0 2 

XNr ° 2 \ y> NMe * N0 2' 

NO* 

It was thought of interest to examine this compound as an 
example of a very heavily substituted phenol. It was prepared 
by the nitration of methylaniline in the presence of excess of con¬ 
centrated sulphuric acid, followed by hydrolysis of the tetranitro- 
methylnitroainino-compound, which is one of the principal primary 
products. It was purified by several recrystallisat-ions from acetone 
.and from'water, and its purity '.checked by acidimetric titration. 
A solution containing 0* 757 gram per litre was employed. 
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(9) 25 c.c. Solution. 

59 c.c. A 7 /10-KMnO r 
10 c.c. jV/5-Sulphuric acid 


Time in minutes. 


t . 

X . 

180 

2*55 

351 

4*43 

372 

4*60 

1485 

11-90 


1 . 5(30 -x) 

(30 - 25)r >gl0 6(25 - x ) 
0*00000904 
0*00000872 
0*00000861 
0*00000825 


Mean 0*00000865 


Jc , 0*00000865 

k^ric ~ 0-000119 


TIi© reactivity towards potassium permanganate is thus 0*0725 
times that of picric acid, or the compound is 13*8 times as stable. 
Here, again, the similarity between the dynamics of this reaction 
and the picric acid reaction may be taken to show that the side- 
chain does not suffer attack before the ring is broken. (See 
Pig. II.) 


Dinitrophenols. 

In the case of three dinitrophenols curves of a somewhat different 
type were obtained. I am greatly indebted to Mr. Aldous, who 
kindly supplied me with pure specimens of the compounds used. 

The solutions (0*3285 gram per litre) were of half the strength 
used in the previous experiments, and the potassium permanganate 
and acid correspondingly of half strength. 


(10) 2: 6-Dmitrophenol. 

50 c.c. Dlrntrophenol solution. 
100 c.c. 7V/20-KMnO 4 . 

20 c.c. Ni 10-Suiphuric acid. 


Tim© in 
minutes. 

Amount of 
oxygen used 
up in terms 
of c.e. 

Nil 0-Na,S 2 O 3 . 


t. 

x. 

aj/i5. 

V5 

3-40 

0-680 

7-7 

5-35 

0-693 

10 

7-05 

0*705 

15-5 

11-00 

0-709 

18*3 

13-17 

0-720 

20 - ' 

14*48 

0*724 

27*3 

17-70 

__ 

. 44-8 

21-5 

■ .—' 

330 

: 24-25 

■ .. 

oo(theor.) for' 25-0 : 
complete oxi¬ 
dation to car¬ 
bon dioxide, 
nitric acid, and 
water. 



(11) 2:4-Dimtrophenol. 

50 c.c. Binitrophenol solution. 
100 c.c. lV/20-KMnO, i . 

20 c.c. Nj 10-Sulphuric acid. 


Time in 
minutes, 
f. 

Amount of 
■ oxygen used 
up in terms 
of c.c. 

27/10-Na 2 S 2 0 3 . 

X . 

xtt . 

11*3 

0-26 

__ 

150 

5-60 

0*0373 

206 

8*0 

0*0388 

307 

11-60 

0*0378 

422 

15-86 

_ ■ 

00 

25*0 
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(12) 2: 5-Dinitrophenol. 

50 o.c. Dinitrophenol solution. 
100 o.c. AT/20-KMnO 4 . 

20 e.c. JV/lQ-Sulphuric acid. 


Time in minutes. 

Oxygen used up in 
terms of c.c. 
iV/20-Na 2 S. 2 O :! . 

Xjt. 

16 

4*67 

0*292 

23-5 

6*67 

0*284 

31 

9*12 

0*294 

41 

12*45 

0*304 

55 

14*57 

0*265 

68 

16*87 

— 

87 

19*00 

— 

155 

21*79 

— 

<e® 

25*0 

— 

The f orm of the curves 

is quite different from that obtained with 


picric acid. The reactions axe autocataljtic, a point which will he 
referred to again later. The approximate constancy of xjt over a 
considerable range has little theoretical bearing, but enables the 
initial velocity to be calculated in each case. 

Initial rate of oxidation in c.c. per minute for 2:6-dinitro- 
phenol =0*705. 

Initial rate of oxidation in c.c. per minute for 2:4-dinitro- 
phenol — 0*0379. 

Initial rate of oxidation in c.c. per minute lor 2:5-dinitro- 
phenol=0*294. 

The corresponding initial rate for picric acid in the same units 
may be found by evaluating dsojdt for £ — 0 from the expression 
in Expt. 4 (half strength picric acid) : 

2 

( 30325)1 

whence 

®. " ° 0950 - 

Approximate experiments further give a lower limit for the 
initial rates in the case of phenol and some mono-derivatives. The 
results are combined in the table below: 


-X) 


k, « 0*000110, 


Compound. 

Relative 
rate of 
oxidation. 

Phenol V 

Salicylic acid . j. 

>500 

o-MtrophenoI ) ■■■■■-■ 

m-N itrophenol .... 

. >250 

p-Nitrophenol j 

2 : 8-Din itrophenol . 

7*4 

2 : 4-Dinitrophenol.... 

0*40 

2 : 5-Dinitrophenol ... 

. 3*09 

Picric acid .. 

1*00 

2:4:6-Trinitro-m-eresol ......... 

0*118 

Trinitromethylnitroaminopheuol ... 

0*073 


Relative 
.stability 
of .ring,. 

< 0*002 


< 0*004 


0*135 

2*50 

0-324 

1-00 

8*5 

13-S 
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Taking into consideration the nature of the curves, it is thought 
that these figures give a true measure of the relative stability of 
the ring in the various compounds. If the initial velocity were in 
any case that .due to the formation of another aromatic derivative 
indications of consecutive reactions would be found. In the only 
cases where these were found, namely, phenol and its mono-deriv¬ 
atives, the first rapid change was far too profound to be other 
than a complete decomposition of the aromatic nucleus. 

In general, whilst phenol and its mononitro- and carboxy-deriv- 
atives are extraordinarily unstable towards potassium permangan¬ 
ate, the more heavily substituted compounds have acquired con¬ 
siderable stability. There is no definite connexion between rate of 
oxidation and degree of ionisation. The instability of phenol 
renders a true aromatic constitution improbable. It may be provi¬ 
sionally suggested that the reactivity is due to the production of 


the tautomeric keto-form, 


<:> 


H a , 


or, in accordance with 


the principle of Baly and Stewart, to the actual oscillation between 
this and the normal form. Heavy substitution might be expected 
to inhibit tautomerisation and to depress the reactivity. On this 
view the autocatalytie reaction in the case of the dinitrophenols 
could be simply explained. The yellow solutions of these com¬ 
pounds are decolorised by moderate amounts of sulphuric acid. 
This may well be due to the repression of a qiiinonoid keto-form. 
As oxidation proceeds sulphuric acid enters into the reaction, and 
the keto-form can reappear. Hence the acceleration. 


In conclusion, X wish to thank Mr. D. H. Nagel, M.A., for the 
interest he has taken in these experiments. 

B Armor. Collegie, 

Oxford. [Received, July 22nd, 1919. J 


CVIII.—■ Chloropicrin . Part I. 

By John Addvman Gardner and. Francis William Fox. : 

When commercial chloropicrin, purified by distillation in a current 
of steam and dried over calcium chloride until it no longer restores 
the blue colour to anhydrous copper sulphate, is distilled under 
atmospheric pressure, it boils at about 112°, and a small amount 
of a yellowish-red gas, recalling in appearance diluted nitrous fumes. 
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is always evolved which is seen in the atmosphere of the condenser 
and receiver. After several redistillations the distillate and the 
chloropicrin remaining in the flask were found on analysis to 
contain the same percentage of chlorine. 

No mention of this phenomenon could be found in the literature. 
Stenliouse ( Arinalen , 1848, 66, 241) states that the substance dis¬ 
tils unchanged at 120°, and can be heated to 150° without under¬ 
going decomposition, but if the vapour is passed through a heated 
glass flask, at a temperature below red heat, it decomposes com¬ 
pletely, chlorine and nitric oxide being evolved and a quantity of 
perchloroetliane being deposited in the cooler part of the flask. 
Hofmann (Anualen, 1866, 139, 111) gives the boiling point 112°, 
and Thorpe (T., 1880, 37, 19S) 111*91°^ but neither observer men¬ 
tions any decomposition. Cossa ( Gazzctta , 1872, 2, 181) gives the 
boiling point 112*8°, and states that the substance explodes when 
rapidly heated or when the vapour is led into a red-hot tube. Levy 
and" Jedlicka (Aimden, 1888, 249, 86) state that bromopicrin 
•explodes on distillation under the ordinary pressure, giving red 
fumes, but that it can be distilled unchanged under diminished 
pressure. In the article on chloropicrin in Wurtz’s “ Dictionnaire 
de Chimie/' the writer states that “ elle bout a 120° ; a 112° (Hof¬ 
mann) : elle supporte une temperature de 150° sans se decomposer ; 
surchauffee sa vapeur fait une violente explosion.” 

It seemed of interest, therefore, to submit the phenomenon to 
closer investigation. 

When chloropicrin was caused to explode by heat or otherwise, a 
strong odour of carbonyl chloride was always noticed. This fact, 
together with the constancy of composition after boiling, suggested 
that chloropicrin at its boiling point slowly decomposes into 
carbonyl chloride and nitrosyl chloride: 

CCTyNO, = COCLj + NOC1. 

This was found to be the case, and 200 c.c. of that liquid, kept 
very gently boiling, decomposed at the rate of about 2 c.c. per day. 

This observation is of interest for a variety of reasons. It throws 
light on the rather divergent statements that have been made on 
the physiological activity, of chloropicrin. In making experiments 
on this subject, the mixture of chloropicrin vapour and air to be 
tested on animals should be made either by atomising the liquid 
into the air or by. evaporating at a low temperature; if the mix¬ 
ture were made by boiling the chloropicrin, or by bursting a bomb 
by any means, the atmosphere produced would contain chloropicrin 
vapour more or less Contaminated with carbonyl chloride and 
nitrosyl. chloride, and if the air were damp perhaps alsoB.itrou§ 
fumes, so that a mixed result would be obtained. 

VOL. CXV. 
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It also throws light on many of the chemical reactions of chloro 
picrin, which is a very reactive substance. It has already been 
pointed out by Frankland, Challenger, and Nicholls (this voL, 
p. 159) that under some conditions chloropicrin is reduced quanti¬ 
tatively to methylamine, but under others to ammonia, etc. Ob¬ 
viously in the first case it is reduced as such, and in the latter the 
decomposition products are reduced. 

There are many other reactions in which chloropicrin behaves 
as an oxidising agent. In some it appears to react as a nitro¬ 
compound 3 for instance, it can be used to replace nitrobenzene in 
Skraup’s method of preparing quinoline, in others the results can 
be explained as due to the decomposition products. We hope 
shortly to have the honour of bringing before the Society a detailed 
account of some of these reactions. 

This decomposition may also account for the varied yields 
obtained by different observers in the production of chloropicrin by 
the action of bleaching powder on picric acid. By proper attention 
to the proportions of the reagents and the conditions of reaction 
yields of 180—190 per cent, of the picric acid used can easily be 
obtained on a technical scale,* but if the optimum conditions are 
not strictly adhered to the yield may easily sink to 130 per cent., 
or even to 114 as given originally by Hofmann, or less. 

Experimental. 

Chloropicrin, in quantities of about 200 c.e., was boiled, on a 
sand-bath, in a 300 c.c. flask with a long neck and provided with a 
long reflux condenser. The end of the condenser was connected 
to a series of"wash-bottles containing the reagents for absorbing the 

* The proportions found to be best for obtaining yields of about 180 per 
cent, were 10 parts of picric acid to 100 parts of bleaching powder. The 
exact proportion, however, depends on the quality of the latter. The 
material used generally contained about 33 per cent, of available chlorine. 
The method adopted was-to carry out a trial distillation with the above 
proportions. If it was found in the trial distillation that the effluent was at 
all yellow tile amount of picric acid was lessened. If it was found that there was 
any tendency to frothing, a little extra was added. This was found to be a 
much more satisfactory method of work than ^attempting to estimate each 
batch of bleaching powder. The best conditions for the reaction are for the 
bleaching liquor to foe about 30°, when on the addition of solid picric acid the 
temperature very rapidly rises to distilling point and steamis . only u^'§fi~‘ 
fin the final stage of the; reaction to carry over the last ."traces of clfioj^^icrin. 
Contrary to statements frequently made, no artificial evading 

frothing is of any practical use. Once frothing commenc :es badly, the yield 
steadily diminishes. On the large scale, the only way of destroying froth is to 
add a further small quantity of solid picric acid, a somewfo! at unpleasant, not 
to say dangerous operation. ' , 
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products of decomposition. The various parts of the apparatus 
were joined either by ground-glass joints or by sealing in the blow¬ 
pipe. 

In the earlier experiments the wash-bottles were charged with 
40—50 per cent, potassium hydroxide solution to absorb the whole 
of the products of decomposition. At the end of an experimental 
period the contents of the bottles were diluted to definite volume 
and estimations were made of the carbonate, nitrite, and chloride 
present. The method did not prove quite satisfactory, as the con¬ 
necting tubes were apt to become clogged with crystalline matter 
deposited, from the concentrated alkaline solution. It also proved 
difficult to obtain complete absorption of the carbonyl chloride. The 
latter difficulty was overcome by charging the last bottle with 
Nj 2-alcoholic potassium hydroxide. Owing to the large bulks of 
concentrated alkali hydroxide required, and the long duration of the 
experiments, it proved troublesome to make very exact corrections 
for the chlorides and carbonates contained in the original potassium 
hydroxide. 

In two experiments the ratio C0 2 :N0 2 ;C1 was found to be 
1:1*00.3:2’14 and 1:0*993:2*4*2 respectively. The theoretical ratio 
is 1:1*046:2*42. 

In subsequent experiments the constituents of the mixture were 
absorbed separately. 

The first wash-bottle was charged with concentrated sulphuric 
acid, which absorbed the nitrosyl chloride, producing hydrogen 
chloride and nitrosylsulphurie acid, 

NOC1 + S0 2 (0H) 2 =S<VOH*ONO + HC1. 

The mixture of hydrogen chloride and carbonyl chloride was then 
passed into bottles containing either benzene or toluene to absorb 
the carbonyl chloride. The hydrogen chloride was either allowed to 
escape, or in some experiments was collected in copper sulphate 
solution. 

Examination of the Sulphuric Acid Liquor. 

The contents of the first bottle had all the properties of a solu¬ 
tion of nitrosylsulphurie acid in concentrated sulphuric acid. It 
did not, however, crystallise on long keeping in the ice-chest, even 
when the nitrosyl chloride had been passed through up to the limits 
of the capacity of the acid for efficient absorption. The liquor was 
therefore submitted to fractional distillation under diminished pres¬ 
sure. It was not possible to obtain a coinplete separation of the 
sulphuric acid from the nitrosylsulphurie acid, since some of the 
latter .passed,'over even in- the first runnings which, on keeping in 
the air for a short time, became distinctly blue. When about half 

yy? 



1102 GARDNER AND FOX: CHLOROPIORTN. PART I. 

the arid had passed over, the sides of the receiver began, to be 
coated with the well-known chamber crystals. On further distilla¬ 
tion solid deposited in the condensing tube, the liquid in the 
receiver crystallised, and the residue in the distilling flask solidified 
on cooling. 

This crystalline matter was purified, so far as possible, from free 
sulphuric acid by keeping it for many days on porous tile over 
sulphuric acid in a desiccator, and occasionally scraping on to fresh 
tile. In this way a quantity of approximately pure nitrosylsul- 
phuric acid was obtained as a white, crystalline mass, which began 
to soften at about 30° with evolution of vapour. The crystals dis¬ 
solved in a trace of water to a blue liquid, were readily soluble in 
concentrated sulphuric acid, and on dilution with much water gave 
a solution of sulphuric and nitric acid. The preparation contained 
no trace of chlorine. 

A specimen was analysed by estimation of sulphuric acid after 
dissolving in water, and by titration of the solution in concentrated 
sulphuric acid into permanganate (Found, SO s =63*86, oxygen re¬ 
quired = II'93 ; Calc., SO s = 63*01; oxygen required = 12*59 per 
cent.). < 


Examination of the Benzene or Toluene Solutions. 

A toluene solution (114 c.c.), containing carbonyl chloride liber¬ 
ated in four days, was shaken with 150 c.c. of 40 per cent, potassium 
hydroxide solution in a closed bottle in the shaking machine for six 
hours. The alkaline layer was then made up to 250 c.c. Estima¬ 
tions of chloride and carbonate were made in this, and also in a 
control sample of potassium hydroxide, similarly treated. 

(1) 25 c.c. gave 2*6954 AgCl and 0*4487 C0. 2 . 

(2) 25 c.c. „ 2*6911 AgCl. 

(3) 26 c.c. control gave 0*0397 AgCl and 0*0372 CO.,. 

Ratio Cl :'C0 2 = 1:0*6266. 

Theory for CoCU = l: 0*6205. 

This toluene solution, from the rate of decomposition given 
below? should have contained between 8*4 and 11*2’grams of car¬ 
bonyl chloride. It actually contained from the above analysis 9*18 
grams. 

In another experiment about 500 c.c. of benzene, containing the 
carbonyl chloride produced in forty-one days, were boiled in a flask 
with a reflux condenser, the upper end of which was connected to a, 
worm condenser and receiver, both cooled by a f reezing mixture of 
vice and salt, when between 7 and 8 c.c. qf liquid carbonyl chloride, 
boiling at 8°, were obtained.. ■ 
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Much carbonyl chloride escaped condensation under these condi¬ 
tions, and a considerable amount remained in the benzene. The 
residual solution was shaken with concentrated aqueous ammonia 
and the aqueous layer evaporated to dryness. The crystallised 
residue was mainly ammonium chloride, but a trace of carbamide 
was isolated from it in the usual manner, and identified by its 
crystalline form, the biuret test, and the evolution of ammonia on 
treatment with soya-bean urease. 

For the further identification of the carbonyl chloride it was 
converted into benzophenone by the Friedel and Crafts method. 
For this purpose about 250 c.c. of benzene, containing the carbonyl 
chloride evolved in seven to eight days, were used. 

The benzophenone crystallised from alcohol in the usual charac¬ 
teristic form, and melted at 48*5—49°. A mixture with a speci¬ 
men from another source showed no change in melting point. The 
yield was about 62 per cent, of the theoretical, and was similar 
in order to that recorded by Friedel and Crafts (Ber„ 1877, 10, 
1856). 

Dimethyl-p-amiuobenzoic acid was also obtained, with other pro¬ 
ducts, in needle-like crystals melting at 235°, by heating a toluene 
solution with dimetliyraniline in a closed flask at 130° for several 
hours, and then distilling off the toluene in a current of steam. 

Examination of the Chloropicrin left after Prolonged Heating. 

This was yellow, and completely volatile in steam, leaving no 
residue. On distillation the following fractions were obtained: 
up to 103°, 3 grams; 103—108°, 5*2 grams; 108—112°, 278'7 grams; 
residue in flask, 3‘8 grams. It was evidently unchanged chloro¬ 
picrin. 

The chloropicrin, after distillation in a current of steam, con¬ 
tained some nitrous fumes in solution, which were given off at the 
beginning of distillation and coloured the first fraction brown. 
These were easily displaced by a current of air. 

Fraction 3 was found to contain 01 = 64*79, and two specimens of 
the commercial chloropicrin used 64*82 and 64*92 respectively. 
C0 2 NC1 s requires 01 = 64*71 per cent. 

Rate of Decomposition. 

Chloropicrin (20G c.c.) was gently boiled for sixty-eight days, and 
58 c.c. remained at the end. It decomposed therefore at the rate of 
2*088 c.c. or 3*487 grams per day, and produced 2*099 grams of 
carbonyl chloride per day. 

In another experiment in which the chloropicrin was kept rapidly 
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boiling, 64*6 grams of carbonyl chloride, determined from the 
increase in weight of the toluene wash-bottles, were obtained in 
twenty-three days, a rate of decomposition giving 2*8 grams per 
day. 

In order to ascertain whether this decomposition could be attri¬ 
buted to traces of moisture, the ehloropicrin, which had been dried 
over calcium chloride and gave no reaction with anhydrous copper 
sulphate, was allowed to remain for several days with a large excess 
of phosphoric oxide. It was then transferred to the carefully dried 
apparatus and heated as described. Decomposition took place, and 
8 grams of carbonyl chloride were obtained in ninety-one hours, a 
rat© of decomposition giving 2*097 grams per day, and of much the 
same order as before. The residual ehloropicrin was found to con¬ 
tain 0 — 64*65 per cent. 

Physiological Laboratory, Research Laboratory, 

University of London, West Riding Chemical Company. 

South Kensington Mibfield. 

[Received, August 25th, 1919.] 


CIX .—The Temperature of Critical Solution of a 
Ternary Mixture as a Criterion of Purity of 
n -Butyl AlcohoL The Preparation of Pure n -Butyl 
Alcohol . 

By Kennedy Joseph Previte Orton and David Charles Jones. 

Since the introduction of the fermentation process, w-butyl alcohol 
prepared from starch has become a common industrial product 
wliich will certainly find a use in chemical industry and not 
improbably as a solvent. 

"We have examined some of its solubility relations with the 
object of finding in the temperature of critical solution (" c.s.t.”) 
with other media a rapid and certain method of following the 
course of a fractionation by which butyl alcohol is being purified, 
or of detecting the presence of impurity in a specimen of butyl 
alcohol. It was pointed out in a previous paper (this vol., 
p, 1055), on a similar use of this method for toluene, that different 
impurities both present together in the liquid under investigation 
may have an opposite effect on the c.s.t. as on other physical 
properties. Usually, however, the c.s.t. of a number of fractions 
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into which the liquid has been divided by distillation will reveal 
the true condition of the liquid. 

The solubility relations with water of the three isomerides of 
n-butyl alcohol have been studied by Alexeev (Ann, Phys. Chem., 
1886, [iii], 28, 305) and Timmermans (Zeituh. ■■phy&ikal. Chem., 
1907, 58, 129). 

ter# .-Butyl alcohol is miscible with water ah the ordinary 
temperature, whilst the solubility curve of fsobutyL alcohol has a 
c.s.t. at 130° (Alexeev), and .sec.-butyl alcohol one at 113'7° 
(Alexeev, Timmermans). Both curves show a maximum of 
mutual insolubility in the neighbourhood of 50°. The solubility 
curve of fa-butyl alcohol has not been followed up to the c.s.t., 
which will be well above 150°, but it shows a similar maximum of 
insolubility at about 50°. 

As a criterion of purity, the binary c.s.t. with water would not 
only be at an inconvenient temperature and pressure, but useless 
for detecting the commonest impurity, namely, water. No other 
binary mixture seems available, for although ethyl alcohol forms 
a binary with petroleum, which has found a similar application 
in Crismer’s hands, and methyl alcohol with carl)on disulphide, 
the higher alcohols are completely miscible with these liquids. A 
ternary mixture was therefore sought. 

A 14 per cent. (13-994 grams per 100 grams of solution) solu¬ 
tion of hydrochloric acid was chosen, as both very convenient for 
our purpose and sufficiently sensitive; it gives an upper c.s.t. at 
43 - 55° and a lower at 9*6° with n-butyl alcohol 

•rc-Butyl alcohol is completely miscible with concentrated hydro¬ 
chloric acid (20- per cent.) at the ordinary temperature (Lieben 
and Rossi, Anrwlen , 1871, 158, 137). The presence of hydro¬ 
chloric acid causes a contraction of the solubility ring of the 
system butyl alcohol-water, in the same way as do es ethyl alcohol 
that of the system methyl ethyl ketone-water (Bruni, Atti B. 
Accttd. Lincei, 1899, [v], 8, 141). 

Fig. 1 represents the change in the system n-butyl alcohol-water 
when hydrogen chloride is introduced. The solubility ring, KK } , 
of water and butyl alcohol has, as yet, been followed over only a 
small section of the lateral portions; the intervention of the solid- 
liquid curve, si, prevents the realisation of the lower c.s.t. K ! . 
When hydrogen chloride is present, the ring contracts; L f , the 
lower c.s.t., appears above the ice line, and X, th& upper, is now 
at a lower temperature. As the concentration of the hydrogen 
chloride increases, the ring further contracts until, finally, misci¬ 
bility is complete. 
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Aqueous sulphuric and nitric acids give upper ternary c.s.t.'s, 
but no lower c.s.t.’s were observed: 

Sulphuric acid (24 per cent.) gave a c.s.t. at 8°/ nitric acid 
(35 per cent.) at 5°. 

Sulphuric acid (20 per cent.) gave a c.s.t. at 80°, nitric acid 
(31 per cent.) at 37°. 

The method of determining the c.s.t., and the apparatus 
employed, have been fully described in an earlier paper (Joe. eh.). 

The quantities of the acid solution and butyl alcohol which 
gave very vividly the critical phenomena are: 

Acid solution, 1 c.c.; butyl alcohol, 0*495S c.c. 

Pipettes of the type used for toluene were constructed and care¬ 
fully calibrated to deliver these quantities with that exactness 
which we have shown (foe. cit.) to be so necessary. 

The n-j Butyl Alcohol .—In order to prepare a pure n -butyl 


Fro, 1. 



alcohol, several specimens from various sources have been ex¬ 
amined. The untreated alcohols gave c.s.t.’s with the standard 
aqueous hydrochloric acid varying between such wide limits as an 
upper c.s.t. of 84° and complete miscibility, whereas pure butyl 
alcohol gives the value 43*55°. 

Most of these crude alcohols, after treatment with ordinary 
chemical reagents—dilute acids to remove bases, sodium hydrogen 
sulphite to remove aldehydes, and ketones, and boiling sodium 
hydroxide to decompose esters—and subsequent distillation, were 
found capable of giving a large percentage of material, the various 
fractions of which, on redistillation, gave the same c.s.t. about 
43°. Some of the material, however, which was homogeneous so 
far as could be tested by distillation, gave c.s.t.’s varying widely 
from this value; as one example, the c.s.t. was about 50°. and as 
mother about 60°, 
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A* examples of the behaviour of these crude butyl alcohols on 
distillation, the following may be cited: 

(1) A crude specimen (1000 c.c.) had an initial c.s.t. of 44‘8°. 
After drying with potassium carbonate, the c.s.t. was reduced to 
37‘8°. On distillation through an eight-bulb still-head, the main 
fraction of 550 c.c., boiling at 116'5°, gave a c.s.t. of 46’8°. 

After chemical treatment and redistillation, a considerable 
quantity of homogeneous material could he obtained from this 
main fraction (as well as from other specimens which had been 
similarly treated), the c.s.t. of which was 43—44°. 

An alcohol (1000 c.c.) from another source, which was remark¬ 
able as being initially completely miscible with the standard hydro¬ 
chloric acid, on mere distillation through an eight-column Young 
and Thomas dephlegmator furnished 750 c.c. of a homogeneous 
material giving a c.s.t. of 43°. 

Two other examples may be mentioned of specimens which give 
after a similar treatment quite different values of the c.s.t. 

Table I shows a record of fractionation of a specimen giving an 
initial c.s.t. of 66‘7°. 


Table I. 


Tempera¬ 

Volume of 

Critical 

Tempera¬ 

Volume of 

Critical 

ture, 

distillate. 

point. 

ture. 

distillate. 

point. 

118-0° 

10 e.c. 

63-1° 

116-3° 

10 c.c. 

(51 -5° 

116-2 

10 „ 

61-7 

116-4 

10 „ 

61-7 

110-3 

10 „ 

59-8 

116-4 

10 „ 

62-4 




116-5 

10 „ 

64*0 




i Residue. 

7 ,, 

above 90 


Treatment with chemical reagents left the value of the c.s.t. 
unaltered. 

The fractionation of another specimen, which gave after frac¬ 
tionation a homogeneous material with a c.s.t. of about 50°, is 
cited below (table II). 

One was thus unable, in the absence of a pure synthetic alcohol, 
to decide definitely whether the homogeneous material, giving a 
c.s.t. of 43°, contained an impurity impossible to remove by dis¬ 
tillation, which lowered the c.s.t., or whether the homogeneous 
material, giving a much higher c.s.t., contained impurities such 
as paraffins of similar boiling point, impossible to remove by dis¬ 
tillation or chemical treatment, which raised the c.s.t. 

It has been no simple matter to find a derivative of ??-butyl 
alcohol which would provide a means of obtaining the pure sub¬ 
stance. The derivative should preferably be a crystalline solid, 
into which the alcohol could be readily converted, and from which. 

Y Y* 
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as readily recovered without chemical change of the alcohol. The 
sodium salt of butyl salicylate meets these conditions. 

A large quantity of the alcohol, the fractionation of which is 
shown in the table (table II), was converted into the salicylate; 



Table II. 

Critical 

Fraction. 

Volume. 

solution, point. 

1 

40 e.c. 

57-0° 

2 

252 „ 

50-0 

3 

415 „ 

49-3 

4 

295 „ 

49-0 

5 

28 „ 

50-05 


the sodium salt is prepared by dropping the ester into a slight 
excess of 10 per cent, sodium hydroxide which is being vigorously 
stirred. The sodium salt crystallises out immediately; it is 
collected and freed from alherent liquor by pressure. The salt is 
reconverted into the ester by slowly adding both 10 per cent, 
hydrochloric acid and the solid salt to a large volume of cooled 
water which is being stirred. This process is repeated with the 
recovered ester. The ester is then hydrolysed by aqueous sodium 
hydroxide, and the butyl alcohol, saturated with water, is dried 
with potassium carbonate and distilled. Overheating, which would 
in itself lead to contamination, was avoided by using an oil-bath 
in this and other distillations. The table shows the values of the 
c.s.t. J s of the fractions in the final distillation. 



Table III. 

Weight of 

Critical 


fraction. 

solution 

Fraction. 

Grams. 

point. 

1 

10 

43-7° 

2 

27 

43-55 

3 

27 

43-55 

4 

30 

■ 43*5 

■5 

20 

43-5 

Residue 

about 5 

— 


It is seen that the material is now remarkably homogeneous. 
This n-butyl alcohol, which gives an upper c.s.t. at 43'55° and a 
lower c.s.t. at 9*6° with 13-994 per cent, hydrochloric acid, has 
D]% 0*814(17. 

Relation between the Concentration of Hydrochloric Acid and the 
Ternary Critical Solution Temperatures observed with b-j Butyl 
Alcohol . 

The c.s.t. is extremely sensitive to change in the concentration 
of the hydrogen chloride. Hydrochloric acid solutions of various 
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strengths were made up, and a definite volume (1 c.c.) was added 
to a definite volume of ra-butyl alcohol (0*4958 c.c.) in the experi¬ 
mental tube. The table shows the experimental values, and Fig. 2 
the curves constructed from them. 

Table IY. 

Critical solution points. 


Concentration of acid. '-' ■ 

(Grams in 100 grams of solution.) Upper. Lower. 

13- 994 43-55° 9-6° 

14- 068 41-S 12-1 

14-133 36-8 16-3 

14-248 27-4 25-0 


Fig. 2. 



Percentage concentration of HC1. 

So small a change ill the concentration of the hydrochloric acid 
as 0*254 per cent, alters the upper e.s.fc. by 16*15°, and the lower 
by 15‘4°. This great sensitiveness would afford a means of ascer¬ 
taining whether two solutions of hydrochloric acid within a small 
range were of accurately identical concentration. 

The measurement of the concentration of the hydrochloric acid 
solution has required exceptional care. As the most accurate 
process, a determination was chosen based on the measurements 
of the iodine (by W /20-thiosulphate, and starch indicator), set free 
from a mixture of potassium iodide and iodate, in which the 
amount of iodate is very accurately known. (Fuller details 
of the procedure will appear, it is hoped, in another place.) This 
method has been fully tested, and the accuracy with which 

y y* 2 
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the .solution of hydrochloric acid has been measured is repre¬ 
sented by the number 14*248 ±0*001 per cent. This .mean error 
corresponds with a difference of 0*05° in the c.s.t. of the system 
//.-butyl alcohol-water-hydrochloric acid. This particular solution 
of hydrochloric acid was used throughout the experiments on the 
purification of w-butyl alcohol. 

Obviously, in preparing an aqueous hydrochloric acid for the 
purpose of following the purification of //-butyl alcohol, the con¬ 
centration of the hydrochloric acid used need not be known with 
such accuracy. With the ordinary volumetric solutions, accurately 
standardised, and by using standard burettes, the concentration 
of the hydrochloric acid can he ascertained as 14*0 + 0*02 per 
cent., and by a gravimetric analysis as 14*0±0005 per cent. 
The divergence in the c.s.t. corresponding with this mean error 
will amount to 1° in the one and to 0-25° in the other. 


The Sensitiveness of the Critical Solution Temperatvre to 
Impurities. 

Water .—Water is one of the components of the system, and its 
effect as an impurity in the //-butyl alcohol is seen from table V to 
be comparatively slight; 1 per cent, of water raises the upper 
c.s.t. by 1°. Here, as in all these experiments on the effects of 
impurities, the concentration of the hydrogen chloride remains 
constant, the composition of the system only altering in the relative 
proportions of //-butyl alcohol and water. The immensely different 
effect produced when the concentration of the //-butyl alcohol 

, , .• concentration of HC1 . - , 

remains constant, while the ratio —*--— r .- ttw wr 18 varied, 

concentration or H 2 0 

is seen from the results on the relation between the concentration 
of the hydrochloric acid and the c.s.t., when a change of 0*25 per 
cent, leads to a fall or rise in the c.s.t. of 16°. 

An explanation of this divergence is forthcoming from a con¬ 
sideration of the isothermal diagram at 43*55°. 

In Fig. 3, M (80 per cent, of butyl alcohol) and N (8 per cent, 
of butyl alcohol) represent, roughly, the composition of a saturated 
solution of water in //-butyl alcohol and of alcohol in water at 
this temperature. K represents the composition of the system at 
the ternary c.s.t. at 43*55°. (HC1 = 10*15; w-butyl alcohol = 
.:'27*;45; water ="62 ,: 4'.-per .-cent..) 

From these results, it appears that the binodal curve has the 
generS.1 form shown—a curve with a very flat top. The line 
OKP- represents the composition of the system with constant con¬ 
centration of //-butyl alcohol, and the line QKR the composition of 
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the system with constant concentration of hydrochloric acid. 
From E, movement along ESP, that is, decrease in the concentra¬ 
tion of the hydrochloric acid, with a corresponding increase in 
the concentration of water, the concentration of -the alcohol being 
constant, brings the system into the heterogeneous region; by 
movement along ETQ. that is, decrease in the concentration of 
water, with a corresponding increase in the concentration of the 
alcohol, the concentration of the hydrochloric acid being constant, 
the system is brought again into the heterogeneous region, but at 


Fits. 3. 



no point is it far removed from the binodal curve, which it again 
cuts at T’. 

Let ET represent a 1 per cent, change in the ratio 

n -butyl alcohoL ^ C0Bcen ^ ra ^j 011 0 f the hydrochloric acid being 
water . 

constant, then ES, which equals ET, represents a 1 per cent. 

change in the ratio the concentration of the 

water 

alcohol being constant. $ is obviously very much further removed 
from the binodal surface than IT. Hence, as a result of the form 
of the binodal curves, a far larger change of temperature would 
be required to bring the system at $ on to a binodal curve than 
the system at T on to a curve. 

The results obtained with the other substances, namely, toluene, 
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ethyl alcohol, and amyl alcohol, which have been tested, appear in 
table V and Fig.- 4. 

The c.s.t. is extremely sensitive to the presence of such a sub¬ 
stance as toluene, the solubility of which in water so greatly differs 
from that of w-butyl alcohol. One per cent, of toluene in the 
butyl alcohol raises the upper and depresses the lower c.s.t. by 
19°. Paraffin, which- is less soluble, has a still greater effect. 


Fig. 4. 



Upper critical solution temperatures, 

30° 32° 34° 36° 38° 40° 42° 44° 48° 48° 50° 52° 54° 

Lower critical solution temperatures. 

-1° 1° 3° 5° 7° 9° 11° 13° 15° 17° 19° 21° 23° 


Discontinuous curves represent the effect of impurity on the lower c.s.t., 
Omtimmts curves represent the effects on the upper c.s.t. 

The c.s.t. is thoroughly sensitive to the presence of homologues. 
One per cent, of ethyl alcohol lowers the upper c.s.t. by 11°, and. 
I per cent, of amyl alcohol raises the upper c.s.t. by 5°, correspond- 
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lug alterations being observed in the lower c.s.t. Rough experi¬ 
ments with w-propyl, ?sobutyl, and sec.-butyl alcohols show a less, 
but still an appreciable, effect. One per cent, of ??-propyl alcohol 
lowers the c.s.t. by 6*1°, 1 per cent, of «sobutvl alcohol by 0*7°. 
and 1 per cent, of see .-butyl alcohol by 1*9°. The relations of 
the c.s.t.'s of isomerides are being more fully examined. 

The values of the c.s.t. in table Y were obtained when the 
quantities of the two constituents delivered respectively by the 
two pipettes were used, that is, 1 c.c. of the standard hydrochloric 
acid and 0*4958 c.c. of impure ?i-butyl alcohol. The “percentage ” 
of admixture is by weight in the w-butyl alcohol. 


Table V. 


Water present, per cent. 0 

Upper c.s.t. 43-55° 

Lower c.s.t. 9-6 

Toluene present, per 

cent. 0 

Upper c.s.t. 43-55° 

Lower c.s.t. 9-6 

Amyl alcohol present, 

per cent. . 0 

Upper c.s.t. 43-55° 

Lower c.s.t. 9-6 

Ethyl alcohol present, 

per cent. 0 

Upper c.s.t. .. 43-55° 

Lower c.s.t. 9-6 


2-677 

2-796 

10-75 

4*034 

45-7° 

46-2° 

52-35° 

47-95° 

8-2 

7-9 

3-0 

6-5 

0-1422 

0-3157 

0-5077 


47-4° 

50-1° 

53*2° 


5-8 

3-15 

—1-15 


0-5910 

0-8366 

2-666 

1*415 

46*95° 

47*6° 

53-8° 

50*1° 

6-75 

5-S 

-0-9 

3*25 

0-6288 

0-2381 



35-3° 

40-1° 



16-8 

12-8 




University College ox North Wales, 
Bangor. 


[Received, September 17 Oh, 1919.] 


OX.— The Action of Grignard Reagents on the Esters 
of Certain Dicarboxylic Acids. 

By Harey Hefwoeth. 

The action of G-rignard reagents on the esters of the simpler satur¬ 
ated aliphatic dicarboxylic acids has been the subject of several 
investigations. Yaleur (Compt. rend., 1901, 132, 833) obtained 
ditertiary glycols by the action of magnesium methyl iodide and 
magnesium. ethyl iodide on ethyl oxalate, ethyl malonate, and 
ethyl succinate, and somewhat later (Compt, rend., 1903, 136, 
894) prepared benzopinacone and tetraphenylbutanediol by the 
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action of magnesium phenyl bromide on methyl oxalate and ethyl 
succinate respectively. Diltliey and Last (Ber., 1904, 37, 2639) 
claimed to have prepared jS-benzopinacolin from ethyl oxalate, and 
magnesium phenyl bromide, and diphenylphenacylcarbinol, 
COPli*CH. 2 *CPli 2 *OH, from ethyl succinate in a similar way. 
Valeur, however, still claimed that the product of the action of 
magnesium phenyl hro-mide on methyl or ethyl oxalate is benzo- 
picacone (Compt. rend., 1904, 139, 480). Again, Harries 
(Auncdeii, 1905, 343, 363) prepared /3eHimethylhexane^8e-diol, 
OH*CMe 2 * CH 2 • CH 2 *CMe 2 • OH, by the interaction of magnesium 
methyl iodide and ethyl succinate. In all these investigations the 
experimental conditions have been such as would favour attack 
on both, carboxyalkyl groups by the Grignard compound employed, 
with the result that almost invariably fully substituted glycols or 
compounds of an analogous nature have been produced. 

An exception arises in the work of Slavjanov (J. Russ. Phys. 
Vhem. Soc., 1907, 39, 140), who, during the course of some experi¬ 
ments on the preparation of hexamethylcyc/opropane, incidentally 
obtained some ^-hydroxy-aajS-trimethylbutyric acid, 
0H-CMe 2 *CMe 2 *C0 2 H, 

by the action of magnesium methyl iodide on methyl dimethyl- 
malonate. The only other evidence of selective action of Grignard 
reagents on one of the two carboxyalkyl groups of the esters of 
the simpler aliphatic dicarboxylic acids appears to be that of 
Egorova (J. Russ. Rhys. Chew. Soc., 1909, 41, 1454), who acted 
on ethyl oxalate with magnesium tert.-b utyl chloride, and obtained, 
amongst other products, a-liydroxy-&B-dimethylbutyrie acid, 
C Me ; p CH (OH) • C0 2 H, and a-ethoxy-/3j3-dimethylbutyric acid, 
GMe 3 -CH(OEt)*cd 2 H 3 whilst, in the hop© of finding a convenient 
method of obtaining a-ketonic acids, the action of Grignard 
reagents on ethyl oxalate was investigated by Inglis and Mason 
(P., 1909, 25, 195), but the work described in this note is incom¬ 
plete and does not appear to have been subsequently published. 

In view of the fact that the discrepancy between the observa¬ 
tions of Slavjanov (loc. ck.) and the results of other workers might 
be attributed either to a form of sterie hindrance exerted by the 
methyl-substituting groups of the ester of dimethylmakmic acid 
or to the fact that Slavjanov used only three equivalents of mag¬ 
nesium and methyl iodide, whereas Valeur, Dilthey, and Harries 
used at least four equivalents, it was decided to carry out experi¬ 
ments 'to ascertain whether, by suitable control, the action of the 
Grignard reagent on the esters of certain aliphatic dicarboxylic 
acids could be confined to one carboxyalkyl group. 

. In this connection, it is interesting to note that Grignard 
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reagents react in a rather anomalous and unexpected manner with 
ethyl acetoacetate and its alkyl derivatives. Tims Origuard has 
shown (Compt. rend., 1902, 134, 849) that magnesium methyl 
iodide and ethyl acetoacetate give methane, hydrogen, and un¬ 
changed ester, the ester thus reacting in the enolie form. On the 
other hand, the monoethyl derivative of ethyl acetoacetate and 
magnesium methyl iodide react to give some ethyl 8 -hydroxy-a- 
ethyLtso valerate, O IT * C M * C IT E t • C 0 2 E t, whilst methyl diethyi- 
acetoacetate does not react at all. Again, McKenzie (T., 1906, 83, 
380) has shown that mentliyl acetoacetate' reacts as though entirely 
enolie. 

Experiments have been carried out on the action of magnesium 
methyl iodide and magnesium ethyl bromide on ethyl oxalate, 
ethyl malonate, ethyl ethylmalonate, ethyl dimethylmalonate, and 
ethyl succinate, using about 2 ‘5 equivalents of magnesium and 
alkyl haloids to one of ester. With the exception of ethyl malon¬ 
ate, which appears to react entirely in the enolie form, the reaction 
has been so regulated as to confine the action of the Grignard com¬ 
pound almost completely to one carboxyalkyl group. 

In these experiments it was not found necessary to prepare the 
Grignard reagent separately, as the best results were obtained by 
dropping a mixture of alkyl haloid and ester into a well-stirred 
and cooled mixture of magnesium powder and dry ether (compare 
Davies and Kipping, T., 1911, 99. 296). The mixture of alkyl 
haloid and ester was added at such a rate as to keep the reaction 
just perceptibly in progress. 

In this way a-hydroxyAobutyric acid and a-hydroxy-a-ethyl- 
butyric acid were prepared from ethyl oxalate, /3-liydroxy-a-ethyl- 
/•'•uvaleric acid from ethyl ethylmalonate, iS-hydroxy-aa^-trimethyl- 
butyric acid from ethyl dimethylmalonate, and Aohexolaetone and 
7 -etliyl-n-hexolactone from ethyl succinate. 

Now Shibata has shown (T., 1909, 95, 1449) that Grignard 
reagents react with ortho-phtlialic esters to give derivatives of 
phtlialide, in which only one carboxyalkyl group of the phthalie 
ester is attacked. He compares this reaction with the production 
of tetra-alkylbutanediols from ethyl succinate and Grignard com¬ 
pounds (Valeur, loc. eit .), and concludes from this, together with 
the work of Betlimann (Zeitsch. phymkal. Chew., 1890, 5, 409) on 
succinic acid, that in the latter compounds the t-wo carboxyl groups 
are in the Zm//s-position, whereas in o-phthalic acid the carboxyl 
groups are in the exposition, it has now been shown that the 
action of the Grignard compound may be confined to one carboxy¬ 
alkyl group in the case of ethyl succinate with the production of 
yy-dialkylbutyrdlactones, from which it might equally well be, 
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concluded that the two carboxyl groups in succinic acid are in the 
m-position. All that can be safely inferred, however, seems to be 
that in the intermediate compounds obtained by the interaction of 
Grignard compounds and ethyl succinate or orthophtlialic esters, 
the hydroxyl and carboxyalkyl groups are possibly in the c«s-posi- 
tion, and in the absence of any strictly quantitative data it is 
somewhat hazardous to draw any conclusions as to the steric 
structures of succinic and phthalic acids from such observations. 

Experimental. 

Preparation of a-llydroxy-a-ethylbutyric Acid from Ethyl Oxalate. 

Three hundred grams of dry ether and 10 grams of magnesium 
powder were introduced into a wide-necked flask provided with a 
stirrer, dropping funnel, and condenser, and surrounded by ice. 
Ten grams of ethyl bromide were placed in the flask, and after the 
reaction had started a mixture of 73 grams of ethyl oxalate and 
126 grams (2*5 mols.) of ethyl bromide was added at such a rate 
as to keep the reaction proceeding slowly. The rest of the mag¬ 
nesium, 21 grams (2*5 mols.), was added from time to time so as to 
keep the magnesium always in excess. Towards the end of the 
reaction the contents of the flask became very viscous. Stirring 
was continued for an hour after the whole of the magnesium had 
been added, after which the mixture was allowed to remain over¬ 
night at the ordinary temperature. 

The mixture was then heated on a water-bath for two hours and, 
after cooling, ice-cold water followed by 4-0 per cent, sulphuric acid 
was slowly added until the whole of the magnesium had dissolved. 

A brown oil separated, and after its removal the residue was 
extracted four times with ether. The oil and ethereal extract were 
combined, dried over anhydrous sodium sulphate, and the ether 
removed, by distillation, when 6T grams of a brown, rather viscous 
oil remained. 

This oil was then distilled, when about 53 grams passed over 
between 172° and 185°. At 210° there was evidence of decomposi¬ 
tion and the distillation w;as stopped. The fraction distilling at 
172—-185° was fractionated in a five-pear column, when about 
48 grams distilled at 174-—180° and about 4 grams at 180—-186°. 
The latter proved to be principally unchanged ethyl oxalate. 

The fraction distilling at 174—-180° was redistilled, when 45*5 
grams (57 per cent.) of ethyl a-hydroxy-a-ethylbutyrate distilled at 
175—177° (corr.) (Frankland and Dnppa, Annalen , 1863, 126, 
109). vpj ; .b..; ' A.-' 

Sixteen grams of the ester were boiled under reflux with 5 grams 
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(1£ mois.) of sodium hydroxide for two hours. After cooling and 
acidifying, a solid separated, which was removed, and the residue 
extracted six times with ether. There were obtained 12 grams of 
an acid, which crystallised from light petroleum in long needles 
melting at 79'5°. 

The identity of this acid with a-hydroxy-o-ethylbutyric acid was 
established by conversion into its barium salt (Found, Ba = 34*22 ; 
calc., Ba = 34*3 per cent.) and by its conversion into the etkylwo- 
crotonic acids on repeated distillation (Fittig, Annalen , 1904, 384, 
101 ). 


Preparation of a-Hy droxy isobutyric Acid from Ethyl Oxalate. 

This was carried out on exactly the same lines as the preparation 
of a-hydroxy-a-ethylbutyric add described above, except that 
methyl iodide was used instead of ethyl bromide. Seventy-three 
grams of ethyl oxalate were treated with 30 grams (2*5 mols.) of 
magnesium powder and 180 grams (2*5 mols.) of methyl iodide] 
39*6 grams (60 per cent.) of an oil boiling at 150—151° were 
obtained, and the identity of this with ethyl a-hydroxyisobutyrate 
was confirmed by conversion of 10 grams of the ester into the acid. 
The latter melted at 78° and the barium salt was analysed (Found, 
Ba = 39*82; calc., Ba = 39*98 per cent.) (Frankland and Duppa, 
Annalen, 1865, 133, 80] Fittig, ibid., 1877, 188, 54). 

Several attempts were made to increase these yields by variations 
in the addition of the reagents, but in no case was a yield greater 
than 60 per cent, obtained. Unless the addition of alkyl haloid 
and ester is made very slowly, a considerable amount of a by¬ 
product, which is probably a butanediol, is formed. 

Preparation of y-Ethyhn-hexolactone from Ethyl Succinate. 

Eighty-seven grams of diethyl succinate (b. p, 215—216°) were 
treated with 30 grams (2*5 mols.) of magnesium powder and 136 
grams (2*5 mols.) of ethyl bromide in 400 c.c. of dry ether as 
described in the preparation of ethyl a-hvdr oxy-a-etnvlbu tyrate. 
After removal of the ether, an oil was obtained, of which the 
greater part distilled at 125—140°/23 mm., although a little passed 
over at 120—123°. The former fraction, weighing 32 grams, was 
fractionated under the ordinary pressure, when 26 grams distilled 
at 227—232° (corr.); This fraction was freed from any unchanged 
ethyl succinate by boiling under reflux with 15 grams of sodium 
hydroxide for two hours, acidifying with concentrated hydrochloric 
acid, and boiling for a further half-hour, when an oil separated 



1208 HEPWORTH : THE ACTION 01’ GRIGNARD REAGENTS 

on the surface. This was removed and the residue extracted eight 
times with ether. The oil and ethereal extract were then combined 
and washed with a little sodium carbonate to remove succinic acid. 
After removal of the ether, 27 grams of an oil remained, which on 
redistillation boiled at 229—231° (con*.). 

A further 6 grams of the lactone were obtained by working up 
the fraction distilling at 120—123°/23 mm. The total yield was 
33 grams (46 per cent, of the theoretical). 

The identity of this compound with y-ethyl-n-hexolaetone was 
established by its conversion into the barium salt of y-liydroxy-y- 
ethyl-n-hexoic acid (Wischen, Ann-alert, 1867, 143, 262; Emmert, 
Her., 1888, 15, 1851). The latter was obtained as an amorphous 
powder, readily soluble in water or alcohol, which on recrystallisa¬ 
tion from alcohol gave Ba = 30*12 (calc., Ba —30T7 per cent.). 

Preparation of isoHexolactone from Ethyl Succinate, 

Eighty-seven grams of diethyl succinate were treated with 30 
grams (2'5 mols.) of magnesium and 177 grams (2*5 mols.) of 
methyl iodide exactly as described above. An oil (57 grams: 50 
per cent, of the theoretical) was eventually obtained which boiled 
at 200—202° (Blanc, Compt. rend., 1904, 138, 579; 139 , 65). The 
identity of this with fsohexolactone was established by conversion 
into the barium salt of y-hydroxyfsohexoic acid (Found, Ba = 34‘3; 
calc., Ba = 34*3 per cent.). 

Experiments were carried out in which the whole of the ethyl 
succinate was placed in the flask and the ethyl bromide slowly 
added, but the reaction was more difficult to control and no greater 
yield was obtained. 

Action of Magnesium Methyl Iodide on Ethyl Malonate. 

A mixture of 16 grams of ethyl malonate (b. p. 198°) and 36 
grams of methyl iodide (2*5 mols.) was added drop by drop to 
6 grams of magnesium in 100 c.c. of dry ether as described under 
the preparation of a-hydroxy-a-ethylbutyric acid from ethyl oxal¬ 
ate. On decomposing the product with water and dilute sulphuric 
acid, the greater part of the ethyl malonate was recovered un¬ 
changed. From this it would appear that under these conditions 
ethyl malonate reacts in the enolic form. 

Action of Magnesium Methyl Iodide- mi Ethyl Eihylmalonate, 

A mixture of 19 grams of ethyl eihylmalonate (b. p. 204—206°) 
and 36 grams of methyl iodide (2*5 mols.) was added dro-p by drop 
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to a well-cooled and stirred mixture of 6 grams of magnesium and 
100 e.c. of dry ether as described before. The mixture was allowed 
to remain overnight at the ordinary temperature and then heated 
under reflux, on a water-bath, for three hours. 

After decomposing, an oil was obtained, the greater part of 
which distilled at 200—207° and proved to be ethyl ethylmalonate. 
About 5 grains of a fraction of higher boiling point (220—240°) 
was collected, and on hydrolysis gave an acid which, when crystal¬ 
lised from light petroleum containing a little acetone, melted at 
72°. This acid appeared to be 04iydroxy-a-ethyl?'$ovaleric acid, 
obtained by Grignard ( Gom.pt . rend ., 1902, 134, 849) by the action 
of magnesium methyl iodide on ethyl ethylacetoacetate. The 
barium salt on analysis gave Ba=32’07 (calc., Ba = 32Tl per cent.) 


Action of Magnesium Methyl Iodide on Ethyl Dim ethylmalonate. 

Slavjanov (Joe. cit.) obtained /35-dihydroxv-/3yy8-tetramethylpen- 
tane and 0diydroxy-aa0-trimethylbutyric acid by heating one 
equivalent of ethyl dimethylmalonate with three equivalents of 
magnesium and methyl iodide in the presence of dry ether, on a 
water-bath for three to five hours. 

A mixture of 19 grams of ethyl dimethylmalonate and 36 grams 
of methyl iodide (2'5 mols.) was added drop by drop to a well- 
cooled and stirred mixture of 6 grams of magnesium in 100 c.c. of 
dry ether, as decribed before. The mixture was allowed to remain 
overnight at the ordinary temperature, and then heated under 
reflux on a water-bath for three hours. 

After decomposing, an oil separated which on distillation gave a 
fraction (9 grams) boiling at 190—210° and a second fraction 
(7 grams) boiling at 220—250°. The former proved to be ethyl 
dimethylmalonate, whilst the latter, on hydrolysis, gave an. acid 
which on purifying by sublimation melted at 151—152°. This acid 
appeared to be identical with 0-hydroxy-aa0-trimethylbutyric acid 
first prepared by Reformatsky (Ber,, 1895, 28, 2839). During the 
hydrolysis of the fraction boiling at 220—250° a little insoluble 
material remained, which cm recrystallisation melted at 77°. This 
was probably 0 S-dihy droxy-0y y8 -tetramethylpentane, but there was 
insufficient material for further examination. 

Preliminary experiments on this investigation were carried out 
at University College, Nottingham, in 1915, under the direction 
of Prof. Kipping. 

The author is indebted to the Research Committee of Messrs. 
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Nobel’s Explosives Co., Ltd., and particularly to Mr. Rintoul, for 
the facilities accorded him for the completion of this work, and also 
to Mr. Carr, of Messrs. Boots, Ltd., for permission to publish 
certain portions of this investigation. 

The Research Laboratories, 

Abdeer. [ Received , September 8 th , 1910.] 


(JXL— The Melting Points of the Substituted Amides 
of the Normal Fatty Acids. 

By Philip Wilfred Robertson. 

Our knowledge of the physical properties of homologous series is 
largely due to the researches of Krafft. Whereas the densities 
approximate to a constant value as the series is ascended, th© melt¬ 
ing points and boiling points continue to rise, although the succes¬ 
sive differences become smaller and smaller. To this general rule, 
however, the normal fatty acids form a noteworthy exception, since 
their melting points fall to a minimum and then subsequently rise, 
and further since the values for the odd and the even members 
fall on two distinct curves. This exceptional behaviour has been 
attributed to the association of the earlier members of the series, 
which itself is probably not unconnected with the arrangement of 
the atoms in space. Some years ago it was pointed out (Robertson, 
T., 1908, 93, 1033) that the amides, anilides, and p-toluidides 
showed an even greater irregularity, which was explained, rather 
vaguely, as being due to molecular dissymmetry. In the Hope of 
obtaining a nearer insight into the relationship between melting 
point and chemical composition, certain new series, in particular, 
bromo-derivatives, have now been investigated. In the meantime a 
systematic search through the earlier and more recent literature 
had revealed a considerable discrepancy between the values pub¬ 
lished by different observers; in some cases the melting points given 
for a compound differed by as much as 20°. In these circumstances 
it was felt necessary to make a complete redetermination of the 
melting points of these series. The correctness of a given melting 
point would appear to depend essentially on the following factors: 
(a) the identity of the normal fatty acid employed in the prepara¬ 
tion, (5) its purity, and especially its freedom from neighbouring 
homologues, which in the final product can be separated often only 
with the greatest difficulty; (c) the purity of the product (especially 
when it is very readily soluble and tends to separate as an oil), 
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which was attained by numerous recrystallisations from different- 
solvents j (d) the accuracy of the melting point determination. As 
is indicated in the sequel, every effort has been made to fulfil these 
conditions. 

The melting points of the amides, anilides, p-toluidides, o-toln- 
idides, p-bromoanilides, o-bromo-p-toluidides, tribromo-anilides, 
jS-naphthylamides, and a-bromo-j3-naphthylamides are collected in 
the following tables. Each series will first of all be considered sepa¬ 
rately and then the results will be discussed as a whole. 


No. of carbon 
atoms in. chain. 


Table I. 


Amides. 
M. p. 


Anilides. 
M. p. 


-p-Toluidides. 
M. p. 


2 

3 

82° 

77’ 

112° 

106 s 

153° 

120° 

4 

5 

115 

100 

96 

63 

75 

74 

6 

7 

101 

DO 

92 

65 

73 

SO 

8 

9 

105 

99 

55 

57 

70 

84 

10 

11 

99 

99 

70 

71 

78' 

80 

12 


100 


78 


87 



13 


100 


SO 


88 

14 

15 

103 


84 


93 


10 


100 


89 


98 


IS 


109 


94 


102 



Amides (Table I; Pig. 1). 


As is clearly visible in the figure, the melting points of the odd 
and even members fall on two distinct curves, which, although not 
superposable. rise and fall in the same manner at corresponding 
places. The initial rise is characteristic only of the amides; the 
substituted amides, and the fatty acids also, show a fall in melting 
point at the beginning of the series. It is to be noted that the 
lower fatty amides, like the corresponding acids, are considerably 
associated; but the type of melting-point curve is quite different in 
the two series. . 

Anilides (Table I; Pig. 2). 

The melting points of the even anilides fall to a sharp minimum 
at the eighth member, with a noticeable flattening between the 
fourth and sixth members. The large fall in melting point 
between the C 6 and the C s anilide, no less than 37°, is very remark¬ 
able.'. 
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The odd series shows a similar large fall followed by a slight rise 
at the fifth member, corresponding with the flattening in the even 
series. It is to be noticed that this curve is, at the beginning, 
exactly the reverse of the odd curve of the amides. The factor caus¬ 
ing the irregularity apparently is acting in the reverse sense in 

Fig. 3. - 
\>-Toluiduhs. 


(Even members-; odd members. 



two series until its effect is eliminated by another factor, some func¬ 
tion of the molecular weight, which begins to operate higher in the 
series.' 

]> T6luidid.es (Table I; Fig. 3). 

The introduction of a methyl group in the para-position of the 
anilides causes a fundamental change in the melting-point relation¬ 
ships* In the even series the noticeably large initial fall is followed 
by a very slow decrease to the minimum at the eighth member, 
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Ill the ocld series, on the other hand, the initial fall is followed 
by a slight rise and subsequent fall to a second minimum at the 
eleventh member. 

Table IT. 

No. of carbon o-Toluidides. o-Bromo -p -toluiclides. p-Bromo-aniHdes. 


is in 

chain. 

M. p. 

M. 

P- 

M. 

P- 

2 


110° 

118° 


167° 



3 

87" 


111° 


149° 

4 


79 

. 90 


115 



5 

70 


100 


10S 

6 


71 

84 


105 



7 

68 


90 


9S 

S 


69 

78 


103 



9 

73 


86 


.100 

10 


78 

82 


102 



11 

78 


91 


102 

12 

13 

83 

83 

85 

95 

104 


14 


8S 

S9 


107 



15 

— 


— 


— 

16 


— 

— 


110 



17 

_ 


_ 


_ 

18 


97 

97 


114 



Fig. 4. 
o-Tofaiidides. 

(Even members-; odd members - - - - -) 


*V 



No. of carbon atoms in chain. 


o-Toluidides (Table II; Fig. 4). 

Both the odd and even members form the typical curve, that is, 
the melting points fall to a minimum and then rise again with 
. increasing slowness.as the series is ascended' 
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In Figs. 1 to 4 it is seen that after the eleventh member the melt¬ 
ing points of the odd compounds fall slightly below the even values, 
which behaviour characterises the fatty acids also. This appears to 
be the general rule, to which the next series is, however, an excep¬ 
tion. 

o-Bromo-\>toluidides (Table II; Fig. 5). 

The even and the odd series form typical curves, approx im ately 
parallel to each other. 

Whereas the odd melting points generally tend to coincide with 
or fall slightly "below the even values, at all events with compounds 

Fm. o. 

o -Bromo-p-toluididts. 

(Even members- ; odd members.} 


M. P . 



of high molecular weight, here their average melting point is no 
less than 6° higher. It has not been found possible to correlate this 
noticeable difference in behaviour with any other characteristic of 
the series. 

p-Bromo-anHides (Table II; Fig. 7). 

As is seen in Fig. 7, in which the melting points of the even 
series only are plotted, there is a large fall from the second to the 
fourth member, followed by a further slow fall to a minimum at 
the C 10 compound. The odd values fall somewhat below the even 
and show a minimum at the" seventh 'member., : 
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Table III. 



2:4: tf-Tri- 

^-Naphthyl- 

c-Bromo- 

of carbon 

bromo-anilitles. 

amides, 

B-naphthylamid 

ns in chain. 

M. 

P- 

M. p. 

M. p. 

2 

232° 


132° 

138° 

3 


203 

„ 

139” 

4 

179 


125 

139 

5 


__ 

112° 

136 

0 

136 


107 

120 

7 


134 

101 

111 

8 

131 


103 

104 

[> 


131 

103 

103 

10 

129 


104 

102 

11 


129 

— 

— 

12 

126 


106 

99 

13 


— 

107 

— 

14 

124 


I OS 

100 

15 



— 

— 

16 

124 


— 

— 

17 

18 

120 


112 

106 


2:4: Q-Trihruino-anilides (Table III; Fig. 7). 

The rapid initial fall in melting point noticed in the />br 01110 - 
anilides beomes in this series even more exaggerated, and the mini¬ 
mum is now higher in the series. The curve for the odd members is 
almost coincident with the even curve. 


M.p. 

150 

140 

130 

(20 

HO 

<00 
90 

I S-Napkihylamides. II. a-Broma-&-tiaphiJhylamide#. 


Fig.6 
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fS-Xapbl h if!a nude: a (Table III; Fig. 6). 

The comparatively slow initial fall in melting point differentiates 
this series from those hitherto considered. The curve for the odd 
members at first falls slightly below and then coincides with the 
even curve. 

Fig. 7. 



I. Anilides. II. p -Toluidides. III. o -Ehvmo -p ■toluidir]es. 

IV. p -Brom o-anilides. V. Tribromo ■ anilides , 

a-Bronio-fi-naphthylamklez (Table III; Fig. 6). 

The effect of introducing a bromine atom is to change the initial 
slow fall in melting point of the jB-naphthylamides into a very slight 
rise, and to cause the minimum to occur higher in the series. The 
curves for the odd and even members tend to coincide. 

From an inspection of Fig. 7, in which several typical curves are 
collected, it appears that the higher melting-point curves («) have a 
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greater initial fall, ( b) are flatter in the neighbourhood of the 
minima, (e) have minima which occur higher up in the series. 

If the initial fall in melting point is to be attributed to the 
greater association of the earlier members, as in the case of the fatty 
acids, it might be expected to become much less for a series of 
compounds like the tribromo-anilides, in which the diortho-group¬ 
ing would prevent molecular association. This initial fall must 
then be due to some other cause. It should be noticed that it is 
at all events unconnected with the weight of the substituent 
radicle. Thus the anilides and ^-toluidides have totally different 
types of curve, as likewise the p-bromo-anilides and the o-bromo-p- 
toluidides. 

At a certain distance up the series, in most of the cases examined 
at about the fourteenth member, the curves tend to- become parallel, 
rising somewhat less rapidly as the weight of the substituent group 
increases. It would seem then that at this stage the causes of the 
initial fall in melting point, and the variations in the early part 
of the curve generally, had been eliminated, and that some single 
factor, probably the molecular weight, was operative only. 

The molecules of a solid may be regarded as being held together 
in a condition of strain by some force, possibly magnetic (Oxley), 
on the magnitude of which depend double refraction in particular 
and the physical properties of the solid generally. The energy of 
the molecules is almost entirely vibrational, half of which is kinetic 
and half potential. As the temperature rises the amplitude of 
vibration of the molecule increases, and when it becomes equal to 
the' mean distance of the molecules apart, which is proportional 
to the cube root of the molecular volume, the substance melts 
(Lindemann). Equating the energy in terms of heat required to 
raise the molecule from the absolute zero to its melting point, T a , 
with the vibrational energy of the molecule at this temperature, one 
obtains the expression 

MsTg — K. . J/rV (k- const.), 

where M is the molecular weight, s the mean specific heat from the 
absolute zero to T s , V the molecular volume, and v the characteristic 
vibration frequency of the molecule. 

It is thus seen that the melting temperature is a function of the 
specific heat, the molecular volume, and the vibration frequency 
of the molecule. A suitable variation of these three values would 
be capable of causing the observed irregularities in the melting 
points of a series of compounds. This equation also shows that the 
magnitude of the melting point is independent of any association 
in the liquid phase, although it is probable that the factors causing 
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suck association would effect the values of s, V, and v in the sense or 
increasing the value of T s - 

High up a series the density and specific heat of successive mem¬ 
bers become approximately constant, and then 

Ts — k 1 . i/h' 2 (fb — const.). 

Under such conditions v is probably some simple function of 31, so 
that the melting point might be expected to depend on the magni¬ 
tude of the molecular weight alone. Actually the empirical rela¬ 
tion, 

Ts=k# . Mi (k ii = const.), 

has been found, with two noticeable exceptions, to give a fair agree¬ 
ment, not only for the higher members of the substituted amides, 
but for other compounds also (table IV). 


Table IV. 

Rise in m. p. for 2CH a . 


Experi- From 

Compound. mental.' 15 formula, 

C l8 anilide... 5-0° 4-7° 

C ia jj-toluidide.. 4-5 4-0 

C 16 o-toluidide... 4-5 4*6 

C 18 p-bromoanilide .. 4*0 4*0 

C m o -bromo -p -toluidid©. 4*0 3*9 

C 1(i a-bromo-0-naphthylamide . 3*0 3*2 

C 18 amide.... ;p0 6*1 

C,. 8 -naphthylamide . 2*0 4*3 

Triacontane, . 3-9 3-6 

Montanone, C- 5 H 110 O ... 1*8 2*2 


* For the substituted amides, the mean difference between the C 14 and 
C 13 compounds was taken; in the other cases, a slight interpolation was 
necessary. 


Experimental. 

The substituted amides obtained ill this investigation were pre¬ 
pared in the following manner. About X gram of the fatty acid 
was mixed in a test-tube with slightly more than the theoretical 
quantity of thionyl chloride and heated to 100—120° in a sulphuric 
acid bath for about an hour. The theoretical quantity of base was 
then added, and the mixture further heated for half an hour to a 
somewhat higher temperature. The product was recrystallised 
from alcohol until the melting point was constant, and then finally 
from light petroleum, with which was mixed, in the case of the 
less soluble compounds, a small quantity of benzene. 

The fatty acids employed were obtained from Kahlbaum. The 
purity of the solid , acids, was ■ tested by ■ determining their melting 
points; the liquid acids were either synthetic or were compared 
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with Merck's preparations by preparing a common derivative and 
testing by the method of mixed melting point. The bases were 
purified by several recrystallisations before being used for the 
preparations. 

Repeated attempts were made to discover the existence of physi¬ 
cal isomerides by reeryst-allising the same compound from different 
solvents and at different temperatures, and also by having present 
a trace of alkali or of acid in the solution. All these experiments, 
however, were without result. 

All the melting-point determinations were made by the capillary 
tube method in a castor-oil bath with the same thermometer, which 
was compared from time to time with a standard one. 'When it 
happened that neighbouring members of a series melted at about 
the same temperature, their melting points were redetermined 
simultaneously. 

The amides not containing bromine were analysed by the methods 
of .Dumas or Kjeldahl. The bromo-derivatives were analysed by 
the chromic acid method,* which with practice enables an estim¬ 
ation to be made in about fifty minutes. 

In table V are given the redetermined values of the melting 
points of the amides, anilides, and p-toluidides. The values given 
by other observers are included for the sake of comparison. 

Table V. 


Compound. Formula. M. p. Previous observers. 

w-Valeramide . C 8 H U 05? 106° 115° (Weidel); 105° (Fournier); 

102° (Hofmann). 

n-Hexoamide .. CaH ]; .ON 101 100° (Hofmann). 

w-Heptoatnide . C-H ls OX 96 96° (Hofmann) ;■ 93° (Mehlis); 95° 

(Fournier ); 93° (Malherba); 94° 
(Asehan); 

n-Octoamide .. C s H i; ON 105 110° (Felletar); 100° (Hofmann); 

98° (Asehan). 

n-Honoamide ......... C„H 19 ON 99 99° (Hofmann); 93°(Schalfejew). 

n-Deeoamide . C^H^ON 99 108° (Bhestadt); 98° (Hofmann). 

w-Undecoamide ...... C-iH^ON 99 103° (Ehestadt); 81° (Lwow). 

Lauramicle .. .. C (2 H^ON 100 110° (Ehestadt); 102° (Krafft); 99° 

(Caspari); 97° (Lutz). 

n -Trideeoamide . C^H^ON 100 98° (Lutz). 

Myristamide. C,<K, s Ob T 103 102° (Beimer). 

Palmitamide .. C„H^ON 100 107° (Krafft); 105° (Hell); 101° 

(Carlet). 

Stearamide . C 18 H :)t ON 109 109° (Krafft); 108° (Hell); 107 s 

■ (Carlet). 

n -Butyranilide ...;.,... C in Hj ;? QN 96 97° (Beneck); 93° (Fournier); 92 Q 

(Kelbe); 90° (Geriiardt); 90 

(Autenrieth). 


*■ Bobertson,/T.,'1915, '107 » 902. The following slight modifications have 
been, introduced. Sodium peroxide is used instead of perhydrol, and 
N /20-silver nitrate and thiocyanate in place of N/H 0-solutjons. 
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Table V ( continued ). 


Compound. Formula. M. p. Previous observers. 

w-Vaieranilide . CnHAON 63° 63° (Fournier); 61° (Easterfield) ; 

60° (Majima). 

■n-Hexoanilide . G 13 H 17 ON 92 95° (Kelbe). 

n-Heptoanilide . C 1 ;! H 19 ON 65 71° (Lwow). 

w-Octoanilide . C^H^ON 55 57° (Robertson). 

n-Nonoanilide . C^HogON 57 57° (Robertson). 

;i -Deco anilide . O l 6 H i5 ON 70 61° (Robertson). 

ti-Undecoanilide . C l 7 H 27 QISr 71 68 °(Bagard); 64° (Robertson). 

Lauranilide . C 1 S H 29 0N 78 76 c (Caspar!) 68 ° (Robertson). 

n-Rutvro -p -toluidide C n H 15 ON 75 74° (Robertson). 

«-Valero- „ C 12 H 17 ON 74 72° (Robertson). 

??,-Hexo- ,, C^H 19 OJN t 73 75° (Robertson). 

«,-Hepto- „ O u H 2l ON 81 80° (Robertson ); 79° (Kipping). 

w-Oeto- „ Cis-HoaON 70 67° (Robertson). 

w-Nono- )f 84 Sl° (Robertson). 

n-Deco- „ C 17 h; 7 ON 78 80° (Robertson). 

«-Undeco- „ C [ 8 H 20 ON 80 75° (Ragard ); 73° (Robertson). 

Lauro- „ C l 9 H 31 ON 87 81° (Robertson). 

Myristo- ,, C 121 H 35 ON 93 93° (Robertson). 

Palmito- „ C 2 ; ,H 39 ON 98 96° (Robertson). 

Stearo- „ 102 98° (Robertson). 


In table YI are given the new compounds prepared in this in¬ 
vestigation, with melting points and analytical results; the per¬ 
centage values refer to bromine in the case of the bromo-derivatives 
and to nitrogen for the other compounds. 


Compound. 

Table VI. 

Formula. 

M. p. 

Found 

per 

cent. 

Calc. 

per 

cent. 

•/i-Tridecoanilide. 

. C 19 H. n ON 

80° 

1ST --4*7 

4*8 

re-Trideeo-p-toluidide . 

GjoH-nON 

88 

4-4 

4*6 

n-Butyro-o-toluidide. 

... c„h 15 on 

79 

8*0 

7*8 

m-Hexo- ... 

.... C ls H lfl ON 

71 

6-6 

6*8 

?i-Hepto- ,, . 

.... C w H..jON 

68 

6*5 

6*4 

w-Oeto- . 

.... CisH^ON 

69 

6*2 

6*0 

n-Nono- . 

.... C l8 H, s ON 

73 

5-4 

5*7 

?;t-Deco- ,» . 

. C 17 H 27 ON 

76 

5*2 

5*3 

n -Undeco- .. 

.... C 18 H. i9 ON 

78 

5*0 

5*0 

Lauro- ,, . 

O 10 H 31 Oti 

83 

4*9 

4*8 

n -Trideco- ,, . 

.... CooH^ON 

85 

4*8 

4*6 

Myristo- „ .... 

.... c 21 h 36 on 

88 

4*5 

4*4 

Stearo- „ . 

. o 25 h„on 

97 

3*8 

3*8 

n-Butyro-3-naphthylarnide... 

. c m h 16 on 

. C l5 H 17 ON 

. c 16 h I9 on 

125 

6*8 

6*6 

n-Valero- „ 

112 

6*2 

6*2 

w-Hexo- ■ „■ ' 

107 

5*6 

5*8 

w-Hepto- „ 

. G 17 H. 21 ON 

101 

5*7 

5*5 

n-Octo- „ ... 

.. C^H^ON 

103 

53 

■ 5.2 

n-Nono- ' ' „ , . ■ ... 

. c 18 h. 25 on 

103 

5*1 

4*9 

W-D©CO- ' 

. O 20 Btj 7 ON 

104 

4*8 

4*7 

Lauro- ,, 

..... CaHaON 

106 

,4*4 

4*4 

n-Trideeo- „ 

..... C-^ON 

107 

4*1 

4*2 

Myristo- „ 

. c 24 h m on 

108 

4*1 

4-0 

Stearo- „ 

. WN 

112 

3*3 

3*4 
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Table YI (continued). 


Compound. 

Formula. 

M. p. 

Found, 

per 

cent. 

Calc. 

per 

cent. 

ji-Butyro-p-bromoanilide. 

C ao H,»ONBr 

115° 

Br=33*4 

33*1 

n-Valero- ,, . 

CnHLONBr 

108 

31-3 

31*3 

n-Hcxo- ,, . 

C,..H 1(; ONBr 

105 

30-0 

29*6 

n-Hepto- „ . 

CjiH lg ONBr 

98 

28*0 

28*1 

n-Octo- ,, . 

O^HnoONBr 

103 

26*8 

26*9 

n- Nono- ., . 

C ia H2,ONBr 

100 

26-0 

25*7 

/f-Dec-o- ,, . 

C 1() Hr.ONBr 

102 

24 6 

24*6 

71 -Undeeo- < „ .■ 

C 17 H', 6 ONBr 

102 

23-7 

23*7 

Lauro- ,. . 

C 18 H.; 3 ONBr 

104 

22*3 

22*6 

Mvristo- ,, .. 

C, 0 H;.ONBr 

107 

20*8 

20*9 

Pahnifco- „ 

c.;n:; 8 oNBr 

110 

19*8 

19*5 

Stearo- ,, ... 

C“H 40 ON.Br 

114 

18-4 

18*3 

Propio-o-bromo-p-toluidide ...... 

C 1() Hj.,ONBr 

111 

33*4 

33*1 

n-Batyro- „ ..... 

C^HhONBr 

90 

30*9 

31*3 

»-Valero- „ . 

C,JI 16 ONBr 

100 

29*5 

•29*0 

vi-Hexo- i, . 

CjgH ls ONBr 

84 

28*5 

28*3. 

a-rlepto- „ . 

C 14 H 20 ONBr 

90 

26*8 

26*9 

«.-Oeto- ,, . 

C 15 HhONBr 

78 

25*5 

25*7 

rc-Nono- „ . 

C JK HljONBr 

86 

24*7 

24*6 

n-Deco- „ ...... 

C 17 H„ 6 ONBr 

82 

23*7 

23*7 

n-Undeco- „ ' . 

C ls Ho" 8 ONBr 

91 

22*3, 

22*6 

Lauro- ,, . ... 

C 10 H;,ONBr 

85 

21*3 

21*7 

w-Trideeo- „ . 

c 20 h;„onbi* 

95 

21*0 

20*9 

■Myristo-, ,, .■ . 

CoiHiiONBr 

89 

20*6 

20*3 

Stearo- }5 . 

C 25 H" 2 ONBr 

97 

17*7 

17*7 

Propio - a-bromo - /3 -naphthylamide 

C] 3 H 12 ONBr 

139 

29*0 

28*8 

•a-Butyro- „ 

C a4 H 14 ONBr 

139 

27*3 

27*4 

n-Valero- „ 

C 16 H 16 ONBr 

136 

25*9 

• 26*2 

a-Kexo- „ 

C lc H J8 ONBr 

120 

25*4 

25*1 

n-Hepto- „ 

C t7 H 20 ONBr 

111 

23*9 

24*0 

w-Octo- „ 

C 18 H 32 ONBr 

104 

23*4 

23*1 

■a-Nono- 

LigH^ONBr 

103 

22*1 

22*1 

n-Leco- „ 

C 2n H 28 ONBr 

102 

21*7 

21*3 

Lauro-; „ 

O.»H 30 ONBr 

99 

19*5 

19*8 

Myristo- „ 

C„iH.. 4 ONBr 

100 

18*6 

18*5 

Stearo- „ 

C; 6 H i2 0]N T Br 

106 

16*4 

16*4 

n - Butyro - 2:4; 6 - tribromoanili.de 

CjoHioONBr-; 

179 

58*8 

58*3 

a-Hexo ' ' ■ ' „ 

C,oH 14 ONBr.. 

Cj'HjsGNBr; 

136 

56*3 

56*2 

a-Hepto- „ 

134 

54*9 

54*4 

«-Octo- • • ■ 

C 14 H 18 ONBr ;! 

131 

52*8 

52*6 

■n-Nono- ■ „ 

C 16 H„ 0 ONBr 2 

131 

51*8 

51*2 

«-Deco- „ 

CjAONBr; 

129 

49*9 

49*7 

»-Undeco- ... 

C 17 H 24 ONBr a 

129 

48*0 

48*2 

Lauro- . : „ 

C'jgILgONBrg 

126 

46*8 

46*9 

Myristo- "■■■.. . 

C.j 0 H 30 ONBr., 

124 

44*0 

44*5 

Palmito- ' 

C'^H^ONBr; 

C 24 H 3 *ONBr 3 

124 

42*1 

42*3 

Stearo- „ 

126 

40*6 

40*3 


The- problem of investigating the relationship between melting 
point and chemical composition is being extended in other direc¬ 
tions to the substituted amides of dibasic and a-subsfcituted acids. 
The mathematical interpretation suggested above is from the nature 
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of things only fragmentary and imperfect, and it has not been 
possible to suggest a reason why compounds containing the grouping 
CONH- or COO should form series so different in character from 
other series. The. Quantum Theory has not yet been extended to 
include the investigation of complex molecules, but there is no 
doubt that a knowledge of the vibration frequency (v), and the 
specific heat over a wide range of temperature, is essential for a 
complete mathematical treatment. The determination of the melt¬ 
ing points of a large group of similar -compounds is at all events a 
step in this direction. 

My thanks are due to Dr. P. A. Levene for a specimen of tri- 
decoic acid, and to the Chemical Society for a grant, which has 
partly defrayed the cost of the investigation. 

Imperial College op Science and Technology, 

South Kensington. 

[Received, September 11th, 1919.] 


0X1L— The Effect of Sea-salt on the Pressure of 
Carbon Dioxide and Alkalinity of Natural 
Waters. 

By Edmund Brydges Rudhall Pride aux. 

The total “ uncompensated base or alkali present as carbonate 
and hydrogen carbonate in sea-water has been determined by 
Sehlcasing and Dittmar and by many later investigators. The 
method used is nearly always titration with standard acid and an 
indicator of the methyl-orange class, and is subject to- the errors 
of such titrations. The results, expressed in milli-equivalents per 
litre, are 2 ‘48 (Schloesing) and 2; 41 (Dittmar). Moore, Herdman, 
and the author found values ranging from 2’36 to 2*50 (extreme 
values), average 2’44, in the water of the Irish sea from November, 
1912, to July, 1913 (Herdman, “Report on the Lancashire Sea- 
.Fisheries Scientific Investigations for 1914,'’ Trans. Biol . Soc. 
Liverpool, 1915, 29). 

Fox {Trans. Faraday Soc., 1909, 5 , 68), by boiling with excess 
of standard hydrochloric acid and titrating with standard sodium 
hydroxide and phenolphthalein, found the equivalent of 40 milli¬ 
grams of hydroxylion on the average, or 2*35 milli-equivalents. 
The author, in June, 1913, using the same method, found 2‘30. 

VOL. OXV. 3 A 
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The iotal carbonic acid may be obtained by boiling with. an. 
excess of sulphuric acid in. a current of air and absorbing the 
carbon dioxide in standard barium hydroxide solution. In nearly 
all cases, however, the alkali of the carbonate and hydrogen 
carbonate, and hence the total carbon dioxide, has been obtained 
from the titrations with phenolphthalein and methyl-orange, the 
difference between these (in equivalents) being numerically equal 
to the number of molecules of carbonic acid present. The amount 
of water taken in the work referred to above is 100 c.c., to which 
five drops of 0*1 per cent, phenolphthalein are added, and the 
acid (77/100- or 77/50-hydrochloric acid) is run in until the colour 
completely disappears. Then five drops of 0*1 per cent, dim ethyl- 
aminoazobenzene or methyl-orange are added, and tlx© titration is 
continued to a decided reddish-orange. With regard to the 
phenolphthalein titration, it may be remarked that in fresh water 
27/10- down to 77/ 1000-hydrogen carbonate solutions are still 
slightly alkaline to phenolphthalein (p H =84 to 8*2), and the 
titration should therefore be continued until a weak colour 
remains. In the case of sea-water, however, the p B by extrapola¬ 
tion of the values given later and by direct measurement (see 
below) is 7*6. This, owing to the presence of salt, will appear to 
have a p B of about 7*8. Consequently, the titration should be 
continued until the solution is quite colourless. The methyl- 
orange titrations in dilute solutions, and especially in such as 
contain salt, are likely to be high. . This was verified in the 
standard carbonate solutions and neutral sea-water, and it was 
found that from 1 to 2 c.c. of 77/ 100-hydrochloric acid should be 
subtracted from the titrations of 100 c.c. Thus the total alkali 
is probably 2*24 to 2*34 milli-eqmvalents per litre. Since the 
number of c.c. of 77/100-acid required in the phenolphthalein 
titration is from 1 to 3 for 100 c.c. of water, that is, 0*1 to 0*3 
milli-equivalents per litre, the value of R —equivalents of alkali 
molecules of carbonic acid is from 2*3/2*2 = 1*04 to 2*3/2*0 = 1*15. 
It may be noted that Schloesing found carbonic acid equivalent to 
98*3 milligrams of carbon dioxide and alkali equivalent to 99*3 
milligrams of S0 3 , from which R~l'12. 

The alkalinities corresponding with all stages of neutralisation 
of carbonic acid at different concentrations have already been 
expressed as general equations (Froe. Roy. Soc., 1915, [A], 91, 
535), and those which refer to the dilute solutions contain only 
the dissociation constants of carbonic acid and the water constant, 
together with the experimental quantities O =total concentration 
of carbonic acid and R the ratio of alkali to acid. From the 
curve (lac. dt.) connecting p K and R , which agrees well with the 
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experimental alkaliniti.es of hard water, etc., the following values 
have been taken in the row of calculated values; 

O. 1-00 1-08 MO M2 

0*001 ph~ 9*0 9*15 9*25 9*35 {calculated) 

0-002 p s = 8*7 8*9 8*95 8*9 (observed) 

Obviously, the alkalinities are much greater than those found 
in the case of the same carbonate solutions present in sea-water. 
It seemed desirable to check experimentally this part of the curve 
in the case of fresh water. 

Standard carbonate solutions were prepared by methods in¬ 
dependent of indicators and titrations. Some M J 10-sodium 
carbonate was made in the usual way. The factor, from the 
weight of sodium carbonate, was 1*015, by conversion into sodium 
sulphate 1*016, and by titration, using methyl-orange, 1*018. 
Some iY/10-hydrochloric acid made by dilution from a known 
standard and again analysed by conversion into silver chloride had 
a factor of 1*000. Mixtures (1), (2), (3), (4) were made from 
these by adding to 50 c.c. of the Mj 10-sodium carbonate 47*75 c.c., 
etc., of the hydrochloric acid in order to produce solutions of ratios 
1*06, etc., as above. These were kept in tightly corked flasks. 
So many c.c. were taken as contained the equivalent of 2*2 c.c. 
of 2V/ 10-alkali [for example, of mixture (1) 4 c.c.] and made up 
to 100 c.c. with distilled water free from carbon dioxide. These 
solutions were all 0*00222V with respect to alkali and 0*0021 to 
Q*0G196iY with respect to carbonic acid. Measured amounts of 
phenolphthalein were added, and the samples matched against the 
Sorensen borate-hydrochloric acid standards. The results are 
given in the third row above. The curve for (7=0*002 should fall 
slightly above that calculated for C — 0*001; actually it is slightly 
below. 

The connexion was then determined between p K and R of sea¬ 
water, in which the value of R was accurately known. The same 
standard carbonate solutions were diluted with neutral sea-water 
instead of with distilled water. 

Many experiments carried out with the view of depriving sea¬ 
water or sea-salt of its “uncompensated base” and leaving it in 
a neutral condition were not sufficiently successful to warrant the 
use of such water in investigating the effect of adding such small 
quantities of carbonates and hydrogen carbonates. An artificial 
brine was therefore made from the crystallised salts, which possessed 
the average composition, given in Clarke's “Bata of Geochemistry/’ 
but,omitting, the.potassium, salts and others present in such small 
'.'amounts that 1 they were likely to have 'a negligible effect, on the 

■ 3 A 2 
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affiaJiuities. This water was tested for .neutrality by means of 
rosolie acid, winch gave a yellow colour quite indistinguishable 
from that of a standard neutral solution having p K — 7‘07. The 
addition of 0*2 c.c. of Nf 100-hydrochloric acid and Nj 100-sodium 
hydroxide to this water (10 c.c.) produced a perceptible change of 
colour, showing that the brine contained no appreciable amount 
of hydrolysed salts or hydrion regulator. 

The solutions were then made up from the standard carbonates 
and this salt water as before. To 10 c.c. were added eight drops 
of 0*1 per cent, phenolphthalein -or six drops of 0*04 per cent, 
a-naphtholphthalein. The salt error of the former is about 0*2 
in p H , and that of the latter is the same to a sufficiently close 
approximation (Sorensen). The hydrion standards used for com¬ 
parison were (1) the borate-hydrochloric acid mixtures of 
Sorensen, (2) the partly neutralised mixture of phosphoric, acetic, 
and boric acids, which were previously found by the author (. Proc . 
Boy. Soc 1916, [A], 92, 463) to replace suitably the borate 
standards from p H = S‘3 to 8*0. The results are as follows: 

4 R= 1-06 1-08 MO M2 

* pa found. 8-1 8-3 8-35 8-3 

pa corrected for salt... 7-9 8-1 8*IS 8-1 

As in the case of the water without salt, there is practically no 
change in the alkalinities between B = 1*08 and R = 1*12. 

This was the case also both in the fresh and salt solutions having 
B — 1*16. 

Oil the average, then, p K is 8*9 in fresh water containing 
hydrogen carbonate and carbonate of these ratios and carbonic acid 
at a total concentration of about 0*002 mol., whilst it is 8*1 in 
salt water, which is identical with respect to alkali and carbonic 
acid. This effect might, of course, be referred to the less com¬ 
plete primary ionisation of the hydrogen carbonate and carbonate 
in the presence of so much salt, leading to a diminished hydrolysis. 
The experimental fact, however, in itself seems to involve bio¬ 
chemical and geochemical consequences, which will be considered 
after some results on the equilibrium with atmospheric carbon 
dioxide. 

The question whether sea-water is or is not saturated with 
atmospheric carbon dioxide has been much discussed. Fox (loc. 
cit.) has made a most useful series of observations of the actual 
pressures of carbon dioxide in equilibrium with waters of varying 
salinity. The values of hydrion were not then fully available as 
at present. Obviously there is a relation between hydrion con¬ 
tent and pressure of carbon dioxide, and, indeed, from the data 
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at present available it should be possible to calculate the latter 
from the values for hydrion, B, etc. There are still, however, 
difficulties in the way of doing this, except by empirical equations. 
Some simple experiments carried out in the spring of 1919 at 
Port Erin throw some light on this question. Pure air, taken 
from outside the laboratory, was bubbled through sea-water for 
periods varying from a few hours to twenty-four and twenty-seven. 
The value of p K found in this water was always 8T. 

Numerous blank experiments were being 'made during this 
period on the sea-water freshly drawn, and the p H values varied 
between 8-2 and 8*3. This alkalinity was preserved when, the 
water was allowed to remain motionless for a day or more in the 
laboratory. Thus, the sea-water when exposed to a current of air 
gained carbon dioxide in every case, and this although the 
alkalinity was distinctly low for the time of year, since the surface- 
water had been mixed with the lower layers and brought into 
better contact with the air by recent storms. The usual range 
in sea-water is from 7‘95 to 8" 35, but values below p H —8T are 
exceptional in the case of surface waters, although they have been 
found In the Skager Rack and off the coast of Norway. 

According to the above experiments, all waters of higher 
alkalinity than p H = 8T, that is, nearly all surface waters, will 
gain carbon dioxide from the air. The experiment was repeated 
on the artificial sea-water, which was made up with carbonates so 
that p K was 8*2. By saturation with a current of air, this was 
reduced, to 7*9 or 8*1 as measured by different standard solutions 
and indicators. Prom the measurements of the neutral sea-water 
containing known amounts of alkali and carbonic acid, it is seen 
that p> H = 8T in salt water corresponds with a ratio of about 1*08. 
and therefore any sea-water containing less than 2*2/1*08 = 2*04 
millimols. of carbonic acid to 2*2 milli-equivalents of alkali should 
gain carbon dioxide from the air. 

This result may be compared with a deduction from Pox's 
measurements of the absorption of carbon dioxide in salt waters 
of varying salinity and alkalinity. The “ physically dissolved ” 
carbon dioxide is expressed as c.c. of the gas “a v dissolved at 
different temperatures for each 0*01 per cent, of carbon dioxide in 
the air. Thus, for his highest salinity = 20 per cent, of chlorine, 
which is nearly equal to that of the artificial salt water of the 
present work, pa — 3 x 0*0875 =0*2625 c.c. per litre of water at 
f = 18° and p iX> —0*0003 atmosphere. 

The carbon dioxide combined with alkali “ b” is given for each 
milligram of alkali expressed as. hydroxyl and for each pressure 
and temperature of carbon dioxide. At 2 = 16° and p c o 3 —0*0003 
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atmosphere, b is 1*18. Taking Fox's value of the total alkali — 
40 milligrams of hydroxyl, or 2*35 milli-equivalents, the total 
carbon dioxide =0*26 + (1-18 x 40) c.c.: 

^ equivalents alkali __ 40x22*4 _ 
mols. of carbonic acid 17 x 47*46 

If the sea-water has a total alkalinity of 2*2 milli-equivalents, 
or 37*4 milligrams • of hydroxyl, R becomes 1*05. The value of 
R in equilibrium with air is not greatly affected by changes of 
temperature; thus I’ll at 16° becomes 1*09 at 12° and T115 
at 18°. 

Thus the direct experimental result is confirmed that, in a water 
of total alkalinity equal to 2*2 milli-equivalents, the lowest ratio 
and the highest acidity that is normally encountered in sea-water 
is only just in equilibrium with atmospheric carbon dioxide, and 
that in all other cases the water will gain carbon dioxide. 

The surface waters of the sea gain carbon dioxide, not only 
from the air, but also by mixture with the subjacent layers in 
which low values of p K are almost invariably found, and likewise 
by the decay of plants. It is apparently only the photosynthetic 
action of seaweeds, plankton, etc., which maintains a]kabilities 
of more than 8*1 in the surface waters. There is no known in¬ 
organic chemical agency which is capable of doing this. At the 
same time, since the pressure of carbon dioxide in the sea becomes 
greater than that in the atmosphere at alkalinities below p H = 8*l. 
the alkalinity of surface waters cannot fall much below this point. 

The alkalinity of bicarbonated fresh waters is also kept at about 
P h = 8, but by a different chemical equilibrium. In these cases, 
the ratio R, as defined above, is 1*00, and this, from the curve 
already quoted, corresponds with p H = 8*2. Solutions which have 
the higher ratios found in sea-water, namely, 1*06 to 1*16, and 
contain quite an appreciable amount of carbonate, could not long 
exist in fresh water; they give a strong pink colour with phenol- 
phthalein, as already determined, and would rapidly gain carbon 
dioxide from the air, and probably also in many cases deposit 
calcium carbonate or basic magnesium carbonates. The converse 
effect is best seen by noting the probable course of events when a 
fresh water of temporary hardness 11, consisting of hydrogen 
carbonates having the same total alkali concentration as the sea, 
becomes mixed with it. The static acidity would be greatly raised ; 
thus, if the salt could be added to the original hydrogen carbonate. 
p H would fall to 7*6. This was found by an experiment in which 
the calculated quantities of the standard carbonate and hydro- 
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chloric acid were added, to the neutral sea-water and the colour 
given with «~naphtholphthalein was matched against a “ mixed 
acid” alkali standard. By .the mixture of equal volumes,of the 
fresh water and sea-water, the alkalinity would assume an inter¬ 
mediate value, and one lower than that in normal surface waters, 
whilst the pressure of carbon dipxide would be correspondingly 
high, and carbon dioxide must be given up to the air or to other 
large quantities of water until E rises again to 1"05. It is quite 
possible that the higher acidities and pressures of carbon dioxide 
which have been observed everywhere below the surface are due 
mainly to this cause—the continued addition of bicarbonate waters 
—without any adequate opportunity of yielding up the excess of 
carbon dioxide from such immense masses of water. It may also 
be noted that were it not for the effect of salt in raising to such 
a high degree the acidity and pressure of carbon dioxide which 
correspond with a given proportion of alkali and carbon dioxide, 
the sea would contain much more carbon dioxide than it actually 
does. Thus, if it consisted of a dilute hydrogen carbonate solu¬ 
tion, such as a hard water in equilibrium with the air, it would 
contain about 5*5 per cent, more carbon dioxide combined with 
the same quantity of alkali. Since the total carbon dioxide is 
about 50 c.c. per litre, every cubic metre of sea-water would con¬ 
tain 2*25 litres of carbon dioxide more than at present. The 
relative availability for plant life of the carbon dioxide in fresh 
and salt waters is a different question. As shown by Moore and 
his collaborators (toe. cit.), the flora of the sea can use the carbon 
dioxide of the hydrogen carbonate to a certain limit which 
approximately corresponds with the production of carbonate. 
Now, owing to the effect of the salt, sea-water in equilibrium with 
the air already has a ratio of 1*04 to 1*06; there is some carbonate 
present. The alkali present in fresh water in equilibrium with 
the air, and of almost the same alkalinity, is practically all as 
hydrogen carbonate. Therefore, in the fresit water of the same 
total alkalinity, for example, 2*2 milH-equivalents per litre, there 
is more carbon dioxide available before the carbonate point is 
reached. On the other hand, far more carbon dioxide can fee 
abstracted from sea-water without an excessive rise of alkalinity. 

A sea-water of original ratio = 1*06 can, by abstraction 

of carbon dioxide, have E changed to 1*16 : losing 8;7 

per cent, of the original carbon dioxide, and still only have an 
alkalinity corresponding with p H =8*35. ■' A fresh . water of . original. 
ratio — 1*00 can have this changed to E~ 1*06 by losing 5*5 per 
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cent, of the original carbon dioxide, but this changes the alkalinity 
to the high value corresponding with p H = 8*7. 

The author desires to make grateful acknowledgment of the 
assistance given by the Percy Sladen Memorial Trust towards this 
research. 

Marine Biological Station, University College, 

Port Erin, Isle or Man. Nottingham;. 

[Received, July 22nd, 1919.] 


CXIII .—The Rate of Hydrolysis of Methyl Acetate 
by Hydrochloric Acid in Water-Acetone Mixtures. 

By George Joseph Burrows. 

In a previous paper (T., 1914, 105, 1260) the author recorded 
some experiments on the inversion of sucrose by acids in water- 
ethyl alcohol mixtures. It was there found that the rate of 
inversion at first decreased slightly as water was replaced by 
alcohol up to about 50 per cent, of alcohol, and then increased. 
It was concluded from the results that the catalytic activity of 
the acid was really greater in alcohol than in water, and that the 
addition of water had a depressing effect on the rate of hydrolysis. 
At the same time, the author was unable to explain the decrease 
in the rate of inversion which results from the replacement of 
water by alcohol up to 50 per cent, mixtures without assuming 
that the mixed solvents had some specific effect on the rate of 
reaction, and it was there suggested that this was due to a change 
in the fluidity of such mixtures, causing a variation in the rate 
of catalysis similar to that observed in conductivity. 

In obtaining the results in that work, the reaction was treated 
as a imimolecular one, the concentration of the water being 
neglected. This assumption was made in view of the fact that 
even in a solution containing 75 per cent, of alcohol by volume the 
ratio of the number of molecules of water to molecules of sugar 
present at the commencement of the reaction was 45, so that the 
decrease in concentration of the water during the reaction was 
only 1/45 of its original value.-’ . In a 50 per. cent, alcohol mixture 
the ratio was 91. Under these conditions, it was considered that 
the concentration of the water could be omitted from the equation 
and the reaction considered as imimolecular. 
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If, however, the concentration of the water is considered, the 
value of k v calculated from the bimolecular equation 


*1 


J ___■ 

t(iv - b) 


w{b - x) 


(where h and w are the number of gram-molecules of sugar and 
water respectively in the solution at the beginning of the reaction), 
is, of course, much smaller than the corresponding value of k 
obtained from 


k = 


b 

b-x 


In this case, the total concentration of water is considered to 
represent its mass as one of the active substances, irrespective of 
the fact that it is present in large excess and only a small fraction 
of the total concentration is used up during the reaction. 

The difference between the values of k and k x is shown in the 
following table: 


Sucr.ose (10 per cent.) and N/ 2-Hpdrochloric Acid at 25*0°. 


Alcohol 
(volume 
per cent.). 

Is. 

K 

0*0 

0*00219 

0*0000427 

16*7 

0*00213 

0*0000491 

25*0 

0*00204 

0*0000519 

40*0 

0*00192 

0-0000607 

50*0 

0-00176 

0-0000667 

60*0 

0*00185 

0*0000877 

75*0 

0*00208 

0-0001603 


It will be seen that whereas the values of k pass through a 
minimum for a certain mixture, the values of k x steadily increase. 

It appeared of interest to see if similar results would be 
obtained in the case of ester hydrolysis, and with this end in view 
experiments have since been performed on the rate of hydrolysis 
of methyl acetate by hydrochloric acid. Owing to its effect on 
the equilibrium, alcohol could not be used as one of the solvents 
in this research, so that the experiments were performed in mix¬ 
tures of acetone and water. Acetone undergoes change under 
the influence of the acid used in the hydrolysis, but it has been 
assumed that this has no effect on the rate of hydrolysis of the 
methyl acetate. 

The acetone used in these experiments was dried over and dis¬ 
tilled from calcium, chloride. The methyl acetate was freed from 
acetic acid by means of sodium carbonate and was distilled from 
calcium chloride; it was neutral to' litmus. The volume of the 

3 A* 
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solution was adjusted at the temperature of the experiment, which 
was 25° in every case. The acetone percentages given are by 
volume; thus 70 per cent, acetone was prepared by mixing seven 
volumes of acetone with three of water. In preparing a 5 per cent, 
solution of methyl acetate for hydrolysis by if/2-hydrochloric acid 
in 70 per cent, acetone, the following method was adopted: 10 c.c. 
of methyl acetate were diluted to 100 c.c. at 25° with 70 per cent, 
acetone (d), 20 c.c. of 5if-hydrochloric acid were mixed with 
46'7 c.c. of anhydrous acetone, and the mixture was diluted to 
100 c.c. at 25° with 70 per cent, acetone ( B ). Equal volumes of 
(A) and (B) were then mixed in a dry flask and placed in a 
thermostat at 25°. The weights of water and acetone, used in 
preparing the solutions were also determined, so that all concen¬ 
trations can be expressed in terms of gram-molecular weights. 
The reaction was followed in the usual way by titrating 5 c.c. of 
the solution under investigation with baryta solution after 
different intervals of time, the increase in titre indicating the 
concentration of the acetic acid produced. At first the reaction 
was treated as unimolecular, and the values of k were calculated 
from the equation 

k = 1 _ ihn + 2wa? ( i ~ l ) (i) 

t J&bn + i *lbn-2nx(jUn+\ + lj 

dx 

obtained by integrating = k(b —x)-~ k z aP. 


In this equation n- 




where £ represents the amount of 


ester which actually undergoes hydrolysis up to the equilibrium, 
h is the initial concentration of ester, and a? the amount hydrolysed 
in time t. It was found that the above equation gave values of 
k which were quite constant for any particular solution. How¬ 
ever, in the case of a series of experiments in different water- 
acetone mixtures, it was found that as the water was replaced by 
acetone the value of k at first decreased and then increased. 

Owing to the relatively small concentration of water in solu¬ 
tions containing a high percentage of acetone, it was then decided 
to calculate all results also from the equation for a bimolecular 
reaction. The equation used was that given by Griffith and Lewis 
(T., 1916, 109, 69), 


\ _•■■■! i^ + y+2(K-l)x A-y 
% ~ M^A-y-ZiX^'ATy 

obtained by integrating ~ — k x (b - x)(to -x) - k$?. 


(2) 
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where 

A-:,—rat© of hydrolysis, 
k z == rate of esterification, 

b — initial number of gram-molecules of methyl acetate in 
1000 c.c. of solution, 

tv — initial number of gram-molecules of water, 
x =number of molecules of ester decomposed in time t. 

In equation (2), 

y ~ {id + b) 

A — s/ (id + 6) 2 + 4l(K - 1 )wb 
and K = » 9*4* * at equilibrium. 

^ieetlc acid X O a!oollo i 

The values of both, k and k x obtained in any solution were found 
to be constant. This is seen in tables I and II, which contain 
the results for the hydrolysis of 5 per cent, methyl acetate by 
iV~/2-hydrochloric acid in 80 and 90 per cent, acetone (by volume) 
respectively. 

Table I. 

80 Per cent. Acetone, 
b =0-6267; w = 10*20; jST=5T4. 


t. 

X. 

AaXiO 5 . 

&xio*. 

0 




48-5 

0*0506 

7*41 

7*51 

78-5 

0*0819 

7*44 

7*79 

111 

0*1095 

7*43 

7*56 

138 

0*1314 

7*34 

7*44 

168 

0*1675 

7*44 

7*55 

228 

0*1992 

7*32 

7*40 

258 

0*2200 

7*36 

7*43 

318 

0*2592 

7*47 

7*52 

401 

0*2983 

7*31 

7*35 

a 

0*4963 

Mean ., 

.. 7*40 

Mean 7*51 


Table II. 

90 Per cent. Acetone. 

b =0-6267j w=4-752; Z = 8‘97. 


t. 

■' x ‘ 

ifcjXlO 5 . 

kx. 10* 

0 




50 

0*0636 

19*77 

9-35 

85 

0*0991 

18*95 

8-91 

10 

0*1262 

19*35 

9*08 

140 

0*1523 

19*12 

8*94 

206 

0*2018 

18*91 

8*80 

263 

0*2435 

19*80 

9*18 

324 

0*2695 

19*34 

8*94 

400 

0*2957 

19*16 

8-82 

484 

0*3192 

19-63 

9*00 

a 

0*3608 

Mean ... 

. 19-56 Mean 

9-00 
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In table I'll ia given a summary of results obtained for'the 
hydrolysis of 5 per cent, methyl acetate by N }2 -hydrochloric acid 
in different water-acetone mixtures. The value of b is 0'6267 in 
each case. The value of K was determined by ascertaining at 
the completion of the reaction the amount of acetic acid produced 
and then calculating the equilibrium constant. It was found that 
the numbers so obtained varied with the different solutions. This 
method of determining the conditions at equilibrium by analysing 
the solution actually used for the rate of hydrolysis is undoubtedly 
open to error, as a small amount of the volatile substances must 
escape each time the flask is opened to determine the concentra¬ 
tion of acetic acid at each particular time. The amount lost in 
this way during a complete experiment would probably be sufficient 
to introduce an error into the value of G (acetic acid), and this 
might lead to quite a large error in the value of E. The varia¬ 
tions in K are possibly due to a small error in the values of the 
concentrations of acetic acid found for the various solutions. At 
the same time, it has been found that a comparatively large differ¬ 
ence in K produces only a small difference in the value of k v 
Thus the mean value of h x for a solution containing 90 per cent, 
of acetone is found to be 19'56 when K = 8*97 and 18*7 when E 
is taken as 5, the approximate value found in the other solutions. 

In the latter case, however, the numbers obtained for k 1 decrease 
regularly, whereas if the experimental values of K are taken there 
is no such decrease. For this reason, it has been decided to employ 
the values of E actually found, although it is realised that the 
variation in its value for the different solutions may be due, in 
part at least, to the method of determination. 

In the following table, the values under k are calculated from 
equation (I), those under k x from equation (2). 

Table III. 

Methyl Acetate (5 per cent.) and N jZ-ffydrochlonc -Avid. 


Acetone Gram-molecules 

(volume of acetone 


per cent.). 

per litre. 

V). 

K. 

X 10 E . 

&X 10 * 

0 

0 " 

52-32 

5-40 

■2-76 

13-58 

20 

2-665 

42-46 

5-10 

3-03 

12-28 

40 

5-39 

32-08 

4-38 

3-38 

10-33 

60 

S -10 

21-23 

4-47 

3*86 

7-91 

70 

. 9.42 

15-72 

4*51 

4-56 

7*05 

80 

10-66 

10-20 

5-14 

7-40 

7-51 

90 

11-84 

4-762 

8-97 

19-56 

9-00 


It will be seen that the value of k x increases regularly as water 
is replaced by acetone as solvent. The values in the sixth column 
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under h, however, at first decrease as water is replaced by acetone 
and then increase. _ 

A similar result was obtained for the hydrolysis of 2T) per cent, 
methyl acetate by N/ 10-hydrochloric acid. Owing to the small 
amount of methyl acetate actually present at equilibrium, the 
value taken for K for each of the solutions in this series was the 
value found in the corresponding solution with 5 per cent, methyl 
acetate and jV/2-hydrochioric acid. 


Table IV. 

'Methyl Acetate (2*5 per cent.) and IN' jIQ-Hydrochloric Acid. 
In all cases, 5—0*3133 gram-molecules per litre. 


Acetone. 
Per cent. 

Gram,-molecules 
of acetone. 

w. 

/i 3 x 30®. 

h X 10*. 

0 

0 

54*00 

4*78 

2*60 

20 

2*73 

43*97 

5*40 

2*39 

40 

5*53 

33*44 

5*76 

1*90 

60 

8*31 

22*26 

6*40 

1*42 

70 

9*68 

16*62 

7*42 

1*22 

80 

10*96 

10*95 

10*23 

M3 

90 

12*19 

5*351 

23*60 

1*26 


Discussion of Results. 

If the values of Aq given in tables III and IV are plotted against 
water concentrations, they are found to lie on a rectangular hyper¬ 
bola. In the accompanying diagram, a graph is also shown for 
the results obtained tor sucrose inversion given under Aq in the 
table at the beginning of this paper. It will be seen that the 
three curves are similar in shape and indicate the decrease in 
catalytic activity of the acid which accompanies an increase in the 
water concentration. 

Snethlage ( Zeitsch . physikal. Ghem., 1913, 85, 253), Acree 
( Amer. Chem. J., 1912, 48, 352), and Taylor (Zeitsch. Elektro- 
chem., 1914, 20, 201) have advanced the theory that the undis¬ 
sociated molecule of the acid also acts as a catalyst, the activity 
of the undissociated molecule of hydrochloric acid varying for 
different reactions up to a value twice that of the hydrogen ion. 
In order to account for the present results according to this theory, 

jc 

it would be necessary to assume that ~ is about 20 (A* m being the 

activity of the undissociated molecule and & B . that of the hydrogen 
ion). Figures are not available for the degree of dissociation of 
hydrochloric acid in water-acetone mixtures, but in discussing the 
results obtained for the inversion of sucrose ( loc . cit.), the author 
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gave values of a (HC1) deduced for water-alcohol mixtures. In 
the following table, the values observed for h x for sucrose inversion 



(а) Inversion of sucrose in water-alcohol . 

(б) Hydnlyris of methyl acetate <tf/10JICl) mtm ^_ water 


(calculated as a bimolecular reaction) are compared with the total 
catalytic activity of the acid expressed as 

Jc m + + 20(1 ~ a)\ 

the ratio — being taken as 20. 
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Table Y. 


Alcohol 
(volume 
per cent.). 

a (Ha). 

[a+20(l~a)]. 

\ x 10 s . 

k, x 10 6 
[ct -j- 20( 1—® jfj. 

0 

0-86 

3-66 

4-27 

1*17 

25 

0-83 

4-23 

5*19 

1*23 

40 

0-80 

4-80 

6*07 

1*26 

50 

0*72 

6-32 

6*67 

1*06 

60 

0-65 

7-65 

8*77 

1*15 

75 

0-45 

11*45 

16*03 

Ml 


The numbers in the fifth column approximate to a constant. 
Although results cannot be calculated in this way for the hydro¬ 
lysis of methyl acetate in water-acetone mixtures owing to lack 
of data, it is considered from the results obtained for k 1 in these 
solutions that if the value of a (HC1) were available, a similar 
Tc 

constancy for --^-- would be obtained for a value of x in 

J a + z(l—a) 

the neighbourhood of 20. 

It follows from the above that the activity of the catalyst in 
these mixtures can best be expressed by k 1 = k m + k n , when the 
k 

ratio is considered to be about 20, but this value is not 

K * 

supported by results obtained by Snethlage and others for the 
catalytic effect of hydrochloric acid in other reactions. 

The shape of the curves in the diagram suggests that in the 
mixtures investigated the variation of the activity of the acid with 
the water content is approximately expressed by k-^w + m) —n, 
where m and n are constants and Jc x the observed rate of hydro¬ 
lysis in a solution containing w gram-molecules of water. An 
equation of this type is capable of various interpretations, but 
taken in conjunction with the marked decrease in with increase 
in water concentration for low values of the latter, it indicates 
that the water plays a very markedly anticatalytic role compared 
with the other constituents of the solution, that is, the value of 
the constant m must be very small compared with w. This may 
be interpreted (compare Lapworth and Fitzgerald, T., 1908, 93. 
2168) as being due to the conversion of active, free hydrogen ions 
to inactive ions by the solvent, the effect of the water in this 
respect being far greater than that of the acetone. Or it may b© 
interpreted as indicating that the reactive substance in ester 
hydrolysis is a complex between the ester and water, which is 
readily: dissociated by .the,.excess' of water in' the -solution-(GrifA 
fiths and Lewis, loc. cit.).; It may also "be., interpreted-.' as, ''.repr©-.- 
. senting. the dissociating effect of the solvent on a complex between 
the ester and the catalyst, which is considered to be the reactive 
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substance. Such a complex may either be dissociated by the 
solvent into the original substances or else hydrolysed by the water 
into the final products of hydrolysis. For the concentrations 
usually employed in hydrolysis the amount of this complex is very 
small owing to the high dissociating power of the water. As the 
latter is replaced by acetone or other liquid the dissociating power 
of the medium is decreased and the concentration of the complex 
is increased, so that the observed rate of hydrolysis is also increased. 
In any of the above cases it is possible to assign a small value to 
the term to, which really represents the relatively small power of 
the other constituents of the solution of converting an active sub¬ 
stance into one which is inactive in catalysis. The following discus¬ 
sion is independent of the nature of to; it is concerned rather with 
its magnitude. We will assume that it is simply a function of the 
concentration of the other variable in the solution, namely, ace¬ 
tone. If we substitute in the equation k^w 4 - to) = n the values of 
7<q and w in table III for solutions containing (a) 52*32 gram-mole¬ 
cules of water and no acetone, and (b) 4*752 gram-molecules of 
water and 11*84 of acetone, we obtain the value to = 0*22 (in terms 
of 1 gram-molecule of acetone in the solution). Substituting this 
value for the other solutions, the following results are obtained. 

* Table YI. 


n— 


Acetone. 

Acetone x 0-22 

w. 

Jc x x 10 s . 

f **522 x acetone). 

0-0 

' _i. 

52-32 

2-76 

144 

2-665 

0-59 

42-46 

3-03 

130 

5-39 

1-19 

32-08 

3-38 

112 

8-10 

1-78 

21-23 

3-86 

89 

9-42 

2-07 

15-72 

4*56 

81 

10*66 

2-35 

10-20 

7-40 

93 

11-84 

2*60 

4-752 

19*56 

144 


The numbers in the last column pass through a minimum value, 
and vary in a similar manner to the values under k in table III. 
Furthermore, for any small value of to in the equation /q(w + 
m)~n, the values of n will be found to vary as in table YI. The 
similarity between the variations of k in table III and n in 
table YI appears to justify the use of the equation for a unimole- 
cular reaction in mixtures such as those used in this work, in 
which the total concentration of water varies considerably in the 
different solutions. It would appear that any specific effect of the 
solvent on the rate of hydrolysis, other than that due to its disso¬ 
ciating power, is more directly shown by disregarding the change 
in the concentration of the water in the different solutions. It is 
considered that the minimum value obtained for k (or n) has a 
definite meaning. It is interpreted as indicating a specific influ¬ 
ence of these mixtures on the rate of catalysis, similar to that 
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observed in the conductivity of certain electrolytes dissolved in 
them, or in the fluidity of the mixtures themselves. The solution 
of either alcohol or acetone in water is accompanied by contrac¬ 
tion, and it is considered that the condensed state of such a 
mixture has a retarding influence on catalysis. 

Summary. 

The rates of hydrolysis of methyl acetate by Nj 2- and Nj 10- 
hydrochloric acid have been measured in various water-acetone 
mixtures. The velocity constants have been calculated according 
to both unimolecular and bimolecular equations, the reverse reac¬ 
tions being considered in both cases. 

It has been found that if the total water concentration is taken 
as representing its active mass, then the rate of hydrolysis increases 
as water is decreased in the mixtures throughout the series. The 

k 

results obtained approximate to k 1 =^k m + k ii , if is taken as 

Ah' 

20 (approximately). The variation of k x with water concentration 
indicates the anticatalytic function of the latter, and if the values 
of Zq are corrected for this effect the numbers so obtained are found 
to vary in a manner similar to those obtained by using the ordinary 
unimolecular equation, and pass through a minimum value for a 
certain mixture. This minimum is considered to have a definite 
meaning, representing a retarding influence of such mixtures on 
catalytic reactions. 

Chemical Laboratory, , ' 

University or Sydney. [Received, August 23rd, 1939.] 


OX IV .—The Velocities of Combination of Sodium 

Derivatives of Phenols with Olefine Oxides . 
Part II. 

By David Bunciman Boyd and Miss Doitis Beutham Thomas. 

A previous communication (Boyd and Marie, T., 1914, 105, 
2117) contained an account of experiments on the combination of 
ethylene and propylene oxides with the sodium derivatives of a 
variety of phenols. The nature of the reaction investigated is 
indicated by the equation 
prx 

V " s >0 + C e H,-0Na + ®C 6 H s -0H = 

+;c.H,-ONa+*-lC,H s -OH. 
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From tie results of ties© experiments, tie conclusion was drawn 
that combination probably, in tie first instance, takes place 
between tie phenoxy-ion and tie olefine oxide molecule, thus: 


a>o + ,°< 


CKL-OR 
CH 2 *0' 5 


tie initial additive product afterwards reacting with tie excess 
of phenol to give a glycol aryl etier and a new phenoxy-ion, 


CHyOR 

CHyO' 


R-GH 


CHyOR 

OHg-OH 


+ R*0'. 


A comparison of tie values for tie velocity constant of the 
reaction with different phenols indicated that the speed of com¬ 
bination diminished with increase in the acidity of the phenol, 
and the suggestion was made that a certain analogy exists between 
the two reactions 


C 6 H 5 -0' + H*=C 6 H 5 -0H 

rtTT 

TOd C 6 H,-0' + Vg’>0 = O.H.-O-OH.-OH.-O'. 

In other words, where the tendency for a phenoxy-ion to change 
into undissociated phenol is great, the speed of combination of 
the phenoxy-ion with tie ethylene oxide molecule should be 
relatively high, and vice versa. Tie data available at tie time, 
however, with regard to tie relative acidities of different phenols 
were comparatively few. 

An investigation of the extent to which tie sodium derivatives 
of alkyl substituted phenols are hydrolysed in aqueous solution 
was afterwards carried out by one of us (T., 1915, 107, 1538), 
and it then became possible to consider in more detail the rela¬ 
tionship existing between the acidity of a phenol and the speed 
with which its sodium derivative combines with ethylene oxide. 
As a result, certain regularities with regard to the behaviour of 
ortho-substituted phenols- came to . light, and' it appeared desir¬ 
able to extend the observations so as to confirm, if possible, the 
generalisations which had suggested themselves.- The present 
'paper" therefore- includes experimental data- for the velocity con¬ 
stants of three' additional .alkyl .substituted- phenols, namely, 
and mesitol. In all, results for eighteen 
. .phenols ...are ; dealt .with.: The facts are summarised in the accom¬ 
panying diagram, where the velocity constants for the ethylene oxide 
reaction are plotted against the values for the percentage of hydro¬ 
lysis of idle sodium phenoxides in aqueous solution. A reference to 
this diagram will show that the velocity constants for phenol and 
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its meta- and para-substitution products lie approximately along 
a straight line, whilst the 'constants for the alkyl substituted 
phenols containing one alkyl group in an ortho-position lie. 
approximately on a second straight line which runs nearly parallel 
with the first and some distance below it. 

It appears, therefore, that whilst in general the speed of the 
ethylene oxide reaction increases approximately in proportion to 
the degree of hydrolysis of the sodium phenoxide, a retarding 
influence makes itself felt in those cases where an ortho-placed 
alkyl group is present in the phenol molecule. This retarding 
influence, it will be observed, is superimposed on the factor which 
in the main determines the speed of the reaction. It becomes 
apparent only as the result of such an analysis of the phenomena 
as is here suggested. A comparison of the actual magnitude of the 
velocity constant for phenol with that of the constant for any of 
the alkyl ortho-substituted phenols reveals no such retardation. 
Thus thymol, in the molecule of which an isopropyl radicle is 
present in the ortho-position to the hydroxyl group, has a velocity 
constant on© and a half times as great as that of phenol. Mesitol, 
with two ortho-placed methyl groups, has a constant nearly twice 
as great as that of phenol. None the less, the retarding influence 
of the ortho-placed alkyl groups is operating in both instances. The 
case of mesitol is of particular interest in this connexion. Since in 
mesitol two ortho-placed methyl groups occur, the retardation might 
be expected to be more pronounced than in cases where only one 
such group is present. A consideration of the diagram shows that 
this anticipation is fully borne out by the experimental results. 

On the other hand, the position of the o-chlorophenol constant, 
and more especially of that for 2:4:6-trichlorophenol, indicates 
that negative substituents—or at least chlorine atoms—in the 
ortho-position act in an exactly opposite way, the velocity of com¬ 
bination being accelerated by their presence; and it is noteworthy 
that just as two ortho-placed alkyl groups cause a very pronounced 
retardation of the speed, so two ortho-placed chlorine atoms have 
an accelerating effect much more powerful than that due to a 
single chlorine atom. 

Whilst it is natural to attribute to steric hindrance the retard¬ 
ing influence of the ortho-placed alkyl groups, a final decision on 
the question is not yet possible in view of the quite different effect 
produced by ortho-situated chlorine atoms. Further experimental 
evidence is also required to decide whether the accelerating 
influence of the chlorine atom should be ascribed to its residual 
affinity or to its polar quality. In the meantime, it may be 
pointed out that in the case of guaiacol, which .contains an ortho- 
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situated group of ill-defined polar character, the velocity constant 
lies some distance above the line for phenols containing ortho- 
groups of well-marked positive type. 

Experimental. 

The velocity constants for o-4-xylenol, w-6-xylenol, and mesitol 
were determined at 70'4° in 98 per cent, alcohol according to the 
method previously described (T., 1914, 105, 2117). It was found 
necessary to employ a mixture of light petroleum with ether (1:1) 
in separating glycol m-6-xylenyl ether from. unchanged m-6-xylenol, 
since this phenol is not completely extracted from an ethereal 
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solution by repeated shaking with aqueous potassium hydroxide. 
The same method had to be employed in the case of the mesityl 
ether.: 

Summary of Results. 


Percentage yield of glycol ether. b 100 

----•-—-- t 8 100- x. 


o-4-Xylenoi. 

2 hours. 

1 hour. 

Maximum. 



75-3 

51-0 

98-5 

0*3050 


75-1 

■ 

— 

— 

wt-O-Xylencl. 

2 hours. 

It hours. 

Maximum. 


74-5 

58-5 

98-9 

0*3005 

Mesitol. 

74-8 

2 hours. 

■ . . —. 

Maximum. 

. _ 


82-3 


99*0 

; 0*3745' 


81-8 



' ._ 


82-5 

■ '—- ■■■ 


_2' 
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Mycol o-tr.ylyl ether, C s H 0 'O*CH 2 <!B>OH, is a colourless oil 
boiling at 150°/18 iron. Its p -nitrohenzoatc crystallises from 
alcohol in pale yellow plates melting at 225°: 

0-1518 gave 6*5 c.c. N 3 (moist) at 23° and 762 mm. N = 4*82. 

C 17 Hi 7 O r) N requires N = 4-62 per cent 

Glycol m-xylyl ether , C 8 H 9 ‘0*CH 2 *CH 2 *0H, was obtained as a 
white solid, which, after recrystallisation from light petroleum, 
melted at 57°: 

0-1621 gave 0*4289 C0 2 and 0*1252 H 2 0. 0 = 72*16; H = S*5S. 

C 10 H 14 O 2 requires 0 = 72*23; H = 8*51 per cent. 

Glycol mesityl ether, C 9 H n *0*CH 2 *CH 2 *0H, separates from 
light petroleum in glistening, white crystals which melt at 60°: 

0-1556 gave 0*4196 C0 3 and 0*1263 H 2 0. 0 = 73*54; H = 9*02. 

C u H 16 0 3 requires C = 73*25; H = 8*97 per cent. 

The University College 

or Southampton. { Received , July 23 rd , 1919.] 


CXV .—Molecular Refractivity of Cinnamic Acid 
Derivatives. 

By Eric Walker and Thomas Campbell James. 

The work of previous investigators has shown that the molecular 
refractivity of organic compounds is affected to a slight extent by 
constitutive influences within the molecule. In this investigation 
we have determined the amount of variation produced by change 
of constitution in a series of closely allied derivatives of cinnamic 
acid, and the results are tabulated below: 



[ML. Difference. 

[M] n . Difference. 

a-Chlorocinaamie acid ......... 

50-24 

■ —' 

50-96 • 

. — 

K-Chloroalfoeinnamie acid. 

49-00 

1-24 

49-59 

1-37 

Ethyl a-chlorocinnamate .. 

58-33 

— 

58-98 

— 

Ethyl a-chloroaKocinnamate... 

57-61 

0-72 

5819 

0-79 

a-Bromocmnamic acid .. 

52-90 

■-r- 

53-52 


a-BromoaZZocimiamic acid. 

52-34 

0-56 

53-06 

0*46 

Ethyl a-bromocinnamate . 

60-85- 

— 

61-51 

0-37 

Ethyl a-bromoaZZocirmamate... 

60-54 

0-31 

61-14 

j8-Bromoeinnamic acid .. 

51-98 

■ 

52-61 

—■ 

S-BromoalZociimamic acid 

51-53 

0-45 

52-10 . 

0*51 

Dibrcmocinnarnic acid ......... 

58-94 

-i_ ■'' 

59-64 


DibromoaZfocinhamic acid ... 

• ■ 

-— ■■ 

— . ■ ■ 

„ ■ 

Ally! a-chlorociimamate......... 

62-13 

-— 

62-82 

—' 

Ally!a-ehloroaZfocinnamate ■... 

60-52 

1-61 

61-08 

.1*74 
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An examination of the above figures confirms BriihTs observa¬ 
tion that the more stable isomeride has the higher molecular 
refractivity, and shows also that, in the a-substituted compounds, 
the difference decreases with increase of molecular weight. It is 
also seen, from a consideration of the bromo-acids, that the a-sub- 
stituted acid has a greater refractive power than the /^-substituted 
acid. 

Experimental. 

(a) Refractivity Measurements. 

Materials. —The acids and esters used in this investigation were 
all specially prepared, and the greatest care was taken to use only 
highly purified specimens for refractivity measurements. Details 
of new preparations are given at the end of the paper. 

The solvent used for the acids was ethyl alcohol, rendered abso¬ 
lute by distilling the 99*8 per cent, commercial product over lime 
and afterwards over metallic calcium. 

Apparatus and Method.— The solutions of the acids were made 
up by direct weighing to determine their percentage composition. 
In all cases, approximately 5 per cent, solutions were employed. 
The esters were all liquids and were determined directly. 

Densities were determined by means of a Sprengel-Ostwald 
pyknometer of about 5 c.c. capacity. The pyknometer was 
suspended in a thermostat kept at 25° (±0*05°) for about fifteen 
minutes. The following formula was used: 

™ __ WD 0*0012 (W-W) 

e ~w ~ w . ' 8 

where d'f = density of solution at 25°, referred to water at 4°, 

IF 7 =weight of solution filling pyknometer, 

IF™weight of water filling pyknometer, 

D = density of water at 25° (0*997073). 

. Refractive indices were measured by means of a form of Pulfrich 
... refractometer, furnished with an ordinary . thermostat. The 
-.. .temperature of the liquid in the cell could be maintained .at 25° 
(±0"G5°) for a considerable time. 

The refractive index of each liquid was measured for the G and 
, ■ lines,- 

The zero error of the refractometer amounted to +1 / J and all 
readings were corrected for this. The temperature correction., 
amounted to about one unit in the fifth place of decimals in the 
refractive index, and could therefor© be neglected..' 

The refractive index of the alcohol: used as, solvent' was deter- ■ 
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mined several times during the course of the work. The following 
values were obtained: 

» 0 = 1*35787, 1*35784, 1*35774. 
n T> = 1*35967, 1*35967, 1*35954. 

The specific refractivity, r, of the solute was calculated by the 
formula 

r ^ 1 f - 1 1 1001 _ [ K-l 1 100-ff l 

L»* + 2* d' p J \ji% + 2 ’ d a ’ jo J’ 

where n and d are refractive index and density of the solution at 
25°, n a and d a are the corresponding quantities for alcohol at 25°, 
and p is the percentage composition by weight of solution. 

For the pure esters the formula 

r - ? il=i . I 
n z + 2 d 

was employed. 

In the tables which follow, p and d have the same significance 
as above, n c and -n D denote the indices of refraction for the G and 
D lines respectively, r c and r D refer to the specific refractions, and 
[M] c and [M] D to the molecular refractions for these lines. In 
the column headed “ solution,” the number refers to the specimen 
of substance used, whilst the letters denote the various solutions 
made up from the same specimen. 


Table I. 

a-Bromocinnamic Acid. 

Constants for alcohol: <£=0*7851; =1*35787; •n D = 1*35967. 

Solution, p. d. ?t*.. n D . r c . r t> . [M],.. [M]». 


la .. 5-041 0-8069 1-36552 1-36742 0-2332 0-2351 52-94 53-37 

2a .. 5-192 0-8076 1-36580 1-36780 0-2332 0-2364 52-94 53-66 

26 . 4*677 0-8053 1-36493 1-36691 0-2327 0-2358 52-83 53*53 


Means ... 52-90 53-52 

S 

Table II. 

a-BromoaMocinnamic A cid. 

Constants for alcohol as in table I. 


la . 5-330 0-8077 1-36556 1*36757 0-2310 0-2342 52-43 53-16 

16 . 4-824 0*8056 1-36483 1-36681 0*2304 0-2338 52*30 63-07 

lo . 5*248 0-8075 1-36547 1-36747 0-2304 0-2333 52*30 52-96 
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Table III. 

a-Chlorocinnamic .1 rid. 


Constants for alcohol as in table I. 


Solution. 

p. 

d. 

n,-. 

n u . 

r,.. 

r„. 

[M]„ 

[M] P . 

la . 

5-190 

0-8034 

1-36686 

1-36893 

0-2754 

0-2795 

50-26 

51-01 

16 . 

4-9S4 

0-8026 

1-36645 

1-36851 

0-2751 

0-2793 

50-20 

50-97 

1c ......... 

5-130 

0-S031 

1-36673 

1-36879 

0-2755 

0-2796 

50-2 S 

51-03 

2a .. 

5-469 

0-8042 

1-36724 

1-36930 

0*2751 

0-2785 

50-21 

50-83 






Means ... 

50-24 

50-96 


Table IV. 

a- Oh loro&Wadn n a mi c A rid. 

Constants for alcohol: f/ = 0*7S51; n c = 1*35774; « r) = 1‘35954. 


la . 5-008 0-8021 1-36560 1-36758 0-2685 0-2716 49-00 49-57 

16 .. 5-051 0*8024 1-36570 1-36767 0-26S1 0-2711 48-93 49-48 

2a . 5-206 0-8024 1-36576 1-36776 0-2689 0-2725 49-07 49-73 


Means ... 49-00 49-59 

Table V. 

j8 -Bromdrinnamic Arid. 

Constants for alcohol as in table IV. 


la .. 4-877 0-8062 1-36489 1-36681 0-2296 0-2317 52-12 52*60 

2a . 4-512 0-8045 1-36426 1-36623 0-2284 0-2318 51-85 52-62 


Means ... 51-98 52-61 

Table VI. 

B-B/’ornoallocmnamic Acid. 

Constants for alcohol as in table TV 
la .. 5-044 0-8061 1-36454 1-36649 0*2270 0-2295 51-53 52-10 

Table VII. 

Dibromodnnamic Arid. 

Const ants f or alcohol as in table TV. 
la . 5-205 0-8107 1-36412 1*36603 0-1926 0-1949 58-94 59-64 

Table VIII. 

Ethyl a-GMoradnnamate. 

d. n v . ■ n 0 . : . ' r t , . r n . [MJ... [M] w . 

1-1719 1-56292 1-57054 0-2771 0-2802 58-33 58-98 

Table IX. 

Ethyl a-Chl oroaAocin namate. 

1-54597 1-55246 0-2737 0-2764 57-61 58-19 


1-1569 
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Table X. 

Ethyl a-Brmnocinnmiiale. 

d. n i: . nj,. r,.. r». [MJ„. [M] (l . 

I-3S85 1-57685 1-58450 0-2386 0-2412 60-85 61-51 

Table XI. 

Ethyl a-BrornodAlocinnamate. 

1-3713 1-56474 1-56973 0-2374 0-2398 60-54 61-14 

Table XII. 

. I llyl a-Glilorocinnamate. 

1-1702 1-56718 1-57483 0-2792 0-2823 62-13 62-82 

Table XIII. 

A llyl a-Chloro'dllocmnmnate. 

1-1457 1-53563 1-54164 0-2720 0-2745 60-52 61-08 

Preparations. 

Ethyl o-c hlnrocinnamate, C fl H 5 -CH:qCl-CO a -C s H s . 

B. p. 161—162°/8 mm. Df 1-172. 

0*3467 required T621 c.c. A-AgNCh.. 01=16*60. 

C n H u 0 2 01 requires 01 =16*84 per cent. 

E thyl a -chi oroallocinnamate. 

B. p. 157—158°/10 mm. Df 1*157. 

0:2985 required T392 c.c. jV r -Ag3STO s . Cl = 16*54. 

C 11 H 11 0 2 C1 requires Cl = 16*84 per cent. 

A llyl a-cMorocin namate , C 6 H 5 -CH ICCl* C0. 2 *CH 2 *CH *.CH 2 . 

B. p. 162—163°/11 mm. T>f 1*170. 

0-3340 required 1*470 c.c. A-AgNO e . 01 = 15*61. 

C 12 H 31 0 2 C1 requires 01 = 15*93 per cent. 

A llyl a-chloroaXiocinnamate. 

B. p. 171°/28 mm. D 2 M*146. 

0*2841 required 1*258 c.c. i\ r -AgN0 3 . 01 = 15*70. 

Ci 2 H u 0 2 C1 requires 01 = 15*93 per cent. 

From the- above, it will be observed that tire boiling points and 
densities of the allo-e sters are always below those of the tram-. 
form. 

The Ebwabd Davies Chemical Eaboeatobies^ 

Aberystwyth. IReceAved, August 15ft, 1919.1 
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CXVI. —The Determination of Ignition-temperatures 
by the Soap-bubble Method. 

By Albert Greville White and Tudor Williams Price. 

The soap-bubble method for the determination of ignition-tem¬ 
peratures was first described by MeDavid (T., 1917, 111, 1003). 
In the method as finally adopted, the experimental error is 
assumed to be less than ±3°, and the results obtained for the 
ignition-temperatures of the various gases tested are given as: 


Coal gas-air ... 878° 

Ethylene-air . 1000 

Hydrogen-air .. 747 

Carbon monoxide-air . 931 

Petrol (fraction 0—80°)-air .. 995 

Benzene-air .. 1062 

Ether-air . 1033 


The method is said to eliminate, so far as is practically possible, 
the time factor. The temperature of ignition is taken to be that 
temperature to which the gaseous mixture must be heated by the 
application of a hot body, so as to cause instantaneous ignition. 
McDavid’s results are very high in comparison with other recent 
determinations. 

Finding it necessary to determine the ignition-temperatures of 
certain ether-air mixtures, the authors decided to use the appara¬ 
tus described by McDavid on p. 1005 (loo. dtp 

The igniting coil was mounted between two binding screws 
fixed into a small wooden stand, and was kept at the requisite 
temperature by means of current drawn from a battery of accu¬ 
mulators. A variable resistance of nichrome ribbon formed part 
of the circuit, which was completed by means of a sliding contact- 
maker. The current was measured by means of a delicate 
ammeter reading .'■'to 0*01 ampere. The soap solution was prepared 
by dissolving sodium oleate in water with the addition of a little 
glycerol.. In all the experiments in which ether was used the 
ether-air mixture, was made by weighing the requisite quantity 
of ether into an exhausted aspirator, from which it was displaced 
later'.by■ means -of;mercury. It was found that the presence. of 
mercury caused a slight change in the concentration of- the solvent 
■ above : it. : : The glass pipe from which the bubbles were blown was 
connected to the aspirator by means of a ground-glass joint, so 
that there was rio possibility of change in the concentration of the 
ether due to absorption of the vapour by the leading tube, which 
was of glass. In the other experiments the vapour-air mixture was 
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made by weighing the requisite amount of liquid into an exhausted 
15-litre aspirator, and was in this case displaced by means of water. 
The hydrogen-air mixture was made up by volume in the same 


Standardisation of Apparatus. 

Th© coils were standardised as described by McDavid; the salts 
used were carefully purified and were kept in an exhausted desic¬ 
cator over phosphoric oxide. Before use the salt was crushed 
and only minute fragments were placed on the coil. When these 
precautions were taken the standardisation could almost invari¬ 
ably be repeated to O'Ol ampere. The number of amperes neces¬ 
sary to keep the coil at such a temperature, that, when in a steady 
state, the salt was just melted, was taken to be the amperage 
necessary to heat the coil to the melting point of that salt. The 
melting points are given in table I, and are the same as given by 
McDavid, except in the case of lead chloride, which he did not 
use. 



Table I. 

Melting point 

Melting point 
given in 

“ Chemist’s Year 

Salt employed. 

used. 

Book ” for 1916. 

Potassium sulphate. 

1072° 

1050° 

Sodium chloride . 

800 

820 

Potassium iodide.. 

687 

705 

Lead chloride . 

485 

485 


For comparison the figures supplied in the “ Chemist’s Year- 
Book ” for 1916 are given. It will be seen that the difference 
between these and the figures used is by no means negligible; the 
figure for lead chloride was taken from this source. Every effort 
was made to wind the coils as uniformly as possible, but in almost 
every case it was found that patches rather hotter than the average 
could be found. 

In Fig. 1 are given the standardisations of some of the coils. 
It will be noticed that these curves are not straight lines, as was 
that determined by McDavid in the case of the coil used by him, 
but have a distinct curvature. 

Standardisation of the Method. 

■ Little work appears to have been'done as regards standardising 
,the soap-bubble method.: .McDavid- used a soap-bubble 3-7 cm. 
in diameter,; but ■ no figures are given.allowing the effect of the .size 







Amperes, 
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of the bubble, or the place or the method of striking. All the 
standardisation undertaken in connexion with this method was 
done with coil No. 1, and most of it was carried out with ether-air 
mixtures, although in some cases hydrogen-air mixtures were also 
used, similar results being obtained. Throughout the work an 
attempt was made to keep the room temperature within 2° of 18°. 
For some time it was found exceedingly difficult to obtain accurate 
and steady ammeter readings, but the erection of a draught 
screen round the apparatus, and the gradual elimination of poor 
connexions, remedied these faults. It was also found that owing 
to the comparatively high currents used, the liiehrome resistance 


Fig. 1. 

Showing the standardisation curves connecting the ammeter reading 
and temperature for various coils. 



required frequent cleaning, and that the sliding contact-maker 
had to be silvered or fitted with a platinum contact. 

So far as could be judged from the steadiness of the ammeter 
reading, no appreciable change in the temperature of any coil 
took place when it was brought into contact with a soap bubble 
Mown with air. When using platinum-wound coils at the tem¬ 
perature necessary for the experiments, a very slight draught 
caused a distinct rise in the ammeter reading. 

When determining an ignition-temperature the amperage was 
taken at which at least two ignitions were obtained out of three 
attempts, whilst 0*01 ampere below at least three successive failures 
to ignite were registered. 
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Size of Hub Me and Place of Striking . 

It was found that the size of the bubble used, and the place of 
striking, affected the results very appreciably, and various experi¬ 
ments were carried out in order to determine the magnitude of 
the variations due to these factors. The results of some of these 
tests are given in table II. 


Table II. 


Mixture containing 7*5 
per cent, of ether in air. 
Number of amperes 
necessary to ignite. 


Mixture containing 12-5 
per cent, of ether in air. 
Number of amperes 
necessary to ignite. 


Position of striking 2*5 cm. 3*7 cm. 5 cm. 2*5 cm. 3*7 cm. 5 cm. 
surface on bubble. bubble, bubble, bubble, bubble, bubble, bubble. 


Struck at top . 

Struck at middle 
Struck at bottom ... 


5*29 5*05 5*02 

5*29 5*05 5*02 

5*41 5*08 5*03 


5*31 5*20 5* IS 

5*32 5*20 5* IS 

5*43 5*22 5-20 


On plotting the above results graphically, as in Fig. 2, it 
will be seen that the correct result appears to be about 0'01 ampere 
below the current necessary for the ignition of a 5 cm. bubble. 
Similar results were obtained using other concentrations of ether 
vapour in air. It scarcely appears to matter whether the bubble 
is struck at the top or middle, but striking at the bottom invari¬ 
ably gives a lower result. In practice, bubbles were always struck 
as near the middle as possible, and a 5 cm. bubble was always 
used. This size of bubble gave some little trouble owing to a 
tendency to give delayed ignitions, and to burst before use, both 
effects being particularly noticeable with mixtures containing 
much ether. There was also a great tendency for the ether to leak 
through these bubbles. The method of striking was also found to 
have a great influence on the result, but it was found that a slow, 
but not too slow, approach of the coil to the bubble, or, even better, 
of the bubble to the coil, gave very consistent results. When the 
approach of the bubble was too slow, the ether pouring out through 
the soap film heated the coil so that the ammeter reading did not 
register its correct temperature. 


Time between Ignitions . 

It was also found that a fair time had to elapse after one igni¬ 
tion before another could be attempted with any certainty of 
obtaining a trustworthy result. Even if a bubble was not ignited, 
heating of the coil took place, and a second bubble was very often 
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ignited at what was apparently the same temperature, unless time 
were given for the coil to cool. At least one minute had to be 
allowed between each attempted ignition, and often a longer time 
was necessary, the interval varying from coil to coil. It was also 
found that the time necessary for an adjustment of temperature 

Pm. 2. 

Showing how the current necessary to ignite a definite mixture varies 
with the size of bubble and position of striking. 

5-40 


5-30 

I 

| 5-20 
N 

5-10 


5-40 

5-30 

i 

| 5-20 
5-10 


5-00 
1-21 

Size of btibble in cm. 

due to change in the magnitude of the current flowing, varied 
gr e atlv from, coil to coil 5 . 

Changes in the. Coil. 

Even when experiments were carried out precisely as described 
in the above method, it was found that a. coil gave different results 
for 1 the same combustible mixture, even on the same day. Careful 
observation showed that these variations were generally all in one 
direction, and a connexion was soon traced between them and the 
standardisation of the coil used. . ■ ■ 

In table III are given the ignition-temperatures of a 4*9 per 



2-5 3-75 &0 
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cent, ether- air mixture determined with coil No. 1 at various times 
after standardisation. 

Table III. 

Within After After 20 Minutes after 

20 minutes. 3 days’ use. 3 weeks’ use. re-standardising. 

968° 985° 1040° 970° 

It will be seen at once that the addition of salts to coil No. 1 
lowered the ignition-temperature of the ether—air mixture as given 
by this method by 70°. Some such change might have been anti¬ 
cipated from the later work of Meunier (Compt. rend ., 1909, 149, 
924; 1910, 150, 781). That this was not due to a change in the 
resistance of the coil can be seen from the fact that throughout 
the six months during which this coil was in use no point on the 
standardisation curve varied throughout a range of more than 
O’02 ampere except on one occasion, when a variation of 0*03 was 
found. Precisely similar results were obtained in a test experi¬ 
ment on standardisation, even without washing off the salts used, 
as was invariably done in practice. A further investigation was 
then undertaken in order to discover how the ignition-temperature 
of a particular mixture varied with the treatment to which the 
coil was subjected. 

The ammeter readings taken when using the untreated coil were 
converted into temperatures after the coil had been standardised 
by the us© of salts. This was considered legitimate as every pre¬ 
caution was taken to ensure that the current-temperature ratio of 
the coil did not change with use. It was found that the newly- 
wound coil gave ignition at ammeter readings which increased 
continuously with time up to a steady value. The first ignition- 
temperature determined for a 27 per cent, hydrogen-air mixture, 
using coil No. 2 before treatment, was 760°. In a week’s time the 
ignition-temperature had increased to 860°, but after this time no 
appreciable change in ammeter reading could be detected. 

After standardisation or using salts it was found that a decided 
rise in the ignition-temperature had always taken place. This 
was invariably followed by an initially rapid fall, which decreased 
until a steady state was reached, the rate of decrease of tempera¬ 
ture varying considerably with the nature of the coil, and its 
previous treatment. Thus, an untreated wire would take a very 
much longer time to reach a steady state than a recently treated 
or even a well washed wire which had once reached that state. For 
instance, the ignition-temperature of an ether-air mixture as 
determined by means of a platinum coil treated for the first time 
would probably take several days to become constant, whereas in 
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the case of a recently treated coil twenty minutes would be ample 
time. 

Two hours after coil No. 2 was first treated with salts, , the 
ignition-temperature of a 5 per cent, ether-air mixture as regis¬ 
tered by this coil had fallen from 1068° to 1019°, whilst that of a 
12 per cent, mixture, after its preliminary rise from 986°, had 
fallen to 1006° (see table IV). In both these cases the ignition- 
temperature of a 5 per cent, ether-air mixture appears to have 
fallen much more rapidly than that of a 12 per cent, mixture, as 
would be expected from the curves shown in Fig. 5. 

In order to maintain a coil in the steady state, it was necessary 
to treat with salts occasionally. This caused a temporary rise in 
ignition-temperature, but it was only a matter of minutes before 
the steady state was re-established. The manner in which the 
ignition-temperature changed when no salts were added to a coil 
in the steady state can be seen from table III. 

The temperature at which a steady state was attained after 
treatment was greater than without treatment except in the case 
of coils 1 and 2, which were of platinum. The variation was com¬ 
plicated in the case of the nichrome coil No. 3 by the fact that 
after being in the steady state for three days with a fairly con¬ 
tinuous treatment with salts, a rather rapid fall in ignition-tem¬ 
perature became evident. When the fall became slower, the two 
points shown by asterisks in Fig. 5 were obtained, the one value, 
for a 5 per cent, ether-air mixture, being the mean of two read¬ 
ings 0'04 ampere apart obtained before and after the determina¬ 
tion for a 12 per cent, ether-air mixture. 

It will be noticed that in this case the ignition-temperature of a 
5 per cent, ether-air mixture has fallen much more rapidly than 
that of a 12*5 per cent, mixture. This experiment was unfor¬ 
tunately interrupted by the breaking of the silica tube on which 
the coil was wound, making it impossible for the experiment to be 
carried to its logical conclusion; but it is at least possible that a 
flattened curve well below the original one (without salts) would 
have been obtained here as in the case of No. 1. 

The upward change shown in table III could be made to take 
place even faster if the salts were washed from the coil and the 
coil, used without treatment after drying. It was found that after 
eighteen hours’ soaking of the coil in water, the ignition-tempera¬ 
ture of a 27 per cent, hydrogen-air mixture as indicated by coil 
No. 1 fell from 787° to 771° and that of a benzene-air mixture fell 
from. 1080° to 1058°. After sixty hours’ soaking the result ob¬ 
tained for the hydrogen-air mixture was 773° and that for the 
benzene-air mixture 1056°. In all the above cases the . ignition- 
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temperature was determined immediately after the drying of the 
coil was complete. During the course of three days after this 
preliminary fall, ignition-temperatures determined by this coil 
continued to rise, and at the end of this time, when the rise had 
become very slow, the figure found for the hydrogen-air mixture 
was 793° and that for the benzene-air mixture 1075°. Further 
results of a similar kind will be found later. 

The effects of the changes considered above are shown in Fig. 3. 
It will be seen that consistent results are only to be expected 
under conditions corresponding with the three portions of the curve 
marked A, B, and C. Except where otherwise stated, results 
detailed later correspond with these steady states. 

Fig. 3. 


Showing diagrammaiically the effect of various changes during the 
treatment of the wire on the ignition-temperatures registered by a coil,. 





Influence of the Material of the Coil. 

McDavid (lac. tit.) states that the ignition-temperature of a 
20 per cent, hydrogen-air mixture as determined by a Eureka 
wire coil is 9° to 30° lower than that obtained with platinum wire, 
and the statement is made that ‘‘The figures found by using 
platinum are higher than those obtained by using Eureka wire, 
indicating a catalysing effect in the case of the latter. It is, how¬ 
ever, probable that both substances exert a catalytic influence/’ 
The results given above for coils Nos. 1 and 2 make it certain 
that the temperatures obtained are influenced very greatly by 
surface action in every case. It was accordingly decided to deter¬ 
mine the ignition-temperatures of various ether-air mixtures using 
coils of different materials. . 

3 B 
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Coil Bo. 1 was made by winding platinum wire, 0*038 cm. in 
diameter, round a notched strip of mica. 

Coil Bo. 2 was a similar coil made with platinum wire, 0*025 cm. 
in diameter. 

Coils Bos. 3 and 4 were made by winding nichrome wire, 0*05 cm, 
in diameter, round a narrow silica tube. 

Coil No. 5 consisted of platinum wire, 0*025 cm. in diameter, 


Fig. 4. 

Showing the ignition-temperatures of various ether-air mixtures 
obtained until coils of platinum wire wound on mica. 
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wound inside a silica tube and having the platinum leads shielded 
by tubes of silica. 

■'Coil No. 6 consisted of platinum wire of the same diameter as 
used in coil No. 5 enclosed in a uniform hard-glass tube with the 
leads safeguarded as for coil No-; 5 . 

¥%. 4 gives the ignition-temperature curves obtained by plotting 
the results for various ether-air mixtures determined by means of 
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coils Nos. 1 and 2. It will b© noticed that the curve obtained 
when coil No. 2 had attained a steady state before being treated 
with salts (or standardised) is close to that obtained when coil 
No. 1 had been allowed to attain a steady state after all the salts 
had been removed by prolonged washing and use. Curve C shows 
the ignition-temperatures obtained when coil No. 1 is treated with 
salts until the ignition-temperature obtained is constant. It 
differs from the other two curves inasmuch as the main body is 
very much flatter and that the difference in ignition-temperature 
between a 5 per cent, mixture and a 12 per cent, mixture of ether 
and air is very much less. The ignition-temperature of a 5 per 
cent, ether mixture as obtained from different curves on this 
diagram varies by 100°, whilst the maximum difference in the case 
of a 12 per cent, mixture is little more than 30°. 

Fig. 5 gives the results obtained, using coils 3 and 5. With 
both these coils a more or less steady state was attained at a point 
above the ignition-temperature before treatment, and very much 
above in the case of the silica tube, No. 5. In this case, as before, 
the treated coils give flatter curves, and the maximum difference 
between the ignition-temperatures of 12 per cent, mixtures appears 
to be about 175°, whilst the maximum difference obtained for a 
5 per cent, mixture is about 160°. 

An examination of the results given in these two sets of curves 
shows that the ignition-temperature of any particular mixture as 
obtained by this method can vary very greatly. For example, the 
ignition-temperature of a 12 per cent, mixture of ether and air 
can be considered to be anything from 859° to 1035°. The 
explanation, of course, lies in the fact that a catalytic action— 
surface action—must be exerted by the coil, as would naturally be 
expected of any hot body inserted into a combustible gas; but it is 
fairly evident that the greater catalytic action is not exerted by 
the coil giving the lower ignition-temperature, as suggested by 
McDavid, but by that giving the higher. The modus operandi is 
probably as follows: When the coil is brought into the gas the 
combustible portion near it is at once removed by surface com¬ 
bustion, and this weakens the concentration ■of combustible gas 
near the coil to such an extent that it is only when the radiation 
from the coil is of sufficient intensity to ignite the gas outside this 
limited sphere that ignition occurs. This reasoning, which appears 
to be quite in keeping with what is known of the combustion of 
gases on surfaces, explains why in McDavid’s experiments platinum 
gave a higher result than Eureka wire, and in the experiments 
described above, why, in the normal state, it gave results higher 
than either silica or nichrome when unaffected by salts. This 

3 B 2 
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would also explain the reason why a coil had to be used for some 
time before attaining its maximum activity, as described in the 
standardisation of the apparatus. 

Fig. 5. 

Showing the ignition-temperatures of various ether-air mixtures 
obtained with coils of nichrome wound on silica and platinum 
inside silica. 



-'Wahic of Method for obtaining Comparative remits. 

7 Although.under .Any particular set of conditions the...soap-bubble, 
method is. capable of giving results consistent to within ■ ±5°, it will 
be seen that, giving as it does, such a range for th© ignition- 
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temperature of any one gas-air mixture, it could scarcely be 
capable of giving the true ignition-temperature, particularly as 
surface action is bound to occur even when ijsing the most indif¬ 
ferent material possible. It thus becomes a question as to whether 
even, comparative results could be obtained by this method. It is 
seen from the curves given in Pigs. 4 and 5 that those obtained 
with different coils occasionally cut one another, indicating that 
even comparative results could scarcely be obtained, assuming the 
experimental methods could be guaranteed accurate. As, how¬ 
ever, the melting points of the salts used for standardisation pur¬ 
poses are not known to any great degree of accuracy, and the 
standardisation curves are not straight lines, this evidence can 
scarcely be regarded as final. It was therefore decided to test 
several combustible mixtures, using the coils already made, in 
order to see if comparative results could be obtained by this 
method. Accordingly, the following mixtures were used, in addi¬ 
tion to those mentioned previously: 

1 . A mixture of 27 per cent, of hydrogen in air. 

2. A mixture of 5-7 per cent, of benzene in air 

3. A mixture of 0*23 gram of light petroleum (b. p. 90—100°) 
per litre of air. 

4. A mixture of 0*23 gram of light petroleum (b. p. 60—80°) 
per litre of air. 

It was found to be impossible to obtain a definite ignition- 
temperature for a mixture of carbon disulphide and air or to 
ignite any mixture of alcohol and air or to obtain a reasonable 
size of bubble with mixtures of acetone and air. The results 
obtained are given in table IV. 

In the course of these experiments it was noticed that it was 

easier to obtain an accurate result with hydrogen than with any 

of the other gases, and it was also very obvious that coils Nos. 5 
and 6 gave results sooner and more accurately than the others. 
With any gases examined, when using these coils, it was easy 
to redetermine any figure to within 0*01 ampere, whilst with the 
other coilg twice this variation was often found. Coils Nos. 1 and 
2 scarcely changed at all during six months’ use, but the result 
was far different in the case of coils wound over silica tubing. 
For example, three nichrome coils had to be rejected before a 
coil was found which would not change on heating, and this had 
to be kept at an exceedingly high temperature for some time 
before it reached this constant state. To test the comparative 
accuracy of the method, a second coil of platinum wound inside 
a hard glass tube was made and the ignition-temperature of a 
hydrogen-air mixture 'Before treatment . with salts determined. 



1260 


WHITE AISH) PRICE : THE DETERMINATION OF 

















IG-YITION-TEMPERATIJBES BY THE SOAP-BUBBLE METHOD, 1261 


The result was quite satisfactory, as on standardisation it was 
found that the ignition-temperature obtained in this case was 
712°, the result obtained using coil No. 6 being 715°. No simi¬ 
lar tests were carried out with the other coils, as it was consi¬ 
dered that in- all cases except that in which a platinum coil was 
wound inside silica or glass, such a test would probably have been 
useless, as the ratio of the areas of the two constituent surfaces 
of the coil was bound to vary for every coil made. The results 
are interesting, as they show that the ignition-temperatures of 
two gaseous mixtures obtained by this method may not even be 
comparative when determined by two different coils. This was 
carefully tested in the case of the mixtures of the two varieties of 
light petroleum and air by using coil 4 without salts and coil 1 
with salts. When coil No. 4 without salts was kept at 1001° and 
bubbles of the above mixtures were brought into contact with 
it alternately, in every case the mixture containing the light 
petroleum of lower boiling point ignited, whilst in only one trial 
out of five did the other one ignite. A similar experiment with 
coil No. 2 showed that the ignition-temperature of a mixture 
containing the light petroleum of lower boiling point was higher 
than that of the other as measured by this coil. 

A similar result was obtained when dealing with a 5 per cent, 
mixture of ether in air, as in every case except when determined 
by coil No. 2 before treatment with salts, the ignition-temperature 
of this mixture was found to be lower than that of the light 
petroleum and benzene mixtures. In the case of the coil specified, 
however, the ignition-temperature found for a 5 per cent, mixture 
of ether in air was definitely higher than those of the other 
mixtures mentioned above. 

In table V are given the maximum and minimum values 
obtained for the ignition-temperatures of certain of the mixtures 
used. 


W —Washed. 

W.S. “Without salts. 
S — After using salts. 


Mixture used. 

Hydrogen (27 per cent.) in 
air 

Light petroleum (b.p. 90- 
100“} 0-23 gram per litre in 


Table V. 


Maximum 

ignition- 

temperature 

observed. 

860° 

Coil 2 W.S. 
1067 

Coil 1 W. 


Minimum 

ignition- 

temperature 

observed. 

715° 

Coil 6 W.S. 
1003 

Coil 4 W.S. 


Difference. 

146° 

64 
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Table V. ( continued ). 



Maximum 

ignition- 

temperature 

Minimum 

ignition- 

temperature 

Difference. 

Mixture used. 

observed. 

observed- 

Light petroleum (b.p. 60-80°) 
0*23 gram per litre in air 

1075° 

Coil 1 W. 

999 0 

Coil 4 W.S. 

76’ 

Benzene (5-7 per cent.) in air 

1075 

Coil 1 W. 

1025 

Coil 4 W.S. 

50 

Ether (5 per cent.) in air 

1068 

Coil 2 W.S. 

907 

Coil 5 W.S. 

161 

Ether (12 per cent.) in air 

1035 

Coil 5 S. 

859 

Coil 3 W.S. 

176 


When it is considered, that the glass and silica coils were only 
used for the hydrogen and ether mixtures respectively, it will be 
seen that the results have an appreciable regularity as regards 
what is generally considered to be the catalytic order of the various 
substances concerned in the ignition. In this connexion, it must 
not be forgotten that the substance on which a metal coil is wound 
must affect- the ignition-temperature obtained. 

A comparison of the ignition-temperatures obtained, using coil 
No, 2 with and without salts, is also interesting. In the case of 
the hydrogen-air mixture and the 5 per cent, ether-air mixture, 
the treated coil gives appreciably lower results than the same coil 
without salts, but the reverse of this is true of all the other mix¬ 
tures except light petroleum (b. p. 90—100°) and air when the 
ignition-temperatures are practically the same in the two cases. 

On summing up, it will be seen that the only advantages which 
the method possesses appear to be those due to its convenience and 
rapidity in use. It was easy to find the apparent ignition- 
temperature of any mixture within less than an hour, and, using 
coils 5 or 6, it could often be done in half that time. The term 
“instantaneous ignition” is obviously used by McDavid to mean 
ignition without perceptible delay, but refined methods of time 
measurement would certainly show that different retardations 
-occurred with different gas mixtures. Its disadvantages appear 
to,lie in the fact that, so far as can be ascertained from these 
experiments, it cannot give the true ignition-temperature of any 
gas mixture, and that the results given by it can scarcely be utilised 
unreservedly even-. when only required for comparative purposes. 
Such results are fairly certain' to be higher than the true ignition- 
temperatures, and not, as described by McDavid, ; lower' The 
' accuracy of the method is also adversely affected by the fact that 
.the exact melting points of the. salts used - are .still a' matter for 
controversy, and that the standardisation curve for any coil appears 
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from these experiments unlikely to be a straight line. The results 
are exceedingly dependent on draughts, as the method of estim¬ 
ating temperature is an indirect one. If the temperature of the 
coil falls during an experiment, due to any such disturbance in 
outside conditions, the ammeter reading, and hence the tempera¬ 
ture indicated, becomes higher instead of lower, owing to the 
change in resistance of the platinum or other metal forming the 
heating coil. Any result obtained also seems to depend on the 
state of the surface causing ignition, as used and unused 'wire give 
different ignition-temperatures for the same gas mixture, and an 
examination under a good lens of wire that has been in use for 
some time shows it to have altered appreciably in appearance. 
Amongst its other disadvantages is that of limited applicability. 
It can only be applied to moist gases and to those which are more 
or less insoluble in water and can be obtained at a fair concen¬ 
tration in air at the ordinary temperature. For instance, it was 
found impossible to ignite a mixture of amyl acetate and air, made 
up at 20°, by this method. Another disadvantage lies in the fact 
that the least concentration of combustible gas at which ignition 
can be obtained by the soap-bubble method is much greater than 
that found by ordinary methods, which generally give results below 
2 per cent, for ether-air mixtures. Thus the ignition-temperature 
of any fixed concentration of mixture cannot be determined by 
this method, as could also be judged from the obvious permeability 
of the soap film to some of the vapours used. 

The results obtained during this investigation appear to indicate 
that the soap-bubble method of determining ignition-temperatures 
as described by McDavid gives values for the ignition-temperature 
which appear to be erroneous. A radical modification of the 
method could probably be made, however, which would give more 
satisfactory results. For instance, a soap-bubble of the mixture 
under examination might be introduced into a vertical tubular 
furnace, the bubble being shielded from radiation until at the 
desired spot. In this case, the results would be far more likely 
to be correct, as the temperature at which ignition took place 
would be known, and surface action would be partly eliminated. 

Summary. 

The soap-bubble method described by McDavid (loe. ait.) has 
been applied to determine the ignition-temperatures of certain 
mixtures, of ether,: benzene,- light petroleum, and hydrogen with 
air. The conditions under which consistent results can be obtained 
are-given, ■ 
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After careful standardisation, the results given by this method 
were found to be affected by the physical state of the igniting 
surface and the nature of the material of which it was made * even 
the addition of small quantities of the salts used for standardisa¬ 
tion purposes altered the results obtained. This seemed to show 
that the method could scarcely give the true ignition-temperature 
of a gas mixture. The ignition-temperature of a particular gas 
mixture as determined by two different coils often varied by more 
than 150°, and results appeared to indicate that the method was 
not strictly trustworthy even for comparative purposes. 

In conclusion, the authors desire to express their thanks to 
Messrs. Nobel’s Explosives Co., Ltd., for whom the work was 
carried out, and to Mr. Wm. Rintoul, Manager of the Research 
Section, for permission to publish the results, and to Mr. A, W. 
Sanderson for his kind assistance in carrying out some of the 
experimental work. 

The Research Laboratories, 

Ardeer Factory, 

Stbvenston. [Received, September 1st, 1919.] 


CXVII .—The Interaction of Chlorine and Hydrogen. 
The Influence of Mass. 

By David Leonard Chapman and John Reginald Harvey 
Whiston. 

After investigating the precautions which must be taken in order 
to obtain trustworthy aetinometric measurements of the velocity 
of the photochemical action of chlorine and hydrogen, Chapman 
and Underhill (T., 1913, 103, 496) examined the influence of the 
concentration of hydrogen on this reaction. The determinations 
were made with mixtures containing small measured quantities of 
oxygen, and in the same series of determinations the concentra¬ 
tions of chlorine and oxygen in the mixtures were kept constant, 
whilst the concentration of hydrogen was varied. They found 
that “ as the partial pressure of the hydrogen is increased from 
zero, the rate of formation of hydrogen chloride per unit volume 
of the mixture is at first almost proportional to the concentration 
of the hydrogen^ but the ratio of partial pressure of hydrogen to 
velocity of interaction rises continuously in value as the propor- 
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tion of hydrogen is increased, and when the pressure of hydrogen 
has attained a definite value the rate of formation of hydrogen 
chloride becomes a maximum, and then, as the proportion of 
hydrogen is still further increased, the rate of interaction of 
chlorine and hydrogen falls very slowly.” 

It had previously been shown hy Chapman and MacMahon (T., 
1909, 95, 959) that the sensitiveness of electrolytic gas at atmo¬ 
spheric pressure is approximately inversely proportional to the 
concentration of the oxygen it contains for proportions of oxygen 
varying between 0*08 and 1 per cent, by volume of the electrolytic 
gas. 

These two results were interpreted by a theory advanced by 
Burgess and Chapman (T., 1906, 89, 1433). 

It was our intention to proceed with the investigation of the 
influence of the concentration of the chlorine on the rate of form¬ 
ation of hydrogen chloride. However, before we were able to 
complete our investigation, Bodenstein and Dux ( Zeitsch . pJit/sikal. 
Chem., 1913, 85, 297) published the result that the reaction is of 
the second order in the case of a mixture containing equal volumes 
of chlorine and hydrogen and a small fixed proportion of oxygen. 
Our results mentioned above on the influence of the concentrations 
of hydrogen and oxygen were in the main confirmed by these 
authors. 

It will be remembered that Wildermann (Phil. Trans., 1902, 
199, 337) also found that the rate of formation of carbonyl 
chloride when a mixture containing equal volumes of carbon mon¬ 
oxide and chlorine was exposed to light of constant intensity was 
proportional to the square of the pressure of the interacting gases. 

From Bodenstein and Dux’s result and the facts that the rate 
of. interaction is inversely proportional to the concentration of the 
oxygen and nearly independent of the concentration of the 
hydrogen (provided that this concentration is not too small), it 
can obviously be deduced that the rate of formation of hydrogen 
chloride when a fixed volume of electrolytic gas is exposed to 
homogeneous light of constant intensity is given approximately 
by the formula 

dfHCl] _ 1c . I . fOi 9 "p 
it [u,] ’ 

in which k is a constant and 1 the intensity of the radiation. 

Bodenstein and Dux confirmed the above formula with measure¬ 
ments made with mixtures containing unequal volumes of hydrogen 
and chlorine. 

It may be stated immediately that we are unable to confirm 
the work of Bodenstein and Dux on the influence of the concern- 

3 T!* *? 
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tration of the chlorine on the rate of the change- In fact, we 
find that, within wide limits of concentration of the interacting 
gases, the rate of formation of hydrogen chloride is given with 

fairly close approximation by the expression or? j n 

other words, since l. [Cl 2 ] is proportional to the radiation absorbed 
per second, the hydrogen chloride formed is nearly directly pro¬ 
portional to the radiation absorbed and inversely proportional to 
the concentration of the oxygen. 

The result embodied in the above expression for the rate of 


formation of hydrogen chloride in mixtures of compositions and 
pressures within the limits used in our experiments can b© easily 
interpreted by the hypothesis of Chapman, Burgess, Glee, and 
Underhill. Briefly, the hypothesis in question postulates that the 


radiation is absorbed by the chlorine molecules. The absorbed 


energy in the molecules is gradually degraded. In the earlier 
stages, when the energy is still in a highly efficient form, the 
degradation is accomplished very rapidly and completely by the 
agency of oxygen and the other inhibitors. The degradation 
accomplished in this way is so complete that the resulting degraded 
energy is no longer capable of assisting the union of the chlorine 
and hydrogen. The absorbed energy in the chlorine molecules 
which escapes being degraded in the earlier stages by the inhibitors 
is transformed to lower forms of energy, which, although capable 
of activating the chlorine, are to a much less degree, and possibly 
not at all, degraded by the inhibitors. In other words, the life 
of an activated molecule is not shortened by the agency of the 
inhibitors. 


Consider unit volume of the mixture of gases exposed to light 
of intensity I. The rate of accumulation of efficient energy will 
be A* x . I. [CL 2 ] : h n being now and below taken to represent a 


-constant. 


The loss of efficient ■' energy is due to two causes, namely, its 
degradation during the impacts of the chlorine molecules with 
oxygen molecules and the conversion of the chlorine molecules into 
the activated' form. When, however, the proportion of' oxygen to 
electrolytic gas is as high as 1 per cent, (as it was in all the experi¬ 
ments to b,s described below), the sensitiveness is almost one 
hundred., times less than that of the purest electrolytic gas we 
could prepare, and therefore ...with.- such a large proportion of 
oxygen., present,'the loss of accumulated efficient energy must be 
almost entirely-due,to the first of the above-mentioned causes. ■ 
.-How; the number'of ■ impacts per .second.-between' chlorine mole¬ 
cules and oxygen molecules, is given by the expression 
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k 9 . [0 2 ] [cy. Further, if it b© assumed that in 'the mean a 
constant proportion of the efficient energy is degraded during an 
impact of a chlorine molecule with an oxygen molecule, the 
degradation of energy during a single impact will be, in the mean, 
/c 3 e, e being the mean efficient energy of a chlorine molecule after 
the steady state is reached. 

The rat© of loss of efficient energy will be the product of the 
loss during a single impact and the number of impacts per second, 
which is k 2 . k 3 . e . [0 2 ] [Cl 2 ]. 

Equating this to the rate of accumulation of efficient energy, 
we obtain k 2 . /%. e . [0 2 ] [Cl 2 ] = k x . I . [Cl 2 ], and therefore 

I 

6 WlAT 

Now if we make the probable assumption that the rat© of 
formation of active chlorine molecules is proportional to the pro¬ 
duct of the concentration of the chlorine and mean efficient energy 
of a single molecule,* the number of active molecules formed per 
second should b© 

h-K mcy i 

k s :i a py 

but when the pressure of the hydrogen exceeds 15 cm., and possibly 
at much lower pressures, almost all the active molecules of chlorine 
combine with hydrogen (Chapman and Underhill, loc. cit.), and 
the rate of formation of hydrogen chloride becomes equal to the 
active molecules of chlorine produced per second and almost in¬ 
dependent of the pressure of the hydrogen. 

Therefore the number of molecules of hydrogen chloride formed 
per second is also given by the expression 

k x .k, I. [ 01,1 

K'K [OJ 

That is, the hydrogen chloride produced is proportional to the 
radiation absorbed and inversely proportional to the concentration 
of the oxygen. 

If, as we have reason to believe is the case, hydrogen is a weak 
inhibitor (Chapman and Underhill, loc. cit.), the expression for 
the rate of formation of hydrogen chloride molecules would 
■■ become 

I.[C 1 J / 

, * This assumption is equivalent to the assumption, that the tendency of 
each quantum of efficient energy to change its form is independent of the 
concentration of the chlorine. 
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in which. fc 5 is a constant of small magnitude. Sine© in our 
experiments, however, the pressures of the hydrogen and the 
oxygen have been varied in the same ratio, our results are in equal 
agreement with both formulse, and fail to distinguish between 
them. 


Experimental. 

Experiments ■with the Moist Gases .—The apparatus used was a 
form of Bunsen and Boscoe’s actinometer, in which the pressure 
of the contained gas could he varied, very similar to that used by 
Chapman and Underhill. The precautions taken in making the 
measurements and to ensure purity of materials were the same as 
those observed by Chapman and Underhill. 

The mixture of gas experimented with was electrolytic gas 
which contained about 1*3 per cent, of oxygen by volume. The 
sensitiveness of the mixture at a pressure of one atmosphere and 
half an atmosphere was measured, and the results are tabulated 


below. 

Number of 

Sensitiveness 
at one 

Sensitiveness 
at half an 


experiment. 

atmosphere. 

atmosphere. 


1 . 

1000 

1029 


2. 

1000 

973 


3. 

1000 

1060 


Accordingly, ivith the moist gases the total hydrogen chloride 
formed in unit time is almost independent of the pressure, 
whereas if Bodenstein and Dux’s result were correct, the rate of 
formation of hydrogen chloride ought to be proportional to the 
pressure.' 

Experiments with the Dry Gases .—For these experiments, the 
apparatus was modified in one or two respects. The mixture of 
gases before use was confined in a gas-holder over sulphuric acid. 
The sulphuric acid which the holder contained was saturated with 
chlorine and boiled several times, and the gas-holder was so con¬ 
structed that the sulphuric acid did not come into contact with 
the air of the laboratory. The actinometer was the same as that 
used in the experiments with the moist gases, with the exception 
that the index contained sulphuric acid and the insolation vessel 
was horizontal and contained anhydrous copper sulphate spread 
uniformly, over the bottom of the tube to serve as an absorbent 
of the hydrogen chloride. The copper sulphate was carefully 
: dehydrated;in the insolation' vessel and heated in a, current of 
uhiorine, at about „ ,300°. for ■. an ’ hour. The . internal diameter , of 
the insolation vessel was 2*6 "cm. The results are tabulated below. 
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Number of 

Sensitiveness 
at one 

Sensitiveness 
at half an 

Sensitiveness at 
quarter of an 

experiment. 

atmosphere. 

atmosphere. 

atmosphere. 

1. 

1000 

963 

755* 

2. 

1000 

936 

776* 

s‘ 

1000 

944 

— 

4. 

1000 

— 

758* 

5. 

1000 

— 

. 752* 


* At this low pressure it is possible that many of the activated chlorine 
molecules lose their activity before making fruitful impacts with the hydrogen 
molecules (compare Chapman and Underhill, loc. cit.). 

Bodenstein and Dux admit that inhibitors were gradually pro¬ 
duced in the insolation vessel during an experiment, and these 
inhibitors would tend to increase the apparent order of the reac¬ 
tion. They claim to have eliminated the effect of these inhibitors 
by the method of conducting their experiments, but it seems to 
us most likely that the discrepancy between their results and ours 
is due to this cause. 

We take this opportunity pf gratefully acknowledging a 
generous grant awarded to one of us by the Board of Scientific 
and Industrial Research. 

The Sir Leoline Jenkins Laboratories, 

Jesus Coixege, 

Oxford. [Received, October 13th, 1919.] 


CXVTII.— Auto-complexes in Solutions of Cupric 
Chloride and Cupric Bromide. 

By Stewart Byron Watkins and Henry George Denham. 

In a paper by Donnan and Bassett (T., 1902, 81, 939), the view 
is expressed that the changes in colour brought about in solutions 
of copper and cobalt salts by changes in concentration and tempera¬ 
ture, as well as by the addition of certain other haloid salts, are 
to be attributed to the formation of complex anions, as exemplified 
in the following equations: 

Cu- + 20I' + a! CuCl 2 ^Cu" + [ (CuC ^]’' 

2K- + 2Cr%*CoCl 2 = 2E- + [ (CoC ^]” 
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the colour of the anions so formed differing essentially from the 
colour of the cupric and cobalt ions. Quantitative support to this 
theory was first afforded by Kohlschtitters migration experiments 
(Ber. s 1904, 37, 1193), whilst the investigations of one of the 
authors (Zeitsch. physikal. Ghent. y 1909, 65, 64) have shown that 
in concentrated aqueous and alcoholic solutions of copper and 
cobalt haloid salts, the cations have a migration number which is 
distinctly negative. The present paper is an extension of the 
investigation, and deals with the effect of temperature and con¬ 
centration on the migration number of the cupric ion. 

The experimental method adopted was practically the same as 
in the former paper, and the results obtained are of the same order 
of accuracy. Experiments were nearly always carried out in 
duplicate, and the middle layer was repeatedly analysed. 

Below are the experimental results: 

Table I. 


Copper Chloride in Aqueous Solution. Temperature , 35°. 


Before electrolysis: 

Expt. 1. 

2. 

3. 

4. 

Water, grams ... 

13*6121 

9*3.827 

7*931 

2*1160 

Copper, grams .. 

0*3455 

0-4368 

1*0695 

0*5273 

Concentration in gram-mols 





pei* litre . 

0*25 

0-75 

2*1 

4*0 

After electrolysis : 





. Cathode liquid, grams .......... 

360216 

35-4874 

41*2010 

46*1836 

Copper found in cathode 





liquid, grams .. 

0-8176 

1*4775 

4*2870 

7*5189 

Voltameter Ag ... 

0*2272 

0*27 IS 

0-2750 

0*1994 

Equivalent Cu" . 

0*0669 

0*0808 

0*0810 

0*0587 

Copper on cathode . 

0*0735 

0*0832 

0*0252 

nil. 

Cuprous copper in solution ... 
Cuprous chloride in solution 

0-0604 

0*0784 

0*1368 

0*1173 

0-0941 

0*1221 

0*2126 

0*1828 

Cuprie copper in solution ... 

0*8112 

1*3991 

4*1702 

7*4016 

Cupric chloride in solution ... 

1-7170 

2*9605 

8*8256 

15*6942 

Total salt ... 

1*8111 

3*0826 

9*0382 

15*8770 

Water.,.... 

34*2105 

32*4048 

32*1634 

30*3066 

Migration, number .. 

0-34 

0*24 

-0*06 

-0*57 

Temperature, 

45°. 



Before electrolysis : 

Expt. 1, 

2. 

3. 

4. 

Water, grams ... 

13-6131 

9-1827 

6-8970 

8*1700 

Copper,'grams ... 

0-3455 

0*4368 

0*9180 

1*6600 

Concentration in gram-mols. 





• per litre ...... 

0*25 

0*75 

2*1 

3*2 

After..electrolysis; ■ . 





' Cathode liquid, 1 .'grams. 

32-0180 

41*1732 

43*9082 

48*4132 

■ Copper' . found, in . ■ cathode 





liquid, grams.... 

0-6848 

1-7113 

4*5420 

6*8880 

Voltameter Ag .. 

0*3659 

0*3048 

0-2611 

0*3105 

Equivalent Cu‘ ’ ... 

0*1052 

0*0898 

0*0770 

0*0915 
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Table I. ( continued ). 


Copper Chloride in Aqueous Solution. Temperature, 45°. 


After electrolysis; 

Expt. 1. 

2. 

3. 

4. 

Copper on cathode . 

01161 

0-0978 

0-0322 

nil. 

Cuprous copper in solution ... 

0-0942 

0-0820 

0-1217 

0-1829 

Cuprous chloride in solution 

0-1467 

0-1277 

0-1896 

0*2849 

Cxrprie copper in solution...... 

0-5906 

1-6293 

4-4203 

6-6851 

Cupric chloride in solution ... 

1-2500 

3-4460 

9-3520 

14-1500 

Total salt .... 

1-3967 

3-5737 

9-5416 

14-4349 

Water... 

30* 6# 13 

37-5995 

34-3666 . 

33-9783 

Migration number . 

0-22 

0-135 

-0-01 

-0-40 


Table II. 


Copper Bromide in Aqueous Solution. Temperature, 35°. 


Before electrolysis : 

Expt. 1. 

2. 

3. 

■ 4. 

Water, grams . 

21-976 

6*8659 

2*2323 

1*2527 

Copper, grams .. 

0-5036 

0*3302 

0-2246 

0-2847 

Concentration in gram-mols. 





per litre . 

0-36 

0*76 

1-6 

3*6 

After electrolysis : 





Cathode liquid, grams. 

42-5353 

41*5343 

48-6760 

57*9704 

Copper found in cathode 





liquid, grams ... 

0-8739 

1*6396 

3-6298 

7-3307 

Voltameter Ag ... 

0-0893 

0*1891 

0-1857 

0*2000 

Equivalent Cu" ... 

0-0272 

0*0558 

0-0547 

0*0589 

Copper on cathode . 

0-0394 

0*0908 

0-0005 

nil. 

Cuprous copper in solution ... 

0-0194 

0*0207 

0-1089 

0*1177 

Cuprous bromide in solution 

0-0368 

0-0467 

0-2461 

0*2660 

Cupric copper in solution. 

0-8590 

1-6189 

3*5209 

7*2130 

Cupric bromide in solution ... 

3-0200 

5-6901 

12*3752 

25*3589 

Total salt .. 

3-0568 

5-736S 

12*6214 

25*6249 

Water... 

39-4785 

35-7975 

36*0546 

32-3455 

Migration number . 

0-32 

0-16 

0*05 

-0*35 

Temperature, 

45°. 



Before electrolysis: ■. 

Expt. 1. 

2. 

3. 

Water, grams . 

..... 10-7732 

2*2323 

1*2527 

Copper, grams .. 

0-2518 

0*2246 

0-2847 

Concentration in gram-mols. per 




litre......... 


1*6 

3-6 

After electrolysis ; 





Cathode liquid, grams ... 

...... 40-8411 

49*4290 

52*5873 

Copper found in cathode liquid. 




grams ..... 

0-7959 

3*6765 

6*6333 

Voltameter Ag .. 

0*2205 

0*1673 

0-1937 

Equivalent Cu" ■ ............... 

0-0651 

0-0489 

0-0570 

Copper on cathode ... 

..... 0*1068 

nil 

nil 

Cuprous copper in solution ... 

0-0233 

0-0977 

0-1140 

Cuprous bromide in solution 

0*0526 

0-2206 

0-2576 

Cupric copper in solution...... 

0*7726 

3*5788 

0-5193 

Cupric bromide in solution ... 

2*7169 

12*5821 

22*9200 

"Total salt .... 

2*7695 

12*8027 

23*1776. 

Water .... 

. 38*0716 

36*6263 

29*4061 

.Migrationnumber .. 

0*19 

-0*18 

-0*88 
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Table III. 


Copper Bromide in Ethyl Alcohol . Temperature, 35°. 


Before electrolysis : 

Expt. 1. 

2. 

3. 

Alcohol, grams .............. 

10-3713 

9-0477 

5-8932 

Copper, grams . 

Concent-ration, in. gram-mols. per 

0-1441 

0-2517 

0-5059 

litre.... 

0-21 

0-43 

1-3 

After electrolysis : 

Cathode liquid, grams . 

Copper found in cathode liquid, 

13-3029 

13-7986 

16-7181 

grams. 

0-1464 

0-3244 

1-0655 

Voltameter Ag . 

0-1124 

0-0985 

0-1065 

Equivalent Cu : . 

0-0332 

0-0300 

0-0314 

Copper on cathode . 

0-0151 

0-0114 

0-0176 

Cuprous copper in solution. 

0-0512 

0-0466 

0-0452 

Cuprous bromide in solution . 

0-1156 

0-1052 

0-1021 

Cupric copper in solution. 

0-0952 

0-2788 

1-0203 

Cupric bromide in solution. 

0-3345 

0-9767 

3-5871 

Total salt ... 

0-4501 

1-0819 

3*6892 

Alcohol ... 

12-8528 

12-7167 

13-0289 

Migration, number .. 

-0-51 

-0-60 

-1-1 


Temperature, 45°. 


Before electrolysis : 

Expt. 1. 

2. 

3. 

Alcohol, grams . 

10-3713 

9*0477 

5-2739 

Copper, grams . 

Concentration in gram-mols. per 

0-1441 

0*2517 

0-3822 

litre . 

0-21 

0*43 

1-17 

After electrolysis : 

Cathode liquid, grams .. 

Copper found in cathode liquid. 

13-5570 

14-0426 

15-870S 

grams ... 

0-1495 

0-3282 

0-8582 

Voltameter Ag . 

0-1033 

0-0822 

0*1229 

Equivalent Cu" .. 

0-0305 

0-0243 

0*0362 

Copper on cathode .. 

0-0098 

0*0103 

0*0270 

Cuprous copper in solution .... 

0-0510 

0-0382 

0*0454 

Cuprous bromide in solution . 

0*1152 

0-0862 

0*1025 

Cupric copper in solution.. 

0*0985 

0-2900 

0*8128 

Cupric bromide in solution.. 

0-3463 

1-0038 

2*8576 

Total salt .... 

0*4615 

1-0900 

2*9601 

Alcohol ...... . 

13*0955 

12-9520 

12*9107 

Migration number . 

-0*77 

-0*90 

-1*35 


Discussion of Results. 

The boundary migration experiments described by Steele 
(Zeitsch. physical. Ckem., 1902, 40, 689) and by Donnan and 
Bassett {Joe. cit.), supported by the quantitative migration experi¬ 
ments of Kohlschlitter {Joe. cit.) and of Denham (loc. cit.), have 
afforded considerable support to the theory of complex-formation in 
concentrated solutions of copper and cobalt salts. In Denham’s 
experiments it was found that at 25° the migration number of 

































SOLUTIONS OF CUPRIC CHLORIDE AND CUPRIC BROMIDE. 1273 


copper in a 5-29 solution of copper bromide reached the strikingly 
low value —O'39. This was interpreted by assuming that in such 
solutions complex anions of the type [CuBr 4 }", [Cu 2 Br 6 ]", etc., 
carried copper out of the cathode compartment. Thus, assuming 
that the equilibrium 

Cu*' + CuBr a + 2Br 7 Cu" + [CuBiq]^ 
lies almost wholly to the right, the migration number would be 
approximately zero, whilst if appreciable [Cu 2 Br G ] 7 ions were 
present, as demanded by the equilibrium 

Cu“ + 2CuBr 2 + 2Br / = Cu“ + [Cu,Br 6 ]", 
values less than zero would result. 

The parallelism between the migration number and the colour 
of the solution is shown in table IV. 

Table IY. 

Copper Bromide in Water. Temperature, 25°. ^ 


Concen¬ 

tration. 

M. u- 

Colour. 

0-106 

0-445 

bluish-green. 

0-414 

0-440 

green. 

1-690 

0-069 

brownish-green. 

2*218 

0-052 

3-187 

-0-086 

brown. 

4-055 

-0-159 

deep brown. 

5-288 

-0-392 


On the other hand, many have sought an explanation of this 
colour-change in the hydration either of the dissolved salt or of 
the copper cation (notably Biltz, ZeitscJi. phi/sikal. Ghent., 1902, 
40, 185; Jones and his pupils, Carnegie Puhl., No. 60; for com¬ 
plete bibliography, see Zeitsch. phgsikal. Chem 1909, 65, 641). 
The solution round the cathode may thus become weaker, not only 
by the wandering away of complex anions containing copper, but 
by solvent molecules being transported into the cathodic compart¬ 
ment attached to the cation. 

That such a transport of solvent molecules attached to ions may 
occur has been proved by Washburn (Tech. Quart., 1908, 21, 
No. 2), although in the cases studied the effect of hydration on 
migration ratios is not a marked one. Moreover, in their critical 
review of migration numbers, Noyes and Falk (,/. Amer. Chem. 
Soc., 1911, 33, 1436) have shown that the true migration number 
is connected with the apparent or hydrated migration number by 
the equation 


r fTr=T + M)l 0 .lVIW L 
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where AiF 0 is the number of molecules of water transported to the 
cathode per farad ay; N =number of equivalents of salt in solution 
associated with N 0 molecules of solvent; T= ordinary migration 
number (referred to solvent, which is assumed stationary); 
fTr —true migration number referred to a non-migrating 
substance. 

If one accepts the hydration value obtained by Jones (Carnegie 
Publ No. 60, p. 85), this correction in concentrated solutions is 
of the order of 5—10 per cent., and therefore negligible in the 
light of the marked negative values obtained. 

The effect of such a “hydration” effect will naturally be the 
more noticeable in concentrated solutions, but Bein’s results 
(Zeitsch . physikal. Chem 1898, 27, 50) for calcium chloride—a 
salt which, according to Abegg and Bodlander’s complex theory 
(Zeitsch.- anorg. Chem., 1899, 20, 453), should not form complex 
anions, and, according to Jones (loc. cit.), has a strongly hydrated 
cation—show how small this probable hydration effect is. 

# 

Chlorine, Tempera- 


per cent. ture. no a . 

0-039 22° 0-447 

0-42 24 0-405 

0-99 21 0-390 


Dorman and Bassett’s theory postulates that the formation of 
the complex anion in solutions of copper and cobalt salts is attended 
by the absorption of heat, that is, it is favoured by a rise of 
temperature. Thus a solution of cobalt chloride in alcohol, which 
is blue at the ordinary temperature, becomes pinkish-red on cool¬ 
ing to —79°. If this is the case, an increase in temperature should 
bring about a decrease in the migration number due to the 
equilibrium. 

2Br' + aCuBr 2 [( CuB g)*J 
.being driven to the right. V 

On the other hand, the effect of increasing temperature on a 
hydrated ion will be in all probability to cause a dissociation into 
..a' less hydrated or even an anhydrous' ion (Lewis, Zeitsch. physikal. 
■Ohem.p 1905, 52, 222; 1906, 56, 223; Biltz, loc. cit .; Jones, loc. 
cit.). Jones and West have measured the temperature-coefficients 
of a large number of salts of varying degree of hydration, and they 
have concluded that: 

(1) The temperature-coefficients of aqueous solutions of electro¬ 
lytes are greater the greater the hydrating power of the electrolyte. 
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(2) This large increase in conductivity with rise of temperature., 
in the case of salts forming hydrated ions, is due, in part, to the 
decreasing complexity of the hydrates formed around the ions. 

Consequently, the equilibria 

Cu(H 2 0) a; " — Cu(H 2 0);:, + 7/H 2 0 =0 u" + H 2 G. 
will he driven to the right, and abnormally low migration numbers 
must consequently tend to approach the normal value (0*4 approx.) 
with rise of temperature should the abnormality arise from a 
hydration effect. 



Concentration. 


In the diagram, the experimental results for copper bromide in 
alcohol are plotted as a typical example of the definite influence 
of temperature on the results. 

These curves and the tables bring out clearly the rapid decrease 
in the migration number :as the temperature of the solution rises 
in precise agreement with the demands of the complex theory, in. 
direct contradiction to the. demands of Jones’ hydration theory,. 

■■ ; Moreover, .the following .results, of Bein for salt solutions, wherein 
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complex formation is scarcely to be expected, bear out the conten¬ 
tion that the temperature has very slight influence on the cathodic 
migration number, even where the evidence of Jones and others 
indicates that such ions are more or less hydrated. 


Calcium Chloride. 

Chlorine, 

Tempera¬ 

per cent. 

ture. «Ca- 

0-42 

24° . 0-405 

0-42 

97 0-426 

0-77 

20 0-395 

0*85 

94 0-451 

Lithium Chloride. 

Chlorine, 

Tempera¬ 

per cent. 

ture. Uu. 

0-036 

20° 0-371 

0-036 

97 0-389 

0-20 

25 0-324 

0-20 

97 0-381 


The most convincing evidence of the presence of auto-complexes 
in the solutions under discussion is, however, afforded by a con¬ 
sideration of the cathodic copper deposit. In a solution of a 
copper salt, the mechanism of the electrode process may be repre¬ 
sented by any one of the three equations: 


Cu” —Cu*+0 .(1) 

Cu* —+ Cu +© . (2) 

Cu” —> Cu +20..(3) 


or. assuming hydration: 


Cu<H s Oy -> Cu(H f 0);+(*-y)H > 0 + © . . . (la) 

Cu{H s O)/ -> Cu + yH 2 0 + ©.(2 a) 

Cu(H 2 0)a,” —> Cu + «H o O + 20.(3a) 


(see Foerster and Seidel, Zeitsch. anorrj. Chem., 1897, 14, 106; 
Foerster and Coffetti, Zeitsch. Mehtrochem., 1904, 10, 736; Bose, 
ibid., 1898, 5, 163; Heiberg, ibid., 1903, 9, 137; Abel, ibid., 1903, 
9, 268; Bodlander and Storbeck, Zeitsch. anorg. Chem., 1897, 14, 
106; Luther, Zeitsch. physical. Chem., 1900, 34, 488; 1901, 36, 
385; "Wohlwill, Borcher’s <f Elektrometallurgie/' 3rd Ed., p, 198). 
Should equation (3) or (3a) represent the cathode process, the 

ratio ^coppei deposited whilst any of the other 

weight or silver m voltameter 

equations would lead to the value 0‘590. Table V shows how 








SOLUTIONS OF CUPRIC CHLORIDE AND CUPRIC BROMIDE. 1277 

much the experimental values differ from these. In this table, the 

last column gives the ratio • ™S ht deposited _ 

weight of silver in voltameter 


Table V. 


Tempera- 

Salt. Solvent. ture. 

CuBfo -water 35° 

„ " „ 35 

„ „ 35 

„ „ 35 

„ 45 

„ „ 45 

„ „ 45 

CuClo „ 35 

„ „ 35 

„ „ 35 

„ „ 35 

„ » 45 

„ „ 45 

45 

„ „ 45 

CuBr» alcohol 35 

,, „ 35 

„ „ 35 

» „ 45 

„ „ 45 

» »* 45 


Concen¬ 


Cu 

tration. 

tk : ». 

Ag. 

0-36 

0*32 

0-44 

0-76 

0*16 

0-48 

1-60 

0*05 

0*002 

3-60 

-0*35 

0-000 

0*36 

0-19 

0*44 

1*60 

-0*18 

0*00 

3-60 

-0-88 

0*000 

0*25 

0*34 

0*324 

0*75 

0-24 

0-308 

2*00 

0*181 

0-090 

4*00 

-0*57 

0*000 

0*25 

0*225 

0*317 

0*75 

0*135 

0*177 

— 

0*01 

0*123 


-0*4 

0*000 

0*21 

-0*51 

0-134 

0*43 

-0*60 

0-115 

1*30 

— IT 

0*165 

0*21 

-0*77 

0*095 

0*43 

-0*90 

0*125 

1*17 

-1*35 

0-219 


These figures show that in dilute aqueous solutions much of the 
current is carried by the discharge of cupric to cuprous ions, and, 
indeed, actual observation showed that the deposits consisted of a 
heterogeneous mixture of copper and cuprous haloid salt. In such 
solutions, the electrode processes included in the equations (1) and 
(3), or, assuming hydration, (la) and (3a), prevail, the cuprous 
ion being immediately precipitated as the insoluble chloride or 
bromide. The extent to which either process occurs has been shown 
by Seidel and others (loc. cit.) to depend on the variables, tempera¬ 
ture, concentration, current density, and concentration of acid, 
and will in no way be influenced by the presence of hydrated ions 
in solution, whether those solutions are concentrated or dilute. In 

Cu 

many of the more concentrated solutions, however, the ratio 

■**■§ 

shows no quantitative agreement with Faraday’s laws, whether the 
reduction to cuprous ion or to copper itself occurs, or both. In 

a number of experiments, the ratio —- falls to zero, that is, no 
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copper or cuprous salt whatsoever is deposited on the cathode. 
This abnormality, incapable of explanation as it is by the hydra¬ 
tion theory, may be satisfactorily explained by the theory of auto- 
complexes. In concentrated solutions, such equilibria as 

Cu” + £rCuBr 2 + 2Br / = Cu” + p° uB ^*J 

are postulated, the undissociated salt, of relatively weak electro- 
affinity, being forced into a complex anion. As the cuprous ion, 
however, possesses a more noble potential than does the cupric ion, 
that is, have a weaker electroaffinity, the cuprous salts, according 
to Abegg and Bodlander’s complex theory (Joe. cit.), will be more 
readily forced into a complex than the corresponding cupric salts 
(Donnan, Abegg’s “ Handbuch,” Kupfer, p. 517). In concentrated 
solutions, seeing that no metallic copper or copper salt is precipi¬ 
tated on the cathode, the current must be wholly carried in the 
following way: 

Cu” —> Cu’ +0 

(possibly Cu(H 2 0)*’ —> Cu(H 2 0)’ + (a3-#)H 2 0 + 0): the cuprous 
salt, however, instead of being thrown out of solution, as happens 
in the more dilute solution, and as demanded by the hydration 
theory, forms a soluble cupri-cupro-salt with the cupric salt already 
in solution. It is precisely in those solutions where the absence of 
deposit on the cathode occurs, that the migration number is so 
strongly negative. The soluble nature of this cupri-cupro-salt, 
coupled with the markedly negative migration number, points very 
strongly to the assumption that such a reaction as the following 
occurs: 

Cu” + 2Br' + tfCuBr d Cu” + ^ 0uB ^]". 

In further confirmation of the views here put forward, a migra¬ 
tion experiment was carried out in a U-tube, first with 4A-cupric 
chloride, and secondly with 4iY-cupric chloride which had been 
warmed with cuprous chloride, these lower layers being covered by 
i\ T /IQ-cupric chloride. In both cases, the brown boundary moved 
towards the anode. 

Summary , 

(1) The effect of temperature and concentration on the migration 
number of solutions (aqueous and alcoholic) of copper bromide and 
chloride has been investigated. 

(2) The effect of increasing temperature and concentration is to 
cause a marked drop in the migration number of the copper ion, 
which in concentrated solutions approaches —I in value. 



COIjLIODATj electrolytes : SOAP solutions as a type,, 1279 


- (3) The formation in concentrated solutions of soluble cupri- 
cupro-taloid salts at the electrode of the migration vessel has been 
proved. 

Department of Chemistry, 

University qe Queensland, 

Brisbane. [Received, October llth , 1919.] 


QXDL —Colloidal Electrolytes: Soap Solutions as a 

Type. 

By James William McBain, Mary Evelyn Laing, and 
Alan Francis Titley. 

Based on the extensive data obtained from the study of soap 
solutions in this laboratory since 1908, McBain and Salmon have 
defined a new class of compounds, colloidal electrolytes, to which 
a very large number of substances of great industrial importance 
may be expected to belong. This comprehensive group is defined 
as comprising salts in which one ion has been replaced by an ionic 
micelle of high valency, mobility, conductivity, and degree of 
solvation. Regarded from another point of view, this means 
that any colloid which carries electrical charges will in some 
measure approach the behaviour of a typical colloidal electrolyte. 
Light is also shed on the properties of colloidal solutions which 
contain acids, bases, or salts, or to which these have been added. 
The consistent application of this point of view leads to an ionic 
micelle theory of all charged colloids; the current assumption that 
the other charge is carried by the solvent is replaced by the hypo¬ 
thesis that free ions of charge equal and opposite to that of the 
charged colloid are present in the sol or gel. 

Soap was chosen as the subject for investigation, not only 
because of its industrial importance, but because of its known and 
definite chemical simplicity and constitution as compared with dyes 
or protein derivatives, etc. Furthermore, chemical literature con¬ 
tained apparently irreconcilable data obtained by a number of 
well-known authorities, such as Krafft, Smits, and KaMenberg. 
These either assumed that soap was an ordinary neutral colloid, or 
else, on the contrary, an electrolyte which had suffered extreme 
hydrolysis with the formation of colloidal residue suspended in a 
strongly alkaline solution. Each investigator, moreover, con¬ 
sidered that the whole problem was solved. 

Now it is demonstrated through the .measurements of con- 
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dactivity, osmotic activity, and alkalinity of soap solutions com- 
mmiicated from this laboratory that in concentrated solution the 
soaps are typical colloidal electrolytes. On dilution, they gradu¬ 
ally break down into simple salts. In extreme dilution, acid soaps 
separate out through hydrolysis. Both catalytic and electro¬ 
motive force measurements have shown that, except in extreme 
dilution, hydrolysis is a very minor consideration, the hydroxyl ion 
being present to the extent of only about iV/1000. 

The argument for the existence of the ionic micelle was as 
follows: In all concentrations the conductivity is high and the 
osmotic activity, which was measured by the unexceptionable 
method of dew-point lowering, is only moderate. Hence, in con¬ 
centrated soap solutions, even if all the osmotic activity is ear¬ 
marked for the potassium, sodium, or ammonium ion, nearly or 
quite half of the conductivity remains to be accounted for. This 
conductivity must evidently be ascribed to some constituent that 
does not exert appreciable osmotic pressure and that therefore 
must be colloidal. One of us (J.W.M., Trans. Faraday Soc... 1913; 
9. 99; Eolloid ZeitscJi., 1913, 12, 256) has shown how this is 
.possible and probable by applying the principle of Stokes’s law to 
the hypothesis of a heavily charged, heavily hydrated ionic micelle 
which would exhibit excellent conductivity and high viscosity at 
the same time. 

Although our investigation of soap solutions has only reached 
its first stage, it has been possible on the basis of the above reason¬ 
ing to set up a comprehensive theory which explains and reconciles 
all the mass of data of the most diverse sort which has already 
been accumulated. The various details of this theory, beyond the 
rough outline given above, will be mentioned and discussed in 
turn as we come to the new and confirmatory experimental 
evidence described below. 

This communication presents measurements of the freezing point 
and conductivity of nearly all the soap solutions which can he 
studied at 0°. Such comprise solutions of the potassium salts of 
the saturated fatty acids up to and including the laurate (C 12 ) in 
all concentrations, and of the sodium salts up to the octoate (0 8 ). 
Further, the values for potassium oleate can be measured up to 
O'SiT (0*8iY is a solid jelly at the ordinary temperature), and 
sodium oleate up to 0'4if, a solution which is already quite 
viscous.'*' All other sodium, potassium, and ammonium soaps 

"A ; 'The stable form of. the sodium-oleate solutions at 18° is a white curd. 
' The-conductivity at 18° of a very slightly alkaline 0 -4N n sodium oleate 
: .solution/which has. solidified to a stiff white curd is still. 95'per, cent., as .great 
as when it is a clear oily liquid at the same temperature.—M. E. L. • 
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gelatinise, crystallise, sediment, or solidify at temperatures between 
10° and 90°, as the case may be. Even potassium laurate and 
decoat© usually separate out at above 0°. This is another reason 
why our chief experimental work hitherto has had to be carried 
out at 90°, in spite of the greatly increased difficulties entailed. 

The Conductivity of Soap Solutions at 18°.* 

In all our experiments, the precautions described in previous 
communications were observed. All instruments and vessels were' 


Fig. 1. 



cyrru 

Cell, for good conductors. 

standardised. The soaps were likewise prepared from potassium 
drippings and fatty acids by methods previously described. Con¬ 
centrations are expressed in weight normality, N w (mols. per 1000 
grams of water), and in volume normality, JT Vf the latter referring 
only to the temperature of the particular experiment. 

The conductivity measurements of solutions from A/10 upwards 
were carried out in a simple and convenient cell of Jena glass of 
the form shown in Eig. 1, specially designed for excellent con¬ 
ductors. The large platinum electrodes were coated with grey 
* Expenments by_M. E. L. 
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platinum sponge, and they were lield firmly in position by glass 
rods fused to the cell wall and to each corner of the platinum. 
The cell constant was 13-20. The conductivity water possessed a 
specific conductivity of X — 2x 10 -6 , for which no correction was 
made. Solutions from W /10 downwards were studied in the boro- 
silicate cell described by one of us (M.B.L., T., 1918, 113, 245). 
The two cells gave identical values for the F /10-solutions. 

The results are recorded in tables I—IV. The first column gives 
the weight normality, F w , of the soap; the second, the volume 
normality at 18°, F v ; the third, the values obtained for the specific 
conductivity, k, the values given being the final results from 
wholly independent solutions; * the fourth,f the density, D; 5 ; the 
fifth, the equivalent conductivity, A; the last column, the apparent 
degree of dissociation, «, where a=p, y //ji co , being taken as 
equal to 85'4 for potassium salts, except the n-octoate (88*2) and 
sodium oleate (64*3). 

Table I. 


Conductivity of Potassium Laurate at 18*00°. 


N. w : 

N v . 

its. A. 

a. 


2-000 

1*378 

0-05947 43*14 

0*605 


1-500 

1*118 

0-05131 45*80 

0*636 



* - 

(0*038241 « 

0*03889 V 47*09 



1-000 

0*820 

0*551 




1 0*03866) 



0-750 

0*641 

0-03032 47-21 

0*553 


0-500 

0*449 

0-02042 45-44 

0-532 


0-400 

0-367 

0-01822 44-22 

0*618 


0-200 

0-191 

(0-0079841 4 .„ 

1 0-007984 f 41 77 

0-489 


0-100 

0-098 

(0*004322ij 

10*004299/ 44 ” 03 

0-516 


0-050 

0-049 

0-002713 54*89 

0*643 


0-0247 

0-024 

0*001702 68-74 

0-805 


0-010 

0-010 

0-0007539 75*44 

0-883 




Table II. 



: Conductivity 

of Potassium Oleate at 

18-00°. 


N„> 

N,, 

k, — Df. 

A. 

a. 

0-600 

0-540 

{S' '-M™ 

37*25 

0*436 

0-400 

0*383 

0-01304 1-0030 

36*72 

0*430 

0-200 

0-188 

0-006248 0-9909 

33-30 

0*390 

0*100 

. 0*097 

0-002877 0*9996 

29*74 

0-348 

, 0*060 

0-049 

0-001451 0-9991 

29-57 

0*346 

A732 

0*031 

0*001035 0*9989 

33-32 

0-390 

0-010 

0-008 

0*0004198 0-9987 

51*95 

0-608 

* One preparation of oleic acid gave quite colourless clear soap solutions. 

fee other pale yellow solutions* 



t Omitted in Tables I and IV, as new determinations were not required. 
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Table III. 

Conductivity of Sodium Oleate at 13 - QQ°. 


N w . 

N v . 

K. 

Df. 

A. 

a. 

0-600 

0-510 

0-01104 

1-0050 

21-67 

0-337 

0-400 

0-357 

f0-007362; 

\0-007476/ 

1-0020 

20-SO 

0*323 

0*200 

0-197 

f 0-003994 \ 
\G-003855/ 

0-9997 

19-77 

0-307 

0-100 

0-099 

0-001922 

0-9993 

20-46 

0-318 

0-050 

0-049 

0-0009966 

0-9987 

20-59 

0*320 

0-010 

0-010 

0-0002956 

0-9986 

30-09 

0-468 



Table IV. 



Conductivity c 

'/ Potassium n 

-Octoate at 18‘0Q°. 


N w . 

N v . 

K. 

A. 

a. 


2-000 

1-601 

0-06757 

42-24 

0-479 


1-000 

0-895 

0-04208 

48*60 

0-551 


0-750 

0-690 

0-03345 

49-75 

0-564 


0-500 

0-472 

0-02455 

53-00 

0-601 


0-200 

0-198 

0*01185 

63-05 

0-715 


0-100 

0-099 

0-006456 

09-50 

0-788 


The density in every case is very slightly greater than that of 


water, as is always observed for potassium and sodium salts of the 
lower fatty acids. 

Some of these solutions have been measured at neighbouring 
temperatures by other investigators with fewer experimental pre¬ 
cautions (Kahlenberg and Schreiner, Zeitsch, vhysikal. Chem., 
1898, 27, 552; Dennhardt, Dus., 1898; Ann. Phys. Chem., 1899, 
[iii], 67, 325; Kurtzmann, Diss. f 1914; Roll. Chem. Beihefte. 
1914, 5, 485; Beychler, Eighth International Congress of Applied 
Chemistry), Their results differ more or less irregularly from 
ours by amounts varying from 0 to 30 per cent, in both directions. 
The smaller differences are chiefly attributable to alkali dissolved 
from the glass, an important source of error in the study of soap 
solutions (see McBain and Taylor, loc. cit., on whose exact study 
the validity of these experiments is based). On the whole, the 
agreement is substantial, and our results are probably accurate to 
about 1 per cent., with the possible exception of sodium oleate. 

The effect of time is of the order of magnitude of 1 per cent., 
but all our solutions were kept for several days at the ordinary 
temperature to allow them to become quite constant before being 
measured. The data refer to clear solutions- in. every case,- except 
A/ 20-potassium laurate, which is always cloudy. Thus many of 
these solutions are supersaturated or metastable with respect to' 
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the separation of indefinite acid soaps. The latter dissolve on 
warming, and the metastable solutions can then be preserved for 
long periods. 

The Explanation of the Good Conductivity of these Colloidal 
Electrolytes , together with their Anomalous Maxima and 
Minima } by Means of the Hypothesis of the Ionic Micelle. 

It will be recollected that hydrolysis has been shown to occur 
to only a slight extent in concentrated solutions of soap, so that 
in any case it cannot be adduced to explain an appreciable part 
of the good conductivity exhibited by soaps (and by hexadecane- 
sulphonic acid and its salts). This must find another explanation. 

The conductivity results are best discussed by showing them in 
the form of a graph for comparison. This is done in Fig. 2, where 
the equivalent conductivities are plotted as ordinates against the 
concentration, N v , as absciss®. The figure also includes curves for 
the results of the higher potassium soaps at 90°. 

The most striking point about these curves is that they represent 
moderately good conductivities even in concentrated solutions. 
Indeed, in many cases the conductivity curve, after passing through 
a minimum, rises on further concentration to a maximum, a 
phenomenon otherwise unknown in any aqueous solution,* except 
for Reychler's hexadecanesulphonic acid, which is also a soap {Bull. 
Soc. ci him, JBelg., 1913, 27, 113). This effect is more pronounced 
at 18° than at 90°. Again, for any one saturated fatty acid, the 
potassium salt exhibits this behaviour to a distinctly greater degree 
than does the corresponding sodium soap. The oleates differ 
entirely from the soaps of the saturated fatty acids ill that sodium 
oleate is a very much more typical soap in this respect. 

The existence of the minimum as an experimental fact has shown 
that on further increase of concentration the changes effected are 
such as to increase the conductivity. This cannot possibly be due 
to dissociation suddenly increasing again for a limited interval, 
nor can it be due to free hydroxyl ions, since the latter factor is 
negligibly small. 

The increase of conductivity with increase of concentration must 
therefore be due to the replacement of the simple laurate anion 
by an ionic micelle of higher mobility. Thus the effect of decreas¬ 
ing dissociation is more than counterbalanced by this replacement. 
Finally, however, a maximum is reached where the steadily 

Sloan (J. Amer . Ghem, Soc., 1910, 32, 946) finds that at 0° the equivalent 
conductivity of aqueous potassium iodide is constant over a considerable 
range of concentration. 
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diminishing dissociation of the colloidal electrolyte itself over¬ 
balances all other factors. That the conductivity of the ionic 
micelle is greatest in concentrated solutions, where its hydration 
is least, will be discussed below. 


Fig 2. 



Equivalent conductivity of soap joluiions at 18° and at 90°. 

The position of the minimum at the ordinary temperature is 
still only at if/5, but the greater formation of ionic micelle is 
evinced by the quite slow rise of the curve on dilution at the solu¬ 
tion if/10 as contrasted with its rapid rise at 90°. This behaviour 
was predicted by McBain and Salmon, as was also the fact that 
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the minimum for potassium oleate occurs between Nf 10 and iF/20 
owing to tlie greater tendency of this higher soap to form micelle. 


The Temperature-coefficient of Conductivity of Solutions. 

The behaviour just described is in accordance with the abnorm¬ 
ally high temperature-coefficient of conductivity in soap solutions, 
a property which was formerly ascribed to rapid increase of hydro¬ 
lysis on heating, but is now seen to be the result of diminishing 
hydration of the ionic micelle with rise of temperature. 

The influence of concentration on the temperature-coefficient of 
the conductivity may be analysed by the use of table V, which 
gives the ratios between the values at 90° and at 18°, together 
with those of a few electrolytes for comparison. Kurzmann (Joe. 
cit.) has already pointed out that for a 0*62F-patassiUm oleate 
solution the conductivity rises three-fold between 20° and 90°, 
whilst the viscosity falls four hundred-fold. 

Table V. 


Ratios between Conductivities at 90° and 18°. 


Salt. 


0*05 N w . 

0*1 N w . 

0*2 N w . 

0*5—0 -6N W 

. 1*0 N, e . 

2-0 N,„. 

Sodium acetate ... 

3-25 

3-22 

3*19 

3*13 

3-12 

3*14 

3-33 

Potassium acetate 

2-88 

2-85 

2*82 

2*79 

2*75 

2*79 

2-98 

Sodium hydroxide 
Potassium 

2-53 

2-46 

2*46 

2*44 

2*45 

2*50 

— 

hydroxide 

— 

— 

— 

— . 

— 

2*22 

_ 

Potassium octoate. 

— 

— 

2*95 

3*03 

3*18 

3*06 

— 

„ laurate 

3-09 

3-56 

3*62 

3-45 

3*22 

3*04 

2*86 


It is evident from table V that for electrolytes the ratio between 
the conductivities at 90° and 20° do not vary much with change 
of concentrationj although they make a flat curve with a minimum 
at about half normal. Further, the values for so'dium salts are 
in every case 0'3 unit, or about 10 per cent, higher than for the 
potassium salts. Soaps, on the other hand, possess higher values 
than the corresponding potassium electrolytes, and they exhibit an 
opposite behaviour in that the ratio for the temperature effect is 
a maximum in medium concentration. Kuramann’s ratios, as far 
as they .go, .appear, to parallel ours, but are 0*3 to 0*4 unit lower. 

The customary temperature-coefficients of conductivity involve 
three, separate, factors for any. electrolyte' .and’ five for a colloidal 
.electrolyte. ■ The first,two are the specific mobilities of the two 
; : ionsb:of : #hich those with lowest mobility have the highest tempera¬ 
ture-coefficient, the third is the change of dissociation with 
temperature, whilst in the case of a colloidal electrolyte there is 
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the further factor of the change in equilibrium between ions and 
ionic micelle in addition to the temperature-coefficient of the latter 
itself. The more exact analysis is simple for electrolytes, but must 
remain in abeyance for the soaps until we have obtained the 
further experimental data contemplated. The higher temperature- 
coefficient for sodium ion is in accordance with the recognised 
probability of its hydration being greater than that of potassium, 
and that the same factor of hydration would explain the data for 
soap solutions. The increase of colloid with lowering of temperature 
is also a factor which might conceivably operate in either direction 
according as to whether this is increase of highly mobile ionic 
micelle or increase of neutral colloid at the expense of electrolyte 
and micelle. 

The other case of a colloidal electrolyte exhibiting an anomalous 
conductivity curve is hexadecylsulphonic acid (Reychler, loc. cit.), 
which exhibits a minimum conductivity of 135 mhos, (to 149 
mhos.) in iY/30-solution at 56° (or 55°), but it has been measured 
only up to N /15-solution. Indeed, it is tantalising in the extreme 
to note how many promising cases of colloidal electrolytes have 
been studied only in dilute solution, probably the reason why this 
type of behaviour has not been long familiar. 


The Osmotic and Freezing-point Methods. 

These data are not nearly so accessible as one might expect for 
the case of colloidal electrolytes in which we are interested, as a 
brief examination will show. Indeed, the data of McBain and 
Salmon constitute the only satisfactory determinations hitherto 
recorded. 

The freezing-point method, which is the subject of our present 
study, is the osmotic method par excellence where it can be applied, 
but it is here surprisingly limited in its range of application. Its 
trustworthiness is undisputed, and, further, it may be made 
accurate. The boiling-point method is wholly untrustworthy in 
its application to solutions that froth and contain colloids on 
account of the effects of enclosed air, which, as McBain and Taylor 
proved experimentally, entirely vitiate the indications of the 
method, and may lead to large apparent lowering instead of rise 
of boiling point. The vapour-pressure method, even in the hands 
of Smits, led to equally erroneous results on account of the same 
unsuspected error. McBain and Taylor found that weeks of effort 
were required to obtain a single rather inexact measurement. 
Osmometer data, again, depend so much on the mode of inter¬ 
pretation that it is inadvisable to build upon such a foundation. 

VOL, CXV. 3 C ' 
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The lowering of dew-point method has been developed by McBaiu 
and Salmon, and measurements have been made of nearly a 
hundred soap solutions. It possessed the double advantage that 
it could be used at various temperatures, and that the presence of 
air had no influence on the results. It is, however, an unfamiliar 
method which has not been previously applied to the study of 
solutions. 

The existing literature consists of two measurements by Kahlen- 
berg and Schreiner of the lowering of freezing point of N / 8- and 
iY/16-sodium oleate, and the dew-point data of McBain and 
Salmon, mostly referring to a temperature of 90°. The freezing- 
point measurements here presented were carried out in order to 
study the effect of temperature and obtain further corroborative 
evidence by this independent method* 

The great difficulty is to measure the soaps while in the form 
of homogeneous solution. On cooling in the freezing apparatus, 
they usually become turbid, with the formation of fine, white or 
colourless, crystalline flakes, presumably of somewhat acid soap. 
This may often be avoided, and the soaps can be measured in the 
metastable condition. It should be noted that they are only a 
few degrees below the temperature at which the homogeneous form 
of the system constitutes stable reversible equilibrium. Indeed, 
perhaps the most important fact for the whole study of soap solu¬ 
tions is that the solutions constitute perfect reversible equilibria in 
which colloid, micelle, and crystalloid alike participate (see McBain 
and Taylor, lac. cit.). Incidentally, this would lead us to infer 
that colloidal systems in general represent the equilibria much 
more often than is usually recognised, owing to the conditions not 
being kept constant. 

Two methods were used, namely, the ordinary one of Beckmann 
and that of Richards ( Zeitsch. physikal. Chem., 1903, 44, 563; 
J • Amer. Chem. Soc., 1903 , 25 , 291 ). The latter is the quickest, 
and probably also the most accurate, of the precision methods, and 
it had ; been shown to be capable of yielding results accurate to 
about 0*0003°. It consists of the use of a Dewar vacuum vessel 
surrounded by a bath of the-freezing, temperature, and containing 
a solution which is full of "finely powdered pure ice. When, after 
stirring, equilibria is attained, a portion of the solution is. with¬ 
drawn for analysis. For the latter we used either a Zeiss interfero- 
.. .meter'dn conjunction with a .graph'.prepared .from standard solu- 
lions,',or ..else we evaporated .the solutions to- dryness and. weighed 
the - residue.' .' v The : /former method, for example, is suitable for 
potassium acetate, the latter for potassium laiirate. Although our 
object was not great accuracy, but chiefly trustworthiness and 
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results free from distortion, we used a standard thermometer 
graduated in five-hundredths of a degree, the scale and readings 
of which were corrected to the readings on the international 
hydrogen thermometer at the Reichsanstalt in 1913, and this 
thermometer was kept permanently at 0°. 

Results by the ordinary Beckmann method are usually much 
distorted by the effect of the low convergence temperature, which 
makes the lowering too great. In concentrated solutions, more¬ 
over, the alteration of concentration due to undercooling is very 
appreciable, and tends in the same direction. This error cannot 
readily be allowed for by the ordinary method of calculation in 
the case of soap solutions, although it is very marked, probably on 
account of the protective action of the colloid on incipient ice 
crystals. Thus, unless an inoculating rod was used, the under¬ 
cooling easily exceeded 7° for an hour at a time, in spite of vigorous 
stirring. Great care was taken to minimise undercooling and to 
raise the convergence temperature. The important point to 
remember in what followed is that the lowering observed is never 
less than the true value, but that, on the contrary, the osmotic 
effect is exaggerated. 


The Freezing-point Data. 

Table VI presents the results of the Beckmann freezing method. 
The results marked with an asterisk denote turbid solutions. The 
potassium myristate (C 14 ) separated out completely on cooling with 
marked evolution of heat; the liquid froze a few thousandths of 
a degree below 0°. 


Table VI.* 


Lowering of Freezing Point by Beckmann Method. 



0-2 N w . 

0'5N W . 

1-Otf*. 

2*0JV'„. 

Potassium acetate...... 

0-749° 

1-948° 

3-82° 

8-56° 

Sodium acetate . 

0-704 

1*774 

3-739 

8-10 

Potassium n-octoate... 

0-742 

1-860 

2-519 

3-146 

„ decoate... 

0-649 

0-752 

1-014 

— 

,, laurate... 

f 0*197 

f 0-332 

f 0-623 

{ 0-355 

* \ 0-245 

\ 0-371 

\ 0-737 

\1-460 


Also 0-75 sodium acetate, 2*740°; 1*5 sodium acetate, 5*83°; 0*05 
potassium laurate, 6*177°; 0*1 potassium laurate, 0*212°; 1*0 
sodium ra-octoate, 2*445°; 0*6' potassium oleate, 0*348°; 0*4 
potassium oleate, 0*215°; 0'4 sodium oleate, 0*146°; 0*2 sodium 
oleate, 0*095°; 3*0 potassium, n-octoate, 4-71°. 

* Experiments by M. E. L. or J, W. M- 

3 c* 
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Table VII contains the results of the Richards method, in which 
it is a matter of great difficulty to avoid separation of soap with 
resulting turbidity. Here again such solutions are designated by 
an asterisk. Many unsuccessful attempts were made to measure 
clear la urate solutions until, finally, in one case a solution which 
had been carefully frozen without becoming turbid was introduced 
in this form and stirred very slowly until the temperature was 
constant; the liquid then withdrawn was clear. 


Table VII* 

Lowering of Freezing Point ( corr .) by Richards’ Method. 


Potassium 

Potassium 

Potassium 

Potassium 

acetate. 

acetate. 

oleate. 

laurate. 

0-824#* 

, 2*934° 

0*323#„, 

1*120° 

1*196#* 

0*117° 

G-6S4AV 

0-381 c 

0*718 

2*522 

0*316 

1*102 

0*095 

0*088 

0-569 

0*337 

0*538 

1-890 

0*292 

1*007 

0*065 

0*064 

0*491 

0*304 

0*529 

1*830 

0*258 

0*882 

Potassium 

0*175 

0*182 

0*488 

1*712 

0*234 

0*800 

w-oetoate 

0-124 

0*168 

0*469 

1*635 

0*206 

0*690 

, - *— 

■ - ^ 

0-0829 

0*154 

0*425 

1*490 

0*169 

0*588 

0*811#* 

2*367 

0*0361 

0*120 

0*378 

1*324 

0*146 

0*507 

0*509 

1*912 

0*456 

0*328 

0*352 

1*230 

0*113 

0*404 

0*405 

1*534 

0*262 

0*242 

— . 

— 

— 

■ — 

0*269 

1*004 

0*121 

0*203 

,— 

— 

— 

— 

0*169 

0*610 

0*093 

0*164 


The values obtained by the Beckmann method are in many 
cases higher than the more accurate data of table VII. Further, 
the data for solutions which have become turbid through separation 
of solid are distinctly less than those for clear solutions. 

The lowering of freezing point indicates the total concentration 
of crystalloid. This is shown in table VIII for round concentra¬ 
tions, in most cases making use of the data of table VII in prefer¬ 
ence to those- of table VI, and, of course, taking only the data for 
clear solutions. The numbers are obtained by dividing the lower¬ 
ings by 1-858, the cryoscopic constant for water. 


Table VIII. 

Total Concentration of Crystalloid in these Solutions. 


0*1V TO , 0-2V*. 0-4V w . 0 -5N W . Q*6A r M * bON w . 2*0 N w 

Potassium acetate. 0-19 0*37 0-76 0*94 MS 2-OS 4*60 

Sodium acetate. ...... — 0*38 . 0*76 0*95 1*16 2*01 4*36 

Potassium octoate ... — 0*37 0*81 1 1-09 MS 1*36 1*603 

decoate - .i.0*35 '0*39' 0*40 0*41 0*65 — 

„ laurate ... 0*093 , 0*136 0-164 0*20 0*24 0*40 0*79 

„ oleate . 0*046 0*064 0*116 0*15 0*19 — — 

Sodium oleate ......... — 0*051 0*079 — — — — 


* Experiments by A . F. T. 
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Also sodium oetoate, 1-0N V , T32 ; potassium oetoate, 3'0 W m 

2 - 53 . 

The lowering of freezing point is so large as to be indisputable, 
although, ft is in many of the solutions less than for an electrolyte 
of the same concentration. 


Fig. 3. 



Osmotic activity (van't Hoff's ' i" factor) of soap solutions 
at 0° and at 90°. 

The Effect of Temperature on the Osmotic Activity of Soaps. 

The significance of these results is more apparent from a study 
of the results plotted graphically, as in Fig, 3, in the form of the 
value of the van’t Hoff factor “ i.” This is merely the ratio 
between the actual lowering and that predicted theoretically for 
a perfect non-electrolyte of the same concentration, namely, 1 ’858° 
per equivalent: of normality. In Fig. 3 the values of “ i” are 
plotted against total weight normality of the solution. Some of 
the values at 90° are included for comparison. 


3 c* 2 
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First, with regard to the absolute magnitude of the osmotic 
effect in concentration of the higher soaps above Nj 3, it lies 
between 1/5 and 2/5 of that for a crystalloid such as sucrose, or 
between 1/10 and 2/10 of that for an acetate. Further, the 
osmotic effect tends to be constant for concentrated solutions. At 
90°, on the other hand, the osmotic effect is several times greater, 
and it decreases rapidly with concentration up to 1*527 or beyond. 
Both facts indicate a much more complete formation of colloid at 
the lower temperature. 

Secondly, the familiar general influence of hydration in magnify¬ 
ing osmotic effects is clearly apparent in the data for the acetates, 
which in turn stimulate complete dissociation in concentrated solu¬ 
tion. The effect of hydration is much more in evidence at 0° than 
at 90°. 

The oetoate is particularly interesting in its intermediate posi¬ 
tion in the homologous series as in its behaviour. In solutions up 
to N j 2, it is quite like the acetate, although with even greater 
apparent hydration. From NJ 2 upwards, however, it rapidly and 
steadily falls, like the decoate at 90 °, until the osmotic activity 
is only 0*85 that of a theoretical (non-hydrated) non-electrolyte. 

The Concentration of Potassion or Sodion, and the Mobility 
of the Ionic Micelle at 18°. 

In tables 1 to IY, values were given for the degree of dissocia¬ 
tion deduced from conductivity based on the mobilities K* = 64*7, 
Na* =43*6, Cj/* 3.4-7, C 8 ' = 23*5, C ls / = 20-7 ? <V = 20-7, where the 
fatty acid ions are indicated by the number of carbon atoms they 
contain. Our data, supplemented by those of Kohlrausch for the 
acetates, when calculated lead to the provisional concentration of 
alkali ions given in table IXa. This tacitly assumes that even 
the ionic micelle exhibits the same conductivity as the ions from, 
which it originates. An alternative basis of calculation is con¬ 
tained in table IX&, to be explained below. 


* Table IX. 

Concentration of Potassion or Sodion at 18°. 
(a) Assuming Ordinary Ionic Mobilities. 


Substance. ■ 

0-1Y. 

02N. 

0-4Y, 

0-5N. 

0-6Y. 

1-0JV. 

2-027. 

Potassium acetate... 

.. 0-084 

0-159 

0-298 

0*360 

0-422 

0-634 

1-002 

Sodium'acetate 

.. 0-069 

0-129 

0-235 

0-278 

0-324 

0-467 

0-680 

Potassium oetoate 

.,0-079 

0-143 

0*251 

0-300 

0*350 

0-551 

0*958 

,, : ■ laurate : - 

0-052 

0-098 

0-207 

0-265 

0*324 

0*551 

1*01 

'/" oleate ... 

... 0-035 

0-078 

0*172 

0*217 

0*262 



Sodium oleate ...... 

... 0*032 

0-061 

0*129 

0-165 

0-192 

: ; —- ' 

"..A-b" 
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Table IX. {continued). 

(b) If Ionic Micelle, has the same Mobility as Potassion. 


Substance. 

0-1F. 

0*2F. 

0-4F. 

0-5 N. 

0-627. 

1-0F 

2-OF. 

Potassium octoate . 

... 0-079 

0-143 

0-251 

0-300 

0-342 

0-504 

0-822 

,, laurate . 

... 0-034 

0-065 

0-137 

0-176 

0-214 

0-36 

0-86 

,, oleate .... 

.. 0-023 

0-051 

0-114 

0-143 

0-173 



Sodium oleate . 

... 0-019 

0*037 

0-077 

0-098 

0-120 

— 

— 


Taking, first, the tentative results of table IXn for the oleates 
and laurate, and comparing them with the data of table VIII, it 
is at once apparent that the supposed concentration of potassion 
or sodion greatly exceeds the total concentration of crystalloidal 
matter present, except for the most dilute solutions. Thus, for 
O'^-solutions, the discrepancies amount to about 0’05i\ r . 

We are forced to revise the assumption made with regard to the 
conductivity of the ionic micelle, and to ascribe to it a conductivity 
equal to that of the potassion if conductivity and osmotic measure¬ 
ments are to be harmonised at all. In table 1X6, then, the con¬ 
ductivity data are calculated on the assumption that the ionic 
micelle has an equivalent conductivity of 64*7, which is more than 
three times as great as that of the true oleate or oleate ion. This 
is, however, in agreement with the theoretical considerations 
advanced by one of us (J.W.M., Trans. Faraday Soc. } 1913, 9, 
99j Kottoid Zeitsch., 1913, IS, 56), and already applied by one 
of us in a previous communication with Salmon (foe. cit.). It 
was found necessary to make a similar assumption in the case of 
concentrated solutions at 90°. 

Once again it is necessary to recall that the known sources of 
distortion of the experimental data operate in such direction as 
to emphasise the argument on which our conclusions are based. 
Thus, owing presumably to hydration, osmotic data in general are 
obviously paagnified (see, for example, Landolt-Bornstein 
“Tabelle.n,” where apparent dissociation frequently exceeds 100 
per cent.). Again, high viscosity is conceded to have the effect 
of diminishing apparent conductivity. Yet, in spite of this, the 
outstanding experimental result is that in soap solutions the 
osmotic effect is only sufficient to explain about half of the con¬ 
ductivity exhibited. 

The effects just discussed for the case of ordinary electrolytes 
are exemplified in the usual unmistakable fashion by the results 
for the acetates and the more dilute solutions of the octoate. In 
these cases, the osmotic activity as measured considerably exceeds 
the total predicted from conductivity. In the more concentrated 
solutions of octoate, however, the soap character predominates 
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sufficiently to mask this, and they show more than 50 per cent, 
of colloid (see below, table X). 

In this intermediate case of potassium octoate in table 1X6 
use was made of Pig. 3 in computing the average mobilities of 
the varying mixtures of ions and ionic micelle here present. For 
solutions between 05 and 2*0iY, it was simply assumed that 
varied linearly with the i value from 88-2 for i —2 - 00 to 108-3 for 
i = 0*4Q, This is a first approximation pending the results of 
actual measurements of migration now being carried out with soap 
solutions. 


The Amounts of Crystalloid and Colloid in Soap Solutions. 

The total amounts of crystalloidal matter other than potassion 
or sodion are obtained by subtracting the numbers in table 1X6 
for sodium or potassium from those of table VIII for total crystal¬ 
loids; the results are given in table X. Further, these amounts 
subtracted from the total concentration leave the amounts which 
it is necessary to regard as colloid. Further, since the total 
amount of, say, oleate present must be the sum of crystalloidal 
and colloidal oleate, the amount of colloid is simply the total con¬ 
centration less the value for crystalloid given in table X. These 
values are collected in table XI, and the latter includes for com¬ 
parison a few results found by the dew-point method at 90°. 


Table X. 


Crystalloidal Matter other than Potassion or Sodion. 


Substance, 0-1AT. 0*2A T . 0*4 N. 0*5 A 7 . 0*6 AT. I*0iV. 2*0A T . 

Potassium acetate...... 0*106 0*211 0*462 0*580 0*708 1-390 3*598 

Sodium acetate ...... —* 0*251 0*525 0*672 0*836 1*543 3*680 

Potassium octoate ... — 0*248 0*559 0*700 0*790 *0-856 0*888 

„ laurate ... 0*059 0-071 0*027 0*02 0*03 0*04 0*13 

,» oleate . 0*023 0*013 0*002 0*007 0*014 — — 

Sodium oleate .. — 0*014 0*002 — — — — 


Table XI. 

Total Concentration of Colloid. 


Substance.' 0*1 N. 0*2 N. 0-4ALO-5A 7 . 0-6 N. bON. 2-OJV. 

Potassium::octoate/'. :—0*05 -0*06 —0*2 "—0*19 -f0*144 4-1*132 

Do. at 90° . — -0*02 — -{-0*07 — +0*28 — 

Potassium laurate 0*041 0*129 0-373 0*48 0*57 0-96 1*87 

Do. at 90° .. — -0*01 T— r *f0*22 — -f0*85 -}-l*89 

Potassium oleate../ 0*077 0*187 0*398 0*493 0-686 — — 

Sodium oleate...... — 0-186 T$> 0*398 — | — j —5 — 
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Tli© results given in tables X and XI may be summarised in 
the statement that in all but the most dilute solutions of the 
laurate, and still more so with the oleates, the soap exists almost 
entirely as colloid. The O-IA- and 0'2xY-laurate, and the 2'0A- 
cctoate, contain comparable amounts each of crystalloid and 
colloid. 

It is instructive to note that the effects of hydration are much 
less evident at 90°, which agrees well with the extensive investi¬ 
gations of H. G. Jones and others on the solvate theory. The 
results with soap solutions in general afford strong support for a 
solvate form of the dissociation theory. For instance, the change 
in hydration with temperature explains the very high temperature- 
coefficient of the conductivity of soap solution. 

The second effect of temperature is that much more colloid is 
formed at lower temperatures. This is very evident in the case 
of the higher soaps. At 90°, as at the ordinary temperature, very 
dilute solutions of soap contain but little colloid, and the soap is 
essentially in the form of a simple electrolyte. At the lower 
temperature, however, the formation of colloid sets in at much 
lower concentration. 

The combined influences just referred to are most apparent in 
the intermediate case of the octoate. Whereas at the ordinary 
temperature apparently negative concentrations are deduced for 
colloid owing to the influence of hydration, even up to 0*6A-solu- 
tion, at 90° the negative value at 0'2iV is almost within the 
experimental error, and the formation of colloid shown already at 
0'5A-solution to the extent of 14 per cent. * 

The Formulation and Concentration of the Ionic Micelle, 

As was shown, in the previous communication, the conception of 
the ionic micelle that appears most probable pending the results 
of further experiments is that it consists essentially of an aggre¬ 
gation of ordinary ions retaining their original charges. Around 
this nucleus would be condensed a large number of molecules of 
water, and probably also most of the neutral colloidal soap avail¬ 
able. This is represented in the formula 

(NaP)*(P)?> - (H 2 0) m . 

With increasing concentration, or when the dissociation is 
diminished, this must tend to alter towards neutral colloid 

(NaP)^. (H 2 Q)t». 

There was evidence for the conclusion that hydration diminishes 
and mobility increases with increasing concentration. 

We have shown how the , approximate values of the concentra- 
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tions of tli© total crystalloid and total colloid can be obtained. 
We have now to allocate the total crystalloid between on dissociated 
soap, sodion or potassion, and simple fatty ion, and the total 
colloid between neutral colloid, (NaP)*, and aggregated ions in 
the micelle, (P)” n . 

This is at present possible only between certain limits set out 
in table XII below. The first figure in each pair allocates the 
total colloid so far as possible to micelle; this cannot, of course, 
exceed the concentration of potassion or sodion, and any excess 
must necessarily be ascribed to neutral colloid. The second figure 
in each case makes the opposite assumption, allotting the total 
colloid to neutral colloid as far as possible. The maximum here 
is the total amount of undissociated soap obtained by subtracting 
the concentration of potassion or sodion from the total concentra¬ 
tion of the solutions; any excess of colloid must then be recognised 
as ionic micelle. Table XII includes previous data for the case of 
potassium laurate at 90° for comparison. Results are expressed 
in mols. per 1000 grams of water. 


Table XII. 

Measured Limits of Concentration- of Constituents of Soap 
Solutions. 

Neutral Simple Simple 

colloid, Micelle, ion, undissociated Cation. 

N w . (KPb Pjn F. KP. K. 


Potassium Octoate at 0—18°. 

1- 0 0-00—0*14 0-14—0-00 0-35—0-50 0-50—0-35 0-50 

2- 0 0-31—1-13 0-82—0-00 0-04—0-82 0-82—0-04 0-82 


Potassium Laurate at 0—18°. 


0-1 

0-01—0-04 

0-03—0-00 

0-00—0-03 

0-06—0-03 

0*03 

0-2 

0-06—0*13 

0-07—0-00 

000-0-07 

0-07—0*01 

0*07 

0*4 

0-24—0-26 

0-14—0-11 

000—0*03 

0-03—0*00 

0*14 

0-5 

0-30—0-32 

0-18—0-16 

0.00—0-02 

0-02—0*00 

0*18 

0-6 

0-30—0-39 

0-21—0-18 

0-00—0-03 

0*03—0*00 

0*21 

1*0 

0-80—0-64 

0-36—0*32 

0-00—0-04 

0-04—0*00 

0*36 

2-0 

1-21—1*34 

0-66—0-53 

0*00—0 06 

0-13—0*07 

0*66 



Potassium Laurate at 

90°. 


0-2 

0*00 

0-00 

0-10 

0*10 

0*10 

0-5 

0*00—0-22 

0-22—0-00 

0-04—0-26 

' 0*24—0*02 .. 

. 0*26 

1*0 

0*33—0*48 

0-52—0-37 

0-00—0-15 

0*15—0*00 

0*52 

2-0 

1-00—1*11 

: 0-89—0-78 

0-00—0-11 

0-11—0*00 

0*89 
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Table XII. (continued). 

Measured Limits of Concentration of Constituents of Soap 
Solutions, 



Neutral 


Simple 

Simple 



colloid, 

Micelle, 

ion. 

undissociated 

Cation 

N u , 

<KP),. 

p «n. 

F. 

KP. 

K. ’ 


1 

y otassium Oleate at 0- 

— 18 °. 


0-1 

0 - 05 — 0-08 

0 - 02 — 0-00 

0 - 00 — 0-02 

0 - 02 — 0-00 

0-02 

0-2 

0 - 14 -— 0-15 

0 - 05 — 0-04 

0 - 00 — 0-01 

0 - 01 — 0-00 

0-05 

0-4 

0 - 28 — 0-29 

0-11 

0-00 

0-00 

0-11 

0-5 

0 - 35 — 0-36 

0-14 

0-00 

0-00 

0-14 

0-6 

0 - 41 — 0-43 

0 - 17 — 0-16 

0 - 00 — 0-01 

0 - 01 — 0-00 

0-17 



Sodium Oleate at 0— 

- 18 °. 


0-2 

0 - 15 — 0-16 

0 - 04 — 0-02 

0 - 00 — 0-01 

0 - 01 — 0-00 

0-04 

0-4 

0-32 

0-08 

0-00 

0-00 

0-08 


An inspection of tlie data in table XII reveals that in the cases 
of the oleates and the more concentrated solutions of the laurates, 
the limits of concentration of each constituent are narrowly 
defined. These solutions consist almost entirely of colloid, together 
with potassion or sodion. There is more than twice as much 
neutral colloid, (K.F)*, as of agglomerated ions, P ” n ; in these 
potassium soaps and in sodium oleate there is four times as much 
(NaP) i2J as of P“ n , whereas at 90° the proportion varied between 
3/2 and nearly equal amounts. 

Once more the difference between potassium and sodium soaps 
asserts itself, a difference that is evidence for the inclusion of the 
neutral colloid in the micelle, since otherwise the micelle must be 
of identical composition in the two cases. Although there is the 
same total amount of colloid in both cases, the sodium soap con¬ 
tains only about half as much micelle. 

Comparison with solutions at higher temperatures shows that 
there is more neutral colloid present at low temperatures, pre¬ 
sumably in the micelle, and possibly in the same way that there is 
also greater hydration at the lower temperature. This accords 
also with the abnormally high temperature-coefficient of 
conductivity. 

Gmnpariscm -with' Results of Dew-point Measurements at 20°. 

We have carried out a few dew-point measurements at 20° for 
comparison, employing the method previously described. The data 
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are' given in table XIII. It will be noticed that, the data agree 
exactly with, the most accurate of the freezing-point data; the 
method is applicable at all temperatures, and therefore to all soap 
solutions. 

Table XIII. 


Measurements of Lowering of B\ew Point of Soap SolutionP 





Tem- 


Crystal - 


Soap. 


N, e . 

perature. 

Lowering. 

loid. 

cc ,-'11 

Potassium chloride ... 


1*0 N 

20 ° 

0 - 58 3 

1-99 

1-99 

„ laurate. 


0-2 

20 

0-04 

0-14 

0-70 

„ octoat© ... 


3-0 

20 

0*70 

2-41 

0-99 

„ oleat© ...... 


0-6 

20 

0-07 

0-24 

0-40 

0-2 Potassium laurate 
0-6 „ oleate 

} 


20 

0-12 

0-41 

0-51 

Ammonium laurate ... 


1 - 0 A 

20 ° 

0 - 17 ° 

0-583 

0*583 

„ palmitate 


0-5 

20 

0-08 

0*275 

0-55 


1-0 

20 

0-06 

0-206 

0-21 

,* ,, 


1-0 

90 

0-13 

0-277 

0*28 


The complicated effect possible when soaps are mixed in solution 
has been discussed elsewhere. In the case of the mixture in 
table XIII, 0*62\ r in respect of oleate and 0"2iY in respect of 
laurate, the total concentration of crystalloid is 0-41JY, as com¬ 
pared with G'38iY, the sum of that of the constituents separately. 
The conductivity- of the mixture is also 5 per cent, above that of 
the constituents, so that most of this increase may be attributed 
to formation of mixed ionic micelle. 

Ammonium Soaps. 

The study of ammonium soap prepared from palm-kernel oil 
(which is largely laurate with some higher constituents) by 
Goldsmidt and Weismann (Kollcid ZeitscJi 1913, 12. 18) has 
given very interesting results. Like the- potassium soaps, they 
exhibit fairly high conductivity, which in this case cannot possibly 
be due to products of hydrolysis. The conductivity curve differs 
greatly from those of sodium and potassium soaps in that it rises 
steadily with concentration from Q‘2N- up to 1’OX-solution by 
about 38 per cent. The rise is rapid at first, then more gradual. 
■Dilute solutions were not measured. The.rise is accompanied by 
an increase in viscosity of several hundred-fold. All these solu¬ 
tions are appreciably hydrolysed, as is shown by the increase in 
conductivity effected by addition of excess of ammonia, which in 
itself is a poor conductor. 

These results can be interpreted as showing that the simple fatty 

* Measurements by’M. E£L. 
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ion existing in more dilute solutions is being- replaced in more con¬ 
centrated solutions by the ionic micelle, wliicli is a better conductor. 
This is quit© in accord with, our conclusions, but the micelle in 
concentrated solutions must conduct as well as a good conducting 
ion, such, as potassion. 

Some dew-point measurements of ammonium soaps are given in 
the lower half of table XIII. The solutions were prepared from 
pure fatty acids. It was not considered necessary to correct, them 
for the effect of the partial pressure of the ammonia, as it was 
evidently too small. 

In warm weather, the jY- and i\ r /2-laurates were quite clear 
solutions showing none of the usual appearances of soap solutions 
except that they gave a very good lather. On cooling, the jY/2- 
laurate solution deposited feathery, crystal-like flakes; the ^-solu¬ 
tions did not do this, but in very cold weather they set to a semi¬ 
transparent jelly similar to a potassium soap. The 7v /2-palmitate 
was somewhat similar, but the iY-solution was practically solid at 
all temperatures, and resembled solid white foam. 

A glance at the results shows that, independent of the tempera¬ 
ture, there is a very large difference between ammonium laurate 
and palmitate—very much greater than that observed in potassium 
soap solutions. The total crystalloid in ammonium laurate is nearly 
50 per cent, greater than in potassium laurate, whereas in 
ammonium laurate it is much less than in ammonium palmitate. 
An appreciable fraction of the total crystalloid will be undissociated 
ammonia. 

Further investigation would evidently be well repaid, particu¬ 
larly if pur© fatty acids were used for making the solutions and 
hydrolysis were avoided, as suggested above. Enough has been 
presented to show that the relationships agree with our general 
conception of colloidal electrolytes. . 

General Conclusions and Summary. 

The theory of colloidal electrolytes defined by one of us receives 
further confirmation from the measurements of conductivity, freez¬ 
ing point, and vapour pressure of soap solutions at the ordinary 
temperatures here communicated. 

The general theory is based on the conception, justified on 
mechanical grounds, that ions may he aggregated to form the 
nucleus of a colloidal particle, termed the ionic micelle, whilst 
retaining their equivalent electrical charges. Thus the ionic' 
micelle exhibits conductivity as well as mobility even greater than 
the ions 'contained ■■.■in- it. 
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Ill the case of soap solutions, such as those of potassium, oleate, 
the ionic micelle in concentrated solutions exhibits an equivalent 
conductivity three times greater than the oleate ion and equal to 
that of the potassion. Its general formula may be taken as 
(KOI)*. (01)” n . (H 2 0), b , the amount of water of hydration 
involved being least in concentrated solutions and at higher 
temperatures. The change in hydration explains the abnormal 
temperature-coefficient of conductivity. 

The formation of colloid, in the case of higher soaps, is so com¬ 
plete at the ordinary temperature that in all ordinary solutions the 
only other constituent is the potassion, sodion, or ammonion, as 
the case may be. In dilute solutions, the soaps become simple 
crystalloidal salts, and hydrolysis becomes appreciable. 

No other representative of this very numerous and important 
group of substances has yet been completely investigated, but the 
data available for such instances as the silicates, tellurates, dyes, 
proteins, salts of alkaloids, gelatin, or casein, etc., agree with the 
requirements of the theory, which affords a fresh interpretation 
and reconciliation of the results. 

In conclusion, we desire to express our thanks to the Colston 
Society of the University of Bristol for substantial grants towards 
the purchase of materials and apparatus. 

Chemical Department, 

The University, Bristol. [Received, September 17th, 1919.1 


OXX .-—The Degree of Hydration of the Particles 
which Form the Structural Basis of Soap Curd, 
Determined in Experiments on Sorption and 
Salting Out. 

By James William McBain and Millicent Taylor. 

In 1911 we published experiments on the salting out of sodium 
palnritate by sodium hydroxide, the results of which appeared to us 
highly remarkable (Zeitsch. physikal. Chem., 1911, 76, 199, table 
IX). When the sodium palmitate was salted out, the clear solu¬ 
tion that, remained as mother liquor,'or lye, contained a higher 
concentration of sodium hydroxide than before., 

■The explanations advanced were either that the curd .which was 
■ salted''.-.out '..contained some acid sodium;. palmitate, or that very 
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pronounced negative sorption had occurred; and further experi¬ 
ments to decide this were outlined. 

It is the object of this communication to present the results of 
the first of a series of investigations which show that salted out 
sodium palmitate is hydrated, and that the curd as a whole con¬ 
sists of this hydrated solid together with entangled or enmeshed 
mother liquor. 

It is impossible to elucidate this problem merely by the direct 
analysis of the curd, since the curd contains a quantity of concen¬ 
trated lye mechanically entangled, and yet cannot be washed. 

If acid soap were present, it would nevertheless be entirely 
masked by the large amount of free alkali in the solution clinging 
to it. Methods had to he devised for distinguishing the water 
chemically or physically combined (sorbed) from that of the 
enmeshed solution, thus affording a knowledge of the composition of 
the curd itself. 

In carrying out the present experiments the concentration of the 
lye before and after salting out was determined, and this was sup¬ 
plemented by a complete analysis of the wet curds. The calculation 
is based upon the assumption that the sodium hydroxide is not 
appreciably sorbed by the hydrated curd. As will be shown, this 
leads to values which are only slightly less than the true ddgree of 
hydration. Methods of preparation employed and precautions 
observed were those previously described. 


The Method of Calculation of Hydration from Analysis of Lyes. 


If a system is made up by taking 1 mol. of sodium palmitate 
(NaP) and 1000 grams of water and 2 mols. of sodium hydroxide 
(thus 2‘000 weight-normal, N w ) and the curd separates out quanti¬ 
tatively with, say, a composition corresponding with NaP,5H 2 0, 
5 mols. of water will have been abstracted from the lye. The 
removal of 5 x18*02=90*1 grams of water from the 1000 grains 
originally present will have resulted in an increase of the weight- 
normality of the solution of sodium hydroxide from the value 
jy = 2*000 to a normality N f , where 


W 


1000 


1000-90*1 


-N. 


Hence, in general, if W is the weight of water abstracted, 

W — 1000^1 grams. 

If the weight-normality of the original sodium palmitate had been 
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N S) the hydrate or sorbed water abstracted by N s mols. of sodium 
palmitate would have been 


W 

18-02 x N s 


mols. of water, 


or 

UWTN S i 1 ~ f) mo1 -' o£ water t0 one of NaP ' 

The residual sodium palmitate in solution in the lye amounted to 
only a few ten-thousandths normal, which does not affect the 
results. ' 

Actually in most of the experiments, pure palmitic acid was 
weighed into a large silver tube and a measured volume of a concen¬ 
trated solution of sodium hydroxide was added. After sealing with 
pure silver the tube was placed in a thermostat at about 90° and 
shaken during periods ranging from ten days to three months. The 
contents were then filtered through perforated silver foil at 90°. 
In carrying out the calculation outlined above, the water formed 
by the chemical reaction between the palmitic acid and the sodium 
hydroxide was taken into account, and volume was converted into 
weight-normality. 


Hydration Results from Analysis of Lyes . 

Table I presents the data of ten experiments in which sodium 
palmitate was salted out by sodium hydroxide. The first column 
contains the number of the experiment for further reference; the 
second, the total amount, in mols., of palmitate in 1000 grams of 
water, calculated as sodium palmitate; the third, the amount of 
sodium hydroxide in excess; the fourth, the time allowed for inter¬ 
action ; the fifth, the weight-normality of the sodium hydroxide in 
the lye after the experiment; the sixth, the amount of sorbed water 
to 1 mol. of sodium palmitate. In experiment 3 (a) previously 
prepared pure sodium palmitate was added to the hydroxide; in all 
other cases palmitic acid was added direct. 


Table I. 


Hydration ' of Sodium Palmitate Cards at 90°. 


No. of 
expt. 

la 

10 


Original charge. 


NaP. NaOH. Time 

N,. N. shaken. 

0*0823 2*9470 10 days 

0*9939 2-9816 4 weeks 


.. Hydration: 
Lye, NaOH ' mols. PLO 
N\ to 1 NaP. 

3*119 3*1 

3*2189 , 3*7 


' Mean hydration = 3*4 H a O* 
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Table I. {continued). 

Hydration of Sodium Palmitate Curds at 90°. 


No. of 

Original charge. 


Hydration: 

NaP. 

NaOH. 

Time 

Lye, NaOH mols. H.,0 

expt. 

N,. 

N. 

shaken. 

N'. to I NaP. 

1 

0-9608 

1-9215 

4 months 

2-084 4-5 

3 

0-9608 

1-9216 

3 „ 

10 weeks 

2-1004 4-9 

6 

0-9337 

1-8675 

2-042 5-0 

7 

0-4949 

1-7919 

10 „ 

1-898 6-3 

Mean hydration = 5-2 H a O. 

3a 

0-5021 

1-5065 

14 days 

1-611 7-2 

2a 

0-495 

1-485 

10 „ 

4 weeks 

1-596 8-0 

11 

0-5002 

1-5006 

1-566 4-7 

12 

0-5145 

1-589 

4 „ 

1-686 6*2 

Mean hydration = 6-5 H a G. 


The results recorded in table I show clearly that there is a definite 
amount of combined water in each case, and that this depends on 
the concentration of sodium hydroxide present in equilibrium with 
the curd. Thus for 3*0, 1'9, and I’biV-sodium hydroxide solutions 
the hydration is 3*4, 5*2, and 6*5 mols. of water to X mol. of sodium 
palmitate. In other words, halving the concentration of the lye 
has doubled the degree of hydration. 

Of course, if some sodium hydroxide also is combined in the curd, 
the above numbers have to be slightly increased to give the true 
hydration values. 

The result found for curd in the presence of l‘9T-sodium hydr¬ 
oxide is confirmed by an analysis of the curd itself. One hundred 
grams of curd contained 57*66 grams of sodium palmitate, 1*681 
grams of sodium hydroxide, and 40*66 grams of water ; or, to 1 mol. 
of sodium palmitate, 0*2027 mol. of sodium hydroxide and 10*89 
mols, of water. Since the lye was shown to be l*898iV T -sodium hydr¬ 
oxide, 5*93 mols. of water are to be regarded as solvent (enmeshed 
lye). This leaves 5*0 mols. of water of hydration to 1 mol. of 
sodium palmitate, as compared with the mean result, 5*2 mols., 
given in table I. Again, it is of interest to note that this curd 
contained about equal amounts of enmeshed lye and combined 
water. 

Two further results are given in table II. Here the solution 
employed for salting out contained 2iY-sodium chloride together 
with Nj 2-sodium hydroxide and previously prepared sodium 
palmitate. 

.." ; ':Th©'"headings of the columns are as in: table I, except that a 
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column giving tlie original normality of sodium cliloride lias "been 
inserted after the third. 


Table II. 

Hydration of Sodium Paimitate at 90°. 


No. of 

Original 

Charge 


Time 

Lye 

Hydration 

erpt. 

NaP. 

NaQH 

NaCl. 

shaken. 

NaOH. 

mols H a O. 

15 

1-100 

0-5069 

2-000 

2 weeks 

0-5508 

4-4 

10 

1-000 

0-5069 

2-000 

14 days 

0-5508 

4-4 


Mean hydration = 4*4 H 2 0. 


This result, 4'4H 2 0 to INaP, where the lye is 2'5iV altogether, 
agrees excellently with the values in table I, and would make it 
appear that the hydration of the curd may be governed more by 
the concentration of the lye than by the nature of the salt employed 
in salting out. If this proves to be the case it will only be necessary 
to ascertain the molar concentration of soap lye in order to* measure 
the hydration of commercial soap curds, once a standard value for 
each type has been obtained. 

Results with sodium stearate are given in table III, showing that 
with l’43 r -sodiiun hydroxide the mean hydration is about 4’3H 2 0, 
as compared with 6oH 2 0 for the palmitate. 


Table III. 

Hydration of Sodium Stearate Curd at 90°. 


No. o£ 

Original 

Charge 

Time 

Lye 

Hydration 

expfc. 

Na stearate. 

NaOH. 

shaken. 

NaOH. 

mols. HaO, 

13 

0-4679 

1-404 

46 days 

1-444 

8-3 

14 

0-4679 

1-404 

48 „ 

1-469 

5-3 


Mean hydration=4-3 H 2 G. 


The Effect of great Pressure on the Hydration of Soap. 

In order to leave no loophole for the alternative explanation of 
the phenomena here considered, experiments were carried out in 
which the curd was subjected to a pressure of hundreds or thou¬ 
sands of atmospheres during filtration. The lye filtering through 
was, of course, concentrated sodium hydroxide, and if the solid part 
of the curd really contained acid sodium palmitate, and if the 
separation from the curd was carried far enough, analysis of the 
residual curd must show a direct deficiency of alkali. However, 
we found that the curd was always alkaline, no matter how extreme 
the pressure or how much lye had been forced out. The only Ob'- 
served effect of applying pressure to the curd, whilst allowing the 
lye ip escape, was to diminish the amount of hydration. 

The press employed, together with the thermostat in which it was 
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'fixed, is sketched in cross-section in the figure. The filter bed con¬ 
sisted essentially of sugar-carbon previously treated -with lye, but 
arranged so as to avoid contact with the soap curd as far as possible. 

The filtration, was carried out in the steel tube a, fitted with a 
perforated steel filter disk, 6. 

On the top of this disk was a sheet of nickel gauze, and above 



Press employed for diminishing the hydration and imbibition of 
soap curd. 

that again a layer of perforated silver foil. The carbon bed, c, 
some 1—1*5 cm. in depth, rested on the foil and was covered with 
two more layers of the perforated silver foil. Before us© the whole 
bed was moistened with , lye and made thoroughly compact, by 
.pressure from the piston d. 

The soap curd from, which the lye had been rapidly filtered, 
through a silver cone, at.. 90;°, was transferred to., the 1 ■■ filter ' and 
covered with two layers .of perforated; silver foil. Between this and 
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the steel piston was inserted a hollowed out, thick-walled rubber 
washer of the form used in a Bramah press. Pressure was applied 
through the screw by means of a double set of levers, about 80 cm. 
in length. 

The sample of curd for analysis was taken from the centre of the 
block of hard curd left in the press. In satisfactory experiments it 
contained no carbon. Various methods were employed in the 
analysis, but only the one found most convenient is here described. 

The curd was dissolved in neutral, boiled-out 80 per cent, alcohol 
containing phenolphtlialein. The solution was titrated with 
N1 10-sulphuric acid, the alcohol evaporated, and excess of iV-sul- 
phuric acid added. After decomposition of the soap had been com¬ 
pleted by alternate heating and cooling, the solid palmitic acid was 
collected. The filtrate was titrated to ascertain the amount of 
sodium palmitate which had been present. In many cases the 
palmitic acid was determined directly by weighing or by titration 
in alcoholic solution. Water was always obtained by difference. 
The method of calculation was usually that illustrated by the curd 
analysis accompanying table I above. This is termed “ mixed ” 
calculation in the table above. 

In a few cases, however, the concentration of lye after salting out 
was not determined. Here the amount of lye and its concentration 
were calculated from the analysis of the curd by successive approxi- 

Tabue IV. 

Hydration of Curds after Great Pressure at 90°. 

Original eharge. Curd composition: 



,—■—•*- 

- —— v 100 grams of curd contain 

Method 

Hydration : 

No. of 

NaP. NaOH. 

,- 

-a- 

- 

of 

raols. H.,0: 

expt. 

N* 

N. 

NaP. 

NaOH. 

h 2 q. 

calculation. 

to INaP. 

10 

0-994 

2-98 

83-644 

0*899 

15*457 

44 Mixed ” 

1*547 

4 

0*997 

1*99 

77*580 

1*154 

21*266 

44 Curd ” 

1*42 

1 

. 0-961 

1*92 

(73*850 

1*286 

24-864) 

44 Mixed ” 

>0 




(74*424 

1*383 

24*193) 


1*6 

2 

0*961 

1*92 

(69-99 

1-021 

28*994) 

“ Curd ” 

3-6 




(67-23 

1*306 

31*479) 


3-5 




(77*51 

1*153 

21*342) 


(1*3 pressed 








on tile) 

3 

0*961 

1*92 

66-146 

1*235 

32-619 

44 Mixed ” 

4*3 

6 

0*934 

1*87 

(68*404 

1*329 

30-267) 

“Mixed” 

3*3 




(67*616 

1-314 

31*070) 


3*4 




(81*913 

2*084 

16-003) 


. — 1-8 (pressed 








on tile) 

.".,7V 

0*495 

1*79 

73*804 

0*785 

25*411 

44 Mixed ” 

3*2 


Sodium 








stearate 







13 

0*468 

1*404 

70-682 

1*227 

28*091 

' 44 Mixed ” 

1-6 

14 

0*468 

1*404 

72-916 

0*905 

26*179 

“Mixed”. 

2*5 
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matrons based on the hypothesis that all excess of hydroxide was 
contained in the ly© and not in the curd proper. As may be shown 
theoretically, this leads to a perfectly defined result for the value 
of the hydration. This we term the pure “ curd ” calculation. 

The results for sodium palmitate salted out by sodium hydroxide 
are given in table IY. The pressure was different in each case, 
since it depended on the condition of the filter bed, pressure being 
applied until the curd began to be forced through. (In one or two 
cases some carhon was mixed with the curd.) Several samples at 
different levels were taken for analysis in some of the experiments. 
Table Y gives similar data for the pressed curds of Experiments 15 
and 16 of table II. 


Table Y. 

Curd composition: 


No, 

of 

100 grams contain 

Method of 

Hydration: mols. 

expt. 

NaP. NaOH. NaCl. 

calculation. 

H 2 0 to 1 NaP. 

15 

80*01 0-144 0-761 

“ Mixed ” 

2-2 

16 

80-43 0-160 0-922 

“ Mixed ” 

2-2 


On examining the results of tables IY and Y it appears that the 
very great pressure to which the curds were subjected while in con¬ 
tact with residual lye lowers the degree of hydration to about half 
of that of the unpressed curd. This is in accordance with the 
recognised property of colloids that the swelling pressure increases 
enormously as the solvent is removed, although the pressures here 
employed far transcend those hitherto investigated. 

The most effective way of dehydrating soap curd is to press it on 
a porous tile, thus making use of the swelling pressure of kaolin to 
abstract the water. Curds from Experiments 2 and 6 so treated 
and the composition calculated as before, gave values for apparent 
hydration of 1*3 and --1*8 mols. of water respectively; this appears 
to show that the residual lye had also been greatly concentrated in 
the process owing to hydroxide being left when the water was 
absorbed. 

Summary. 

Marked negative sorption of sodium hydroxide occurs when soap 
is salted out by sodium hydroxide in concentrated solution. 

From the extent of this effect the amount of water contained in 
the solid part of the curd, as distinguished from the entangled 
lye' clinging to it, may he deduced. Soap curd is thus shown to be 
a mechanical mixture of hydrate (or sorption compound) and 
enmeshed/lye.-" 

VOL. CXV. 3 D 
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Tli© degree of hydration varies with the concentration of lye as 


Lye. 

Sorption compound. 

Percentage of 
fatty acid. 

3*0M 

NaP,3*2H a O 

76-28 

2*5 

NaP 9 4*4H n O 

71-67 

1*9 

NaP,5*2H a Q 

68-89 

1*5 

NaP t 6*5H.,0 

64-81 


Extreme pressure lowers the degree of hydration considerably. 


In conclusion, we have pleasure in thanking the Colston Society 
of the University of Bristol for a generous grant towards the 
purchase of materials and apparatus. 

The Chemical Department, 

Bristol University. [Received, September 11 th, 1919.] 


CXXL— Reaction of the Potassium Salts of 2-Thiol 
5- thio-1-phenyl- 4 : 5-dihydro-1 : 3 : 4:-thiodiazole and 
2 : 5-Dithiol-1 :3 : l-thiodiazole with Halogenattd 
Organic Compounds. 

By Prafulla Chandra Bay, Prafulla Chandra Guha, and 
Badha Kishen Das. 

Gabriel (Ber., 1877, 10, 185) and Holmherg (Ber ., 1907, 40, 
1740) treated sodium ethylmercaptide with chloroform and 
obtained ethyl orthotrithioformate, CH(SEt) 3 . In the present 
investigation, it will be shown that the potassium atom of the 
complex cyclic mereaptides named in the title is singularly reactive 
towards the halogen atoms of organic compounds of divers types. 
Thus, chloroform, bromoform, and iodoform yield compounds with 
the potassium monomercaptxde, which may be represented by the 
general equation 3RK. + CHX 3 —3KX + CHR a , where X represents 
a halogen atom and R the radicle of the complex mercaptide. 
Chloropicrin acts exactly like chloroform, but is far more reactive 
than the latter, and the reaction may be expressed by the equation 
3RK + X0 2 *CC1 3 =NOa-CR 3 +3KC1. 

: 'The behaviour of tribromoresoreinol, benzylidene chloride, monc- 
. ,chloroa£»tic : :acid, and. ethylene bromide has:, also been found to be 
of an identical nature. The potassium salt of 2 :5-dithiol-l: 3 :4- 
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thiodiazole, on the other hand, acts almost as an inert substance 
towards chloro-, bromo-, and iodo-form. 

It is evident that the presence of the two 'SIS groups of the 
dimereaptide exercises a sort of inhibitory influence on the halogen 
atoms. The reactivity of these halogenated compounds can, how¬ 
ever, be materially enhanced by substituting the remaining 
hydrogen atom by a nitro-group. For instance, chloropicrin acts 
very readily on the dimereaptide even in the cold. The introduc¬ 
tion of an additional negative group has thus a marked effect.. The 
reaction may be represented as follows: 


Tsf— 

3 ksc csk 


+ 2-COy NO s = 


n:cs n—n sc:n 
! s Nu-si! cs-c/ s | 
n.-cs^I V | sedr +6K0)< 

I..j 

|no 2 ono 


Nitrous fumes escape during the reaction, and an atom of oxygen, 
as shown above, forms the connecting link between the two carbon 
atoms of the residues of two molecules of chloropicrin. 

Ethylene bromide acts on the potassium monomercaptide ; only 
one atom of bromide combines with the potassium atom, resulting 
in the formation of the compound, 

^g^.S> CS -° H 2-CH 2 Br. 

Monochloroacetic acid, benzylidene chloride, and ethylene 
bromide no doubt act on the dimereaptide, but the products of the 
reaction are insoluble in the ordinary solvents, and thus cannot be 
purified. 


EXPERIMENTAL. 

Potassium Salt of 2-Thiol-b-tliichA~ , phenyl-4:: o-dihydro-1 : 3 : 4 - 
thiodiazole and Iodoform, Bromoform, and Chloroform. 

Three molecular proportions of the mercaptide were treated with 
on© molecular proportion of the halogenated compound in alcoholic 
solution, the mixture being boiled under reflux on the water-bath 
for several hours. An insoluble mass was obtained consisting of 
the potassium haloid and the organic derivative. The solution was 

3 D 2 






mo 


bIy, GtTHA, AND BAS: 


allowed to cool and then triturated with water.. The aqueous 
filtrate on evaporation gave crystals of the potassium, haloid. The 
insoluble portion was dried and dissolved in benzene; on evapora¬ 
tion of the solvent, an oily liquid was obtained, which was redis¬ 
solved in benzene and precipitated by alcohol as an oil. On keep¬ 
ing, the oil solidified to a yellow powder. As it was difficult to 
get rid of the last trace of iodoform, the powder was repeatedly 
washed with alcohol and dried in the steam-oven until the odour 
of iodoform was no longer perceptible. The substance melted at 
66 — 68 °. 

With bromoform, exactly the same method was followed, but, as 
it is highly volatile, the excess was easily removed from the yellow 
compound, which melted at 66—68°. 

When the reaction mixture in alcoholic solution was heated at 
210—220° in a sealed tube for several hours, a tarry, resinous 
mass was obtained, which was collected and dissolved in benzene. 
Addition of alcohol to the benzene solution gave the same tarry 
precipitate, but not the yellow powder. The alcoholic mother 
liquor, on concentration, gave shining, needle-shaped crystals 
which melted sharply at 62°. Analysis proved this product to be 
the alcoholate of the compound described above, having the 
formula CHR s ,2EtOH. The yield was very poor, most of the 
product having evidently become resinified owing to the high 
temperature employed. No reaction took place when chloroform 
was heated under reflux with the mereaptide in alcoholic solution. 
The mixture was therefore heated in a sealed tube as in the case 
of bromoform. The filtrate, separated from the resinified mass, 
gave, on evaporation, crystals of the alcoholate melting at 62°: 

0-1520 gave 0'2532 C0 2 . C=45-23. 

0*1101 „ 11*4 c.c. N 2 at 32° and 760 mm. N= 11*26. 

0-1260 „ 0*3532 BaS0 4 . S = 38*48.* 

C 25 H 16 N 6 S e ,2EtOH requires C — 44-6; N = 10*85; S = 37-50 per cent. 

It is thus evident that iodoform and bromoform are more reactive 
towards the mereaptide than is chloroform. 

Compound, m. p. 66-—68°, from iodoform: 

* It may- be necessary to point out that in these compounds the sulphur 
atom is linked both to an aliphatic and to an aromatic and cyclic residue. 
Carius’s method gave an unusually low result, owing to the formation of 
sulphonic acid. The excess of nitric acid was therefore neutralised with 
sodium carbonate and evaporated to dryness and fused in a silver dish. The 
product was evaporated several times with hydrochloric acid before the 
addition of barium chloride. Owing to the presence of a large amount of 
sodium chloride and unchanged sodium nitrate, the result is generally a little 
\:to©h%h, W :.AW r'. 
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0*0953 gave 0-1502 CO. and 0-0202 H.O. 0 = 42-93; H = 2*33. 
0-0876 „ 0-2087 BaS0 4 . 8=41-19* 

0'075 „ 8-3 c.c. N 2 at 24° and 760 mm. N=12*5Q. 

C 25 H 16 N 6 S 9 requires 0 = 43-60; H = 2'76; 8 = 41-80; N = 12*21 

per cent. 

The compound from bromoform gave C = 43*ll; H = 2-03; 
N —12-59 per cent. 


Potassium Salt of the Mercaptan and Ohloropicrin. 

The alcoholic solution of the parent substances was heated at 50° 
under reflux as before. A bulky, yellow precipitate was obtained; 
after decanting off the mother liquor, it was washed with alcohol 
and triturated with water to remove potassium chloride. It 
.crystallised from hot benzene in shining, yellow crystals melting at 
128—129°. The reaction was almost quantitative, as was proved 
by weighing the potassium chloride formed : 

0-1140 gave 0T727 C0 2 and 0*0307 H 2 0. C=41-31; H = 2*99. 

0-0948 „ 11-4 c.c. N 2 at 32° and 760 mm. N = 13-18. 

C 25 H lg 0 2 N 7 S 9 requires C = 40’97; H = 2'05; N = 13-37 per cent. 

Potassium Salt of the Mercaptan and Tribromoresorcinol. 

The substances were heated in alcoholic solution as before. The 
amorphous powder obtained was freed from potassium bromide by 
water, dried, and dissolved in a mixture of alcohol and carbon 
disulphide; on evaporation, shining crystals melting at 166° were 
obtained: 

0-0881 gave 0*1458 C0 2 and 0-0236 H.O. C=45-13; H=2‘97. 

0-0724 „ 0-1897 BaS0 4 . S = 36-00. 

C 20 H 18 O 2 N 6 S 0 requires 0=46*03; H=2'30; 8 = 36-55 per cent. 


Potassium Salt of the Mercaptan and Benzylidene Chloride. 

The components in alcoholic solution were heated under reflux 
for about an hour. The crystalline product melted at 59—62°: 
0-0708 gave 0T321 C0 2 and 0-0193 H 2 Q. 0 = 50*87; H = 3'03. 
0*0849 „ 8-6 c.c. N 2 at 22° and 760 mm. N = ll-02. 

0*0974 „ 0*2550 BaS0 4 . S=35-83. 

C 23 H 16 N 4 S 6 requires 0 = 51*11; H = 2*96; N = 10*40; 8 = 35*55 

per cent. 
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Potassium Salt of the Mercaptan and Ethylene Bromide. 

After heating in alcoholic solution as usual, the insoluble pro¬ 
duct was freed from potassium bromide by means of water, dried, 
and dissolved in ether. On evaporation, shining crystals melting 
at 94° were obtained: 

01644 gave 0-2183 C0 2 . C = 36*21. 

0-0812 „ 6*6 c.c. No at 30° and 760 mm. N = 8*97. 

0-1303 „ 0*0715 AgBr. Br=23*35. 

C 10 H g N 2 BrS 3 requires C=36*03; N = 8*40; Br —24*02 per cent. 


Potassium Salt of the Mercaptan and Monochloroacetic Acid. 

On mixing the components in aqueous solution, the reaction takes 
place even in the cold, and is completed on heating. The product, 
crystallises from boiling water in silky needles melting at 145°: 
0*1279 gave 0*1935 C0 2 and 0*0414 H 2 0. C = 41'26; IT = 3*60. 
0*1697 „ 15*00 c.c. No at 24° and 760 mm. N = 9*99. 

0*1580 „ 0*3495 BaS0 4 . S = 30*38. 

C 10 H 8 O 2 N 2 S 3 requires C=42*06; H = 2*81; N = 9*86; S = 33*81 
per cent. 

It is of interest to note that whilst monochloroacetic acid behaves 
in the above manner, dichloro- and trichloro-aoetic acids, on the 
other hand, behave like strong acids, such as hydrochloric acid, that 
is, they simply regenerate the original mercaptan. 

Potassium Salt of 2: 5-Ditkiol-l: 3: ^-thiodiazole and Ghloropicrin. 

The components were heated under reflux in alcoholic solution 
for several hours. Nitrous fumes were evolved and a yellow pre¬ 
cipitate was obtained. On cooling, this was collected and washed 
with alcohol to remove adhering chloropicrin, and then triturated 
with water to move potassium chloride. The yellow powder was 
insoluble in nearly a dozen ordinary solvents and in mixtures of 
some of them. Two different preparations had, however, the same 
melting point (166—-168°) and the same percentage composition: 
0*1734 gave 0*1274 C0 2 . C = 20'04. 

0*0853 „ 14-00 c.c. N 2 at 31° and 760 mm. N = 18*03. 

0*0899 „ 0*3907 BaS0 4 . 8=59*68. 

CgONgSg requires C= 19*83; N=17*40; 8=59*50 per cent. 

; ' CttEMTCAt. LABOBASCOSV, 

Oojudkce or SoriasrCE, 

w ; University or Calcutta. 7 [Received, October .31*$, 1918.] , ' 
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CXXII.— Equilibria Across a Copper Ferrocyanide 
mid an Amyl Alcohol Membrane . 

By Frederick George Donnan and William Edward Garner. 

Donnan and Allmand (T., 1914, 105 , 1941) investigated the dis¬ 
tribution equilibrium of potassium and chlorine ions across a 
copper ferrocyanide membrane. In the method adopted, a solution 
of potassium ferrocyanide was placed on one side of the membrane 
and a solution of potassium chloride on the other. The results, 
whilst affording undoubted confirmation of Donnan’s theory 
( Zeitsch . Elektrochem 1911, 17 , 572), were complicated by the 
uncertainty as to the manner of ionisation of potassium ferro¬ 
cyanide. It was considered that this difficulty would be overcome 
if solutions of two ferrocyanides were employed on the two sides 
of the membrane, especially if these salts were ionised to the same 
extent. In the present investigation, the sodium, potassium, and 
calcium salts were found to be suitable, and mixtures of these were 
used to test the validity of the theory. 

With a mixture of sodium and potassium ferrocyanides, equil¬ 
ibrium will be set up by an interchange of sodium and potassium 
ions, since the membrane is not permeable to ferrocyanogen ions. 
Assuming that the ions obey the laws of ideal solutions, the equa¬ 
tion for the equilibrium is given by 

[Na 1 -][K 2 -] = [Na ! -][K I -], 

where the symbols indicate molar ionic concentrations. 

This equation was derived from thermodynamical considerations 
by Donnan (loc. and its derivation is also possible from the 

kinetic theory, as follows: The number of ions of any on© kind 
penetrating the membrane is proportional to its ionic concentration, 
C l ; the number of ions exchanging across the membrane is pro¬ 
portional, not only to the concentration, C 1} but also to the concen¬ 
tration of the ion, C\ 2 , which interchanges with the first across the 
membrane, that is, 

,N = K.C r 1 .C7 s . 

In the case of sodium and potassium ions, at distribution equil¬ 
ibrium four kinds of interchanges across the membrane are possible. 
Two of these, (a) and (b) (exchange of like ions), do not affect the 
final concentrations in any way. The four interchanges are shown 
below: 
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(1) 




.(2) 

(a) 

[Na] 

- 4 “ 


[Na‘] 

<*> 

[K-] 



[K‘] 

(P) 

[Ha’] 

- 4 ~ 

= > 

[K-] 

(d) 

[3T] 

- 4 - 

-> 

[Na] 


At equilibrium, the number of exchanges due to (c), that is, 
N c = K[Na 1 ‘]fK 2 *], must equal that due to (d), that is, 
^ =K[Na 2 ’][K 1 ’], therefore [Na^*] [K 2 *] = [Na 2 *]pSl 1 ‘J. 

When the calcium salt is substituted for the potassium, salt, the 
equation of equilibrium, becomes: 

(a) [Ca/*] [Na 2 ’] 2 = [Ca 2 *] [ISTa/js 

and 

(I b) [CajltNaJ^tCaajtNaJ*, 

if the degree of ionisation of the two salts is the same. 

In the case of the sodium-potassium cells which were investi¬ 
gated, the experimental results showed good agreement with the 
requirements of the theory. 

The degrees of ionisation of the two salts are very similar, so 
that the ratio of the molar concentrations of the salts is the same 
as that of the ionic concentrations. 

The sodium-calcium cells, however, gave unexpected results. 
Whereas the equation (b), which refers to the concentrations of the 
two salts, holds within the limit of the experimental error of the 
analysis, it was found that equation (a) above does not accurately 
represent the relationship between the ionic concentrations of the 
calcium and sodium salts on the two sides of the membrane. The 
activities of the ions in this case appear to be more closely related 
to the molar than to the ionic concentrations. This result also 
may indicate that adsorption plays an important part in the trans¬ 
ference of the ions across the membrane. 

Further experiments were carried out in order to find a liquid 
membrane which would be permeable to one electrolyte and 
impermeable to a second which contains an ion common to the 
first. With this purpose in view, the solubilities of several salts 
in moist, organic solvents were determined. Amyl alcohol was 
found to be the most satisfactory of these solvents, and potassium 
and lithium chlorides the most suitable electrolytes. Since lithium 
chloride is readily soluble in amyl alcohol (a saturated solution is 
".;.',l*83fjV) and potassium chloride is practically insoluble (a saturated 
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solution is 0*0048iV), :: it was hoped to set up a cell of the following 
type: 

I. KC1, Li Cl in water J Amyl alcohol j LiCl in water II. 

which is of the same type as that investigated by Donnan and 
Allmand with the copper ferrocyanide membrane. 

It was not, however, practicable to nse an amyl alcohol 
membrane, owing to the slow rate of diffusion of lithium chloride 
through the amyl alcohol. The problem was therefore approached 
in an indirect manner. Determinations were made of the distri¬ 
bution concentrations of lithium chloride between amyl alcohol 
and water at 25°. Aqueous solutions of lithium chloride and 
lithium and potassium chlorides were shaken with amyl alcohol, 
and the two layers separated and analysed. The concentration of 
the lithium chloride in II, which is in equilibrium with a mixture 
of the two chlorides in I, was calculated from these results. 

The calculation of the ionic concentrations is complicated by 
the high values of the viscosity of the solutions and by changes in 
the state of hydration of the lithium ion with concentration. 
Green (T., 1908, 93, 2023) has deduced the degree of ionisation 
of concentrated lithium chloride solutions from measurements of 
the conductivity of solutions of lithium chloride of which the 
viscosity has been increased by means of sucrose. The chief objec¬ 
tion to the values which are obtained in this way lies in the hydr¬ 
ation of the lithium ion, which will he affected by the addition of 
sucrose to the solutions. 

The concentrations of the ions and the undissociated part of the 
electrolyte have, however, been calculated, using Green’s values 
for the degree of ionisation of lithium chloride, and the results are 
in fairly satisfactory agreement with theory. The agreement is 
better in those cases where the total Concentration of the electro¬ 
lytes is below 5N, Thus [LiCl]j = [LiCl] 2 and 
[Lii*] • [Cl 1 / ]=[Li 2 *]. [Cl/]. 

The distribution-coefficient of lithium chloride between amyl 
alcohol and water has been calculated, and it appears that lithium 
chloride occurs in amyl alcohol solution as double molecules. The 
coefficient is, however, only a constant over a small range of con¬ 
centration, and above 51V the coefficient increases. The increase 
is probably associated with errors in the degree of ionisation due 
to the dehydration of the lithium iom 

The experimental work in this paper leads to the conclusion that 
the same equilibrium relationships are established, whether the 
* Moist amyl alcohol. 


3 D* 
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equilibrium is brought about by the transference of ions, as is the 
case with, the copper ferrocyanide membrane, or by the transference 
of the undissociated part of the electrolyte, as is the case with the 
amyl alcohol membrane. 

E XPESIMENTA L. 

The osmometer vessels used in the determination of the ratios of 
the ions were those described by D.onnan and Allmand (T., 1914, 
105, 1944). The copper ferrocyanide membrane in parchment 
paper was clamped in position between two shallow, cylindrical 
vessels, and was separated from the supporting rim by rubber 
bands. The vessels, which were of Jena glass, were fitted with 
side-tubes to facilitate the introduction of the solutions, and the 
volume of each vessel was about 100 c.c. The membranes were 
prepared by the method described by Donnan and Allmand (Joe. 
cit.), and the parchment paper was usually left in contact with 
the solutions for two days. The membranes were tested for leaks 
by placing a ferrocyanide solution on one side and an isotonic 
solution of sucrose on the other, and no leakage occurred over a 
period of six weeks. 

The ferroeyanides which were used in the investigation were 
purified by crystallisation from water. The calcium and ammonia 
ferroeyanides were prepared from hydroferrocyanie acid (Noyes 
and Johnston, J. Amer. Ghem. Soc., 1909, 31, 991). 

Since potassium ferrocyanide forms insoluble double salts with 
magnesium and calcium ferroeyanides, of the type 
EgKgEeCy^SH^O, 

it was not possible to nse potassium ferrocyanide against these 
salts in the cells. The precipitation of the insoluble salts takes 
place slowly at the ordinary temperature,' but quicker on heating, 
as if a chemical change were taking place. The double salts with 
sodium ferrocyanide are soluble in water. 

Potassium-Sodium Ferrocyanide Ceils. 

Solutions were used of a strength 0*025 molar. The usual pro¬ 
cedure was to place a solution of potassium ferrocyanide in one 
side of the cell and a solution of sodium ferrocyanide in the other. 
The time required for the attainment of equilibrium was deter¬ 
mined by conductivity measurements, and no change in the con¬ 
ductivity could be observed after an interval of one week. The 
cells were, however, allowed to remain, with occasional shaking, 
over a period of three to five weeks, in which time equilibrium was 
certain to have been reached. 
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In order to prevent changes in the ferrocyanide solutions with 
time, several precautions were necessary. 

(1) When pieces of well-washed copper ferrocyanide membrane 

were placed in solutions of ferrocyanides, it was observed that the 
strength of the solutions diminished several per cent, in three or 
fouiSfdays, and at the same time the presence of sulphates in the 
solutions was detected. The change was almost entirely due to 
that side of the membrane which ^ 

was last exposed to the copper 
sulphate solution. The adsorbed 
copper sulphate on this side of the 
membrane reacted with the ferro¬ 
cyanide solutions, with the forma¬ 
tion of sulphates and a slight in¬ 
crease in the thickness of the mem¬ 
brane. The copper ferrocyanide 
membrane, after being clamped in 
position, was on this account 
washed for three to four days with 
ferrocyanide solutions of the same 
concentrations as those to be used 
in the experiment. 

(2) Another source of trouble 
was the oxidation of the ferro¬ 
cyanides by the small quantity of 
air enclosed in the osmometer 
vessels. The oxidation was also 
considerable if the conductivity 
of the solutions was measured 
from time to time in the ordin¬ 
ary conductivity vessels. To 
make the change due to this cause 
as small as possible, a special con¬ 
ductivity vessel was constructed 
(Fig. 1) which could be filled with 
nitrogen. The amount of air in 
the osmometer vessel was also reduced to a fraction of a c.c., and in 
the majority of the experiments, of which the results are given in 
the tables, the cells were not opened until immediately before 
analysis. 

(3) When solutions of different concentrations were employed 
on the two sides of the membrane, osmosis of water was prevented 
by the addition to the solution of the requisite amount of sucrose. 
The amounts which were added were calculated from conductivity 

. ■ 3 D* 2 
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data. The effect due to this cause is, however, small, as Dorman 
and Allmand have shown ( loc , cit.). 

'The solutions were kept in the dark and the cells shaken every 
two or three days. 


Method of Analysis. 

The solutions of the ferrocyanides were decomposed with con¬ 
centrated sulphuric acid, and the sulphates of the alkali metals 
converted into chlorides by the precipitation of the iron (twice) 
with ammonia, and of the sulphate with a slight excess of barium 
chloride. After the removal of the barium as carbonate, the 
mixed chlorides in the solution were obtained by evaporation and 
weighed. The potassium was determined as perchlorate and the 
sodium calculated by difference. 

The ferrocyanide concentrations were determined before filling 
into the cells, and after the equilibrium had been reached, by 
titration against potassium permanganate solution. These 
analyses serve as a check on the results obtained by the gravi¬ 
metric.. analysis. The variation in the ferrocyanide concentrations 
as determined by the three methods outlined above rarely exceeded 
1 per cent. 

A method of analysis based on a conductivity method was not 
found to give the requisite degree of accuracy. 

The results for the potassium-sodium cells are given in table I. 
The weights of potassium chlorate and the mixed chlorides are 
given (in order to indicate the possible errors of the analyses), and 
in columns 6 and 7 are included the molar concentrations of the 
sodium and potassium on both sides of the membrane A and B. 
In column 8 is found the total concentration of the metals, and 
in 9 and 10 four times the total concentration of ferrocyanogen 
before and after the experiment. The results show that no large 
amount of oxidation or absorption of the salts has taken place 
during the period of the experiment. The ratios of the sodium 
and the potassium in the solutions on the two sides of the cell are 
compared in the last column, and it will be observed that the ratio 
is the same fpr (a) and (5) within experimental error. The ratio 
of the ionic concentrations will be but little different from those 
given in the table, since the degrees of ionisation of the sodium 
and potassium ferrocyanides are very similar. The conductivity 
of 0'Q25 molar solutions of potassium, sodium, and ammonium 
ferrocyanides was determined at 25°, and the degree of ionisation 
calculated. The results are given in table II. 
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Table II. 

Degree of Ionisation of Ferro cyanides „ 


Salt. 

Atf=40. 

A„ Kohl- 
rausch. 

100a. 

(MH 4 ) 4 Fe(CN) 8 ... 

. 383 1 

742*0 

61*0 

(Na) 4 Fe(CN} 6 .. 

. 337*1 

647*6 

52*1 

(K) 4 Fe(CN) 6 . 

:. 393*0* 

742*0 

62*9 


* Noyes. 


Thus the relationship given below has been proved to be correct, 
that is, 

fNa,'] = [KJ 

[Nvi [K,-y 

Since the activities of the potassium and sodium ions are prob¬ 
ably very similar, the equation deduced by Donnan has been shown 
to hold. 

Sodium—Ammonium Cells. 


Ammonium ferrocyanide solutions slowly attack the copper 
ferrocyanide membrane. The membrane thickens and changes in 
colour from a dark brown to a reddish-brown. It does not, how¬ 
ever, appear to break down, as on one occasion a cell was made up 
of a solution of ammonium ferrocyanide on the on© side and an 
isotonic sucrose solution on the other. After five weeks, the 
sucrose solution was tested, and it was found that no ferrocyanide 
had diffused through the membrane. The concentration of ferro¬ 
cyanide had, however, diminished, and the colour of the membrane 
on the one side had changed to a reddish-brown. In consequence 
of these irregularities, only one sodium-ammonium cell was 

examined. The ratio on the two sides were found to b© 

[NH 4 ] 

0*8480 and 0-8595 respectively. 


Sodium-Calcium Cells. 

The cells were made up as described previously. The amounts 
of sucrose used to prevent osmosis were the same as those used 
with the potassium and sodium solutions of the same concentra¬ 
tion. The concentrations of sucrose ar© probably too great in the 
ease of th© calcium solutions, since the calcium salt is less ionised 
in solution than the potassium salt, but no appreciable osmosis 
occurred. On the other hand, when the concentrations of sucrose 
were calculated from Sherrill’s equations (J. Amer. Chem. Soc., 
1910, 32, 742), a considerable amount of osmosis occurred. 

The rate at which equilibrium i& reached ig about as rapid as 
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in the case of the sodium-potassium cells. In some cases, the 
changes in concentration were followed by conductivity measure¬ 
ments. In Fig. 2 are given the changes of conductivity of a 

sodium-calcium and a sodium-magnesium cell respectively. 

Tim© 

in days. 0. 1. 3. 4. 5. 6. 7. 8. 10. 12. 

Bridge-reading. 

Na-Ca . 3470 4082 — 4600 — 4635 — 4643 4635 — 

Ha-Mg . 2974 3358 3800 — 3994 — 4040 — — 4060 


Fig. 2. 
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ately equal to that of sodium and magnesium ions, and that a 
constant reading is obtained in about ten days. 

The slight fall in the bridge-reading at the end of the experi¬ 
ment (Na-Ca) is probably due to the oxidation of the ferrocyanide. 


Method of Analysis, 

The analysis of the solutions of calcium and sodium ferro- 
cyanid.es gave rise to considerable trouble, owing to the small 
volume (100 c.c.) which was available for analysis. The ferro¬ 
cyanide solution was evaporated to dryness and decomposed with 
concentrated sulphuric acid. The mixed sulphates were dissolved 
in dilute hydrochloric acid, and the iron was removed as hydroxide 
with ammonia. The calcium was precipitated as oxalate and con¬ 
verted into oxide. Traces of iron were sometimes present in the 
oxide, which was on this account dissolved in hydrochloric acid 
and the iron precipitated. The calcium was then weighed as 
sulphate. The filtrate containing sodium sulphate was evaporated 
to dryness, traces of iron were removed, and the sodium was 
weighed as sulphate. 

The results of the analyses are shown in table III, and it is 
found that 

[Ca,l _ [NaJ 
[Ca,] “ [Na 2 f’ 

where the concentrations represent the total concentrations of the 
calcium and sodium atoms in the solution. 

The ratio of the equilibrium concentrations of the calcium ferro¬ 
cyanide on the two sides of the membrane is slightly higher than 
the ratio of the squares of the equilibrium concentrations of the 
sodium ferrocyanide, but the variations are of the same order as 
those due to errors of analysis. 

The change in the degree of ionisation with concentration is 
known for potassium and calcium ferrocyanides, but not for sodium 
.'..ferrocyanide., ,, 

•100a ■ ■ 

K a Fe(CN)„. Ca 2 Fe(CN) 8 . 

(1) 0-05 Molar . 48*6 22*1 

(2) 0*025 Molar . 53-1 23*5 

(Noyes and Johnston, J. Amer. Chem. Soc., 1909, 31, 1010). 

Similar figures have been obtained for calcium ferrocyanide in 
the course of this work. 

Assuming that the sodium salt resembles potassium ferrocyanide, 
and that the ionisation of the mixed sodium and calcium salts is 
the same as in solutions of the pure salts with concentrations corre- 





Table III. 

Calcium-Sodium Cells. 
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spending with fell© ferrocyanogen-ion concentration (Arrhenius), it 
is possible to calculate the ratios of the calcium-ion concentration 
and the ratios of the squares of the sodium-ion concentrations on 
the two sides of the membrane. These are given in the table. 
The results (table IV) show that- the relationship 

r<vi _ r^iT 

[Ca 2 "J [Na 2 T 
does not hold so strictly as equation (1). 

Table IV. 


Calcium-Sodium Cells. 



[Cad 

[Nad 2 

[Cap"] 

[Nad]* 

No. 

[Ca 2 ]‘ 

[Na a ]*‘ 

[Ca/r 

[Nad] 2 ' 

1 .. 

1*27 

1*25 

1*25 

1*19 

% 

1-76 

1*76 

1*68 

1*58 

3 ... 

1*37 

1*33 

1*33 

1*25 

4 . 

1*80 

1*78 

1*73 

1*61 

5 .. 

1*55 

1*50 

1*49 

1*36 


The activities of the ions of these two salts thus appear to be 
more nearly proportional to the molar concentrations than to the 
ionic concentrations. 

Irregularities occurred in two of the cells. Cell 3, which was 
opened once during the experiment, shows that 2—3 per cent, of 
oxidation has taken place, and in cell 5 a change, due to osmosis, 
occurred. Neither of these changes appears to affect the ratio to 
any great extent. 

In cell 5 it should be noted that the concentration of the 
calcium ferrocyanide is greater than that of the sodium ferro- 
eyanide; in the other cells the reverse is the case. 


Amyl Alcohol Membrane. ' 

The results of some preliminary experiments on this membrane 
are given below. 

Materials.—Amyl alcohol (b. p. 131*5°) was obtained by 
repeated fractionation of fusel oil through a six-bulb fraction¬ 
ating column. One sample of the alcohol was used throughout 
the work. 

The lithium chloride was free from calcium, and was completely 
soluble in amyl alcohol. Its solution in water was neither acid 
nor alkaline. It was also analysed by conversion into lithium 
sulphate, followed by the estimation of the sulphate in this sub¬ 
stance, as barium sulphate. 
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Method .—Aqueous solutions of lithium chloride were shaken 
with amyl alcohol in stoppered bottles in a thermostat kept at 25°, 
and when equilibrium had been reached, the two layers were 
analysed. 

Analysis .—The aqueous solutions of lithium chloride were 
estimated volumetrically with Nj 10-silver nitrate, and the results 
were checked hy analysis of the lithium as sulphate. 

A known volume of the amyl alcohol layer was placed in a 
Jena-glass distilling flask, and the amyl alcohol distilled off. 
Water was added to the residue, and the solution titrated with 
silver nitrate. 

The solutions containing the potassium and lithium chlorides 
were analysed according to the method employed by Gooch ( Proc , 
Amer. Acad., 22 N.S. 14, 177). A known volume of the aqueous 
solution was evaporated in the presence of 10 c.c. of amyl alcohol, 
and a little hydrochloric acid added to convert any lithium hydr¬ 
oxide into chloride. The lithium chloride dissolves in the amyl 
alcohol, and potassium chloride is left behind. The residue is 
collected and washed with hot amyl alcohol. The lithium is then 
estimated as sulphate, and the potassium chloride dissolved in 
water and estimated with silver nitrate. To check the results, the 
solution of the mixed chlorides was titrated directly with silver 
nitrate. 

Results .—The concentrations of lithium chloride in the two 
layers are given in table V. The concentration of* the lithium 
chloride in amyl alcohol diminishes rapidly with decrease in the 
concentration in the aqueous solution. The degree of ionisation 
of lithium chloride solutions cannot be given with any accuracy. 
The viscosity of the solutions is so great that allowance must be 
made in the derivation of the degree of ionisation from the 
conductivity results. Green (loc. cit .) has determined the 

Table V. 

Distribution■ of Lithium , Chloride between Amyl Alcohol and 


Water* 


LiCl Af , 

Total. 

[LiCTjAm. 

Total, 

100a. 

[LiCSjUq, 

undissocdated. 

[LiClW 

[LiCIlV 

12*54iV 

1-735Y 

36*9 

7*9 IN 

0*0273 

8*49 

0*903 

47*8 

4*43 

0*0428 

7*77 

0-683 

50*5 

3*85 

0*0418 

6*08 

0*387 

54*2 

3*06 

0*0366 

6*00 

0*1266 

60*1 

2*00 

0*0277 

3*14 

0*0342 

66*3 

1*06 

0*0255 

3*00 

0*0314 

66*7 

1*00 

0*0262 

2*71 

00251 

67*7 

0*88 

0*0268 


* In the calculation of the equilibrium constant a correction has been made 
for the degree of ionisation of the LiCl in the amyl "alcohol solution. 
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viscosity and conductivity of solutions of lithium chloride over a 
wide ranges of concentration, and has corrected for the effect of 
viscosity by the addition of sucrose to the solution. The con¬ 
ductivity at infinite dilution was calculated over a wide range of 
viscosities; the degree of ionisation is obtained directly from the 

equation a=-, where A is the conductivity of a solution of lithium 

Af 

chloride and A/ the conductivity at infinite dilution of a solution 
of lithium chloride containing sucrose, and with the same viscosity 
as the first solution, Washburn (J. Amer. Ghem. Soc., 1911, 33, 
1461) finds that the relation between tbe degree of ionisation, the 

conductivity, and the viscosity is given by the relation , 

where / represents the fluidities and m = 0*94, but this holds only 
from 0—T01V. For more concentrated solutions, m varies with 
the concentration. In table VI, m is given for the concentrations 


Table VI. 

Degree of Io?iisation of Concentrated Lithium Chloride Solutions. 


Normality. 

/• 

m. 


100 A (&Y 

V / / 

lOOa(Green). 

0-0 

111*67 

" 

115*3 


— 

2-0 

84*87 

0*900 

61-63 

68*4 

69*9 

3-0 

73*64 

0*858 

52*58 

65*2 

66*7 

4-0 

. 63*65 

0*832 

44*76 

61*9 

63*5 

5-0 

54*59 

0*812 

37*85 

58*7 

60*1 

@•0 

46*27 

0*798 

31*70 

55*5 

56*8 

7-0 

38*60 

0*785 

26*04 

52*0 

63*1 

8-0 

31*55 

0*771 

21*05 

48*4 

49*5 

©■0 

25*28 

0*759 

16*725 

44-8 

46*0 

10-0 

19*75 

0*749 

13*225 

42*0 

43-1 

11*0 

15*07 

0*738 

10*395 

39*5 

40*6 

120 

11*42 

0*729 

8*149 

37*2 

38*2 


2—I22V", and the value of m decreases from 0*90 to G'73. The 
degree of ionisation calculated from the above equation and the 
data given by Green will be found in columns 5 and 6. The values 
are the same as those obtained by Green to within 1—2 per cent. 
The method of calculation is open to. the objection that the lithium 
ion is probably hydrated in solution, and that the conductivity 
at infinite dilution, A/, is given by lithium ions, which are prob¬ 
ably hydrated to a different extent than is the case in a pure 
solution of lithium chloride with the same viscosity. The calcu¬ 
lated values of the degree of ionisation will therefore be the more 
accurate for the more dilute solutions. 

The values of a in table VI, column 6, are used in tables V 
end VII. In table V, the amount of undlsSociated lithium 
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eWorld© (column 4) is calculated from these values of a. From 
the figures in the last column, it will be seen that lithium chloride 
is associated in amyl alcohol solution to double molecules. A 


constant for 


[ Licru, 


is only obtained between 2V and 5JV. 


[Li01]*i n , 

Above this concentration, the coefficient rises from 00277 to 0'0428, 
and then falls. The most probable cause of this deviation is dis¬ 
cussed above, and it appears that the calculated concentrations of 
the undissociated molecules are too low. 

The molar concentrations of the solutions of mixed chlorides in 
I. (p, 1315) and the corresponding equilibrium concentrations of 
lithium chloride in the amyl alcohol are given in table VII. 


Table VII. 

Results with Amyl Alcohol Membrane. 


XJndissociated 



Total 

KCL 

Total 

LiCl. 

LiCl in 
amyl 

Total 

LiCl. 

LiCl 


[Li‘] X [CT]- 

No. 

I. 

I. 

alcohol. 

II. 

I. 

II. 

I. 

XI. 

1 

0-944 

3*504 

0*554 

3*78 

1*44 

1*36 

5*94 

5*86 

2 

1-200 

2*613 

0*303 

2*95 

0*945 

0-976 

4-045 3*900 

3 

0*962 

5*45 

0*2236 

5*80 

2*39 

2-46 

11*02 

11*17 


From the amount of salt dissolved by the amyl alcohol, and the 
data in table V, the corresponding values of lithium chloride in 
II. are calculated and given in column 5. These figures represent 
the concentrations of lithium chloride in equilibrium with the solu¬ 
tion of mixed chlorides in columns 1 and 2 across the amyl alcohol 
membrane. The ionic concentrations are obtained from Green’s 
values for lithium chloride and from Kohlrausch and Grotrian’s 
values for potassium chloride. The degree of ionisation for the 
higher concentrations of potassium chloride are obtained by extra¬ 
polation from the latter values. The degrees of ionisation of 
lithium and potassium chlorides are apparently very similar. The 
ionic concentrations of the solutions of the mixed chlorides are 
calculated on the assumption made in the case of the calcium- 
sodium ferrocyanide cells. 

Cells 1, 2, and 3 show good agreement with the equations 
[LiClji = [LiCl] 2 and [Lq] [Cl^ = [Li^] [Cl 2 ']. The agreement, 
which is better than would be expected, supports the values for 
the degree of ionisation of lithium chloride which were obtained 
by Green. 

Summary. 

Determinations have been made of the equilibrium concentra- 
hiom'Aof. solutions of sodium and potassium : ferrocyanides and 
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sodium and calcium ferrocyanides across a copper ferrocyanide 
membrane, and the results are in general, agreement with Donnairs 
theory. 

The following cells were investigated: 

(a) I. Potassium ferrocyanide j Sodium ferrocyanide II. 

(b) I. Sodium ferrocyanide 5 Calcium ferrocyanide II. 

(c) I. Sodium ferrocyanide j Ammonium ferrocyanide II. 

The solutions in (a), (6), and (c) were in the neighbourhood of 
0-025A, 

A liquid membrane has been investigated; amyl alcohol was 
chosen as the most suitable solvent, and the electrolytes employed 
were potassium and lithium chlorides. 

(d) I. Lithium chloride L j alco]l()1 I chloride II. 

Potassium chlonde I 1 

Lithium chloride gives rise to double molecules in amyl alcohol 
solution, and a constant is obtained for the partition-coefficient up 
to 5N. 

So far as the preliminary experiments go, the equilibrium con¬ 
centrations of the lithium and chlorine ions and the undissociated 
part of the electrolyte agree with Donnan’s theory. 

kiveksity College, 

Gower Street, 

W.C. 1. [Received, September 22nd, 1919.] 


CXXIII. —The Colouring Matter of the Red Pea Gall , 

By Maximilian Nierenstein. 

The colours of oak galls are very varied and rich. They range 
from white and cream through all tints of yellow to deep orange, 
from pale green to a rich, dark hue, and through almost every 
shade of red, some being very beautiful and attractive. These 
red colours are generally ascribed to the presence of anthocyanins, 
which are supposed to be derived from the tannins present in galls 
(compare Gertz, “Studien ofver Anthocyans/' 1906; Connold, 
“British Oak Galls,” 1908; Bolster, “Pie Gallen der Pflanzen,” 
1911; Magnus, “'Pie Entstehung der Pfianzengallen,” 1914). Our 
knowledge of the anthocyanins has been fundamentally increased 
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by tlie recent investigations of Wheldale, Willstatter, Everest, and 
others (compare Perkin and Everest,. “The Natural Organic 
Colouring Matters,” 1918). Their researches have conclusively 
proved that the anthocyanins are derived from, the different flavones 
present in plants. This suggested an inquiry into the colouring 
matter of the so-called anthocyanin of the “red pea gall,” fre¬ 
quently found on the leaves of different British oak trees, especially 
Qu-ercus pedunculata when galled by Bryophanta divisa , Adler. 
It seemed reasonable to expect that the anthocyanin of this gall 
would in all probability be derived from cyanidin, the anthocyanin 
of quercitin, and, if so, it might furnish some evidence regarding 
the much discussed question as to the relationship between the 
pathological products produced by the gall and those normally 
present in the plant (compare Dekker, “Die Gerbstoffe,” 1913). 
It was, incidentally, also thought possible that an anthocyanin 
derived from a gall might prove to be closely allied to quercetone 
or isoquercetone, both anthocyanin-like oxidation products of 
quercetin, described by Nierenstein and Wheldale ( Ber 1911, 44, 
3487) and Nierenstein (T., 1915, 107, 869; 1917, ill, 4), as it 
was probable that the accelerated oxidative processes common to 
larvae and imagines (compare ELrogh, “The Respiratory Exchanges 
of Animals and Man,” 1916), which, in addition to numerous 
inquilines, are present in large numbers in galls (compare Connold, 
loc. cit .; Kiister, loc. cit.), would favour the production of an 
oxidation product, such as quercetone, and not that of a reduction 
product, such as cyanidin (compare Everest, Proc . Boy. Soc., 1914, 
[if], 87, 444). 

The investigation of the red colouring matter derived from the 
“red pea gall” has, however, to some extent proved disappointing. 
It was found that dryophantin, the name suggested for this pig¬ 
ment, was in no way allied either to the flavones or to the 
anthocyanins, but that it consisted of purpurogallin and two mole¬ 
cules of dextrose. On the other hand, it must be mentioned that 
purpurogallin has not previously been found in nature. Dryo¬ 
phantin is derived from pyrogallol, like gallotannin, and is there¬ 
fore of pathological origin, like the latter. Dryophantin, how¬ 
ever, cannot be regarded as an anthocyanin, and probably the same 
can be said of the other so-called anthocyanins derived from plant 
galls. It is. therefore proposed to classify these red pigments in a 
new group of natural organic colouring matters, to which the name 
gallorubrones is assigned. 
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Preparation of Dryophantin . 

The galls used in this investigation were collected in the vicinity 
of Bristol and East London during the months of August and 
September, 1913, 1915, 1917, and 1918, and care was taken to 
avoid admixtures with the different galls of the Neuroterus species 
frequently met with on the same leaves as the galls of Dryophanta 
divisa. In all, 94 grams of the galls were collected, and the dried 
material was powdered and extracted in a Soxhlet apparatus, at 
first with ether and subsequently with chloroform, so as to remove 
wax, chlorophyll, and the so-called gall-fats. The carefully dried 
powder was then again extracted in a Soxhlet apparatus with 
alcohol, which dissolved both the colouring matter and the tannins. 
The alcohol was distilled off in a vacuum, and the viscid residue 
redissolved in water. The cold aqueous solution, made up to 
150 c.c., was shaken with 5 grams of fat-free caseinogen to remove 
the tannins (compare Horner and Nierenstein, Chem. Zeit ., 1911, 
36, 31), filtered, and extracted with ether. The ether left on 
evaporation only traces of a tarry substance, apparently a by¬ 
product. The aqueous solution was evaporated under diminished 
pressure at about 55° (water-bath temperature), and the residue 
dissolved in boiling alcohol and filtered. The red alcoholic extract, 
after being evaporated to a small bulk, was poured into water, the 
mixture extracted several times with ether, and the small quanti¬ 
ties of alcohol and ether present were removed from the aqueous 
liquid by prolonged heating on a boiling-water bath. The solu¬ 
tion, on cooling, became semi-solid, owing to the separation of 
crystals; these were collected and washed repeatedly with ether 
and dilute alcohol. The deep red product obtained in this way 
was purified by several crystallisations from dilute, and finally 
absolute, alcohol. The air-dry substance was dried at 130° for 
analysis, without apparent loss of weight. The total amount of 
dryophantin thus obtained corresponded with about 4 grams, and 
there was no apparent difference if fresh or old material (about 
six months old) was used, which showed that there was apparently 
no deterioration on keeping. 

Found: C = 50*2, 50*4; H = 5*5, 5*4. 

C 23 H 28 0 15 requires 0=50*6; H = 5*2 per cent. 

Dryophantin was obtained in deep red, glistening needles with 
a bronzy lustre. It was almost insoluble in cold alcohol, sparingly 
soluble in hot water, but fairly readily so in boiling methyl and 
ethyl alcohol, and in larger quantities of boiling acetone. It 
sintered at 216° and melted at 219—220° to a viscous liquid. The 
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addition of ferric chloride to its alcoholic solution produced a 
brick-red precipitate, and a similar precipitate, but slightly darker 
in colour, was also obtained by the addition of lead acetate. A 
trace of ammonia turned the alcoholic solution deep blue, which 
became red on acidification. These colour changes could be pro¬ 
duced in an unlimited number of times in the same solution with¬ 
out affecting its sensitiveness to these reagents. Similar blue solu¬ 
tions were also obtained by the addition of sodium, potassium, or 
barium hydroxides to alcoholic solutions of dryophantin. In this 
connexion, it must be mentioned that similar colour changes are 
also given by purpurogallin itself (compare Wichelhaus, Ber., 
1872, 5, 848; Struve, Annalen , 1872, 16S, 164; Hooker, Ber. } 
1887, 20, 3259). On repeating these observations, it was found, 
however, that the colour changes are not so permanent in the case 
of purpurogallin as in the case of dryophantin. 


Hydrolysis of Dryophantin. 

Experiments having shown that dryophantin was a glucoside, 
its decomposition with acid was studied in the following maimer. 

0*5246 Gram, dissolved in 550 c.c. of boiling water, was digested 
with 5 c.c. of sulphuric acid for two hours. A deep red, crystal¬ 
line product commenced to separate, and more of it was deposited 
on cooling. This was collected in a Gooch crucible, washed with 
cold water so as to remove all traces of sulphuric acid, and dried 
at 160°. In this way, 0*1928 gram of purpurogallin was obtained. 

Found: Purpurogallin = 36*7. 

CggHggOjg requires purpurogallin =40*4 per cent. 

The low value obtained for purpurogallin is due to its sparing 
solubility in water, and it was found that the filtrate recovered on 
hydrolysis of dryophantin to which had been added the washings 
of purpurogallin contained 2*2 per cent, of purpurogallin, when 
determined colorimetrically by Willstatter and Stoll’s method for 
the estimation of small amounts of purpurogallin ( Annalen, 1918, 
4/10, 46). The total amount of purpurogallin from dryophantin 
corresponded, therefore, with 38-9 per cent., which is 1*5 per cent, 
below the theoretical if the hydrolysis of dryophantin is expressed 

^•23-^28^25 + 2 HoO = CjjHgOg'-f 2C 6 H 12 0 6 . 

A second experiment gave 37*1 per cent, of purpurogallin 
gravimetrically and 1*9 per cent, colorimetrically, corresponding 
with 39*0 per cent, of purpurogallin, which is 1*4 per cent, below 
the theoretical. 
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The purpurogallin recovered from dryophantin was recrystallised 
from glacial acetic acid, and had the correct melting point of 
274—275° generally given for purpurogallin (Found: C = 59'8; 
H = 3*7. Calc.: C = 60'0; H=3'6 per cent.). The acetyl deriv¬ 
ative, which had "been prepared by digesting with acetic anhydride, 
crystallised from alcohol in. orange-yellow needles melting at 
179—180°, and the melting point was not depressed after mixing 
with the tetra-acetyl derivative of purpurogallin (Found : 
C = 59'2; H = 4*7. Calc.: C = 58-7; H = 4-l per cent.). 

The filtrate from the first hydrolysis was quantitatively tested 
for dextrose by Fischer and Freudenberg’s method ( Ber ., 1912, 
45, 915), and the dextrose estimated volumetrically in several 
portions of the hydrolysate by Bertrand’s method (Bull. Soc. chim., 
1906, [iii], 85, 1286), as used by Geake and Ffierenstein (Ber., 
1914, 47, 893) for the estimation of dextrose in gallotannin. 

Found: Dextrose = 62'8, 63*1, 63'0. 

C 23 H 28 O ig requires dextrose = 63'3 per cent. 

The filtrate of the second hydrolysis was prepared as in the 
experiment for the quantitative estimation of dextrose, and then 
concentrated to a small bulk. It was subsequently converted into 
dextrosazone, which crystallised from dilute alcohol in glistening, 
yellow needles melting at 203—204° (Found: N = 15'8. Calc.: 
N=15'6 per cent,). 

The author begs to acknowledge his indebtedness to the Govern¬ 
ment Grant Committee of the Royal Society for a grant from 
which much of the cost of the investigation was defrayed. 

Bio - chemical Laboratory, 

Chemical Department, 

University or Bristol. [Received, October 6th, 1919.] 


OXXIY .—The Effect of Salts on the Vapour Pressure 
and Degree of Dissociation of Acetic Acid in 
Solution . An Experimental Refutation of the 

Hypothesis that Neutral Salts Increase the Dissocia¬ 
tion Constants of Weak Acids and Bases, 

By James William McBain and James Kah. 

In 1899 Arrhenius proposed a modification of his classical dis¬ 
sociation theory to the effect that salts increase the dissociation 
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constants of weak acids present with them in solution, as if either 
the water had acquired greater dissociating power or the salt itself 
was acting as a dissociating medium. The experimental evidence 
lie adduced was the rate of inversion of sucrose by weak acids in 
the presence of salts, 

Arrhenius’s idea was very generally accepted and developed, 
particularly in the field of non-aqueous solutions; hut in 1914 it 
was called in question hy McBain and Coleman’s re-interpretation 
of the direct experimental evidence. On recalculation of the data 
given by Arrhenius, in conformity with present-day conceptions 
of this reaction, they found that the supposed effect was entirely 
absent, thus reversing the significance of the experiments. In 
other words, the dissociation constant of weak acids is not affected 
by the presence of salts. 

They followed this up by a review of all the available experi¬ 
mental evidence bearing on this subject, and they found that it 
supported only the simple form of the classical dissociation theory. 

One isolated group of experiments was left outstanding, inas¬ 
much as in this particular case the measurements were conflicting 
in their evidence; these were certain determinations of hydrogen 
ions hy the method of electromotive force. The potential of the 
hydrogen electrode in solutions of acetic acid was greater than 
that predicted when sodium chloride' was present, although this 
was not the case when sodium acetate was the added salt. 


(1) Object of the Present Investigation. 

The present communication adduces a hitherto unsuspected hut 
general effect of such gaits as sodium chloride on undissociated 
acetic acid, which would account for the apparent results derived 
from the measurements of hydrogen electrode potential. 

The equilibrium under discussion is 

HAc —■ JE* + Ac / , 

where HAc stands for a weak acid such as acetic acid. The 
potential of the hydrogen electrode in this solution is admittedly 
too great when sodium chloride is present. This has hitherto 
been interpreted as a real increase in acidity; in other words, a 
displacement of the equilibrium to the right—an enhancement of 
the dissociation constant itself. 

The electrical potential of the hydrogen electrode, however, 
measures the product of the chemical potential and the concen¬ 
tration of the hydrogen ion. Instead of assuming that the increase 
in this product is due to increase in concentration, we here submit 
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experimental evidence for the alternative explanation that the 
other factor, the chemical potential, has been enhanced. 

If the concentration of the hydrogen ion has remained unaltered, 
but its chemical potential or reactivity has been increased, it is 
necessary for the continuance of equilibrium that the chemical 
potential or reactivity of the substance on the left-hand side of 
the chemical equation should likewise have increased. Such 
increase in reactivity or potential of undissociated acetic acid in 
the solution must be accompanied by a parallel increase in the 
partial pressure of acetic acid in the vapour phase. 

This is open to direct experimental test, and we find that a 
remarkable increase is actually exhibited, fully accounting for the 
electromotive force data observed. This removes the last evidence 
in favour of Arrhenius’s proposed modification of his classical dis¬ 
sociation theory. The effect here discovered has to be taken into 
account in most determinations of electromotive force. 

(2) The Experimental Method. 

The simple experimental method adopted was the distillation of 
aqueous solutions of acetic acid with and without addition of 
various salts. 

Pipettes, burettes, and measuring flasks were carefully cali¬ 
brated. The distillations were carried out in a flask of fused 
silica of about 1500 c.c. capacity, heated directly by contact with 
a large Bunsen flame. The neck and upper half of the flask were 
covered with a lagging of magnesia and asbestos, so as to avoid 
as much as possible fractional distillation in the flask. The dis¬ 
tance between burner and flask was kept constant through all 
distillations, as was also the flame itself. 

The quantity of distilling liquid was each time 1000 c.c., and 
the distillate was collected in four to five fractions of about 75 c.c. 
each. After each fraction, the distillation was quickly inter¬ 
rupted for the abstraction of a similar quantity of about 75 c.c. 
from the residue in the flask; the first residue was abstracted as 
soon as the liquid began to boil and just previous to the collection 
of the first fraction of the distillate. 

The residues were left to cool in glass-stoppered bottles, vaseline 
Being used oh the stoppers to prevent ingress of carbon dioxide 
; from : "the-air. ■ 

Samples of 20 c c. of each of the distillates and residues were 
titrated against standard solutions of sodium hydroxide of 
approximately equal strength, with phenolphthalein as indicator; 
the usual precautions were taken to avoid the vitiating effect of 
carbonic acid. Thus for each distillate the ratio E z could be 
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determined between the concentrations of acetic acid in that dis¬ 
tillate and the mean concentration of acid in the residue in the 
flask before and after. 

Thus the ratio E 2 was determined for solutions of acetic acid 
of concentrations varying from 0*05 to 0*5iF. It appeared that, 
at least between these limits, R% increases only very slightly with 
the concentration, as is apparent from the curve No. I of Fig. 1, 
which shows the value of S 2 plotted against the acid concen¬ 
trations. 

The same operations were repeated with solutions of sodium, 
potassium, and lithium chlorides, potassium thiocyanate, potassium 
nitrate, sodium sulphate, and sodium acetate in 0'05 to 0"42V T -sohi~ 
tions of acetic acid. The concentration of the salts was deter¬ 
mined by careful evaporation of 20 c.c. of each residue in a porce¬ 
lain evaporating dish in a hot-air oven at temperatures depending 
on the nature of the salt in question. The acetic acid was titrated 
as before, in distillate and residue, to obtain the ratio R 1 of the 
concentration. 

The values of the ratios R 1 are dependent on the concentration 
of the salts, but they are independent of the concentration of 
acetic acid. Sodium acetate differs from the other salts investi¬ 
gated in that it has scarcely any effect on the distillation of acetic 
acid. 

In this manner, values of R z derived from a very large number 
of distillations of solutions of pure acetic acid became the standard 
of comparison for a number of distillations of acetic acid contain¬ 
ing added salts. 

/jp ^ \ 

The expression 100 --- -p;—- gives the percentage increase of 

the ratio R x caused by the addition of salt. The experimental 
data here presented comprise well above one hundred such 
determinations. 

(3) Method of Calculation of the Distillation Data. 

Distillation was selected for the measurement of the partial 
vapour pressure of acetic acid merely for the sake of convenience 
and accuracy. It must be borne in mind that the composition of 
the distillate shows only the relative proportion of acetic acid and 
water vapour in the vapour phase above the solution. What is 
required is the absolute magnitude of the partial vapour pressure 
of acetic acid at a definite temperature, say 100°, The polymerisa¬ 
tion of the acetic acid vapour may be neglected for the present 
purpose, since Ifcvamounts to only a few per cent, at these low 
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partial pressures. Even this slight effect is largely eliminated in 
comparing B 1 with i? 2 . 

Ordinary variations in barometric pressure and the concomitant 
alterations in boiling point have no appreciable influence on the 
composition of the distillate. Hence, all the distillations may 
without error be regarded as having been in effect carried out at 
100°, even where much salt has been added. 

In order to obtain the absolute instead of the relative magnitude 
of the partial pressure of acetic acid in the vapour distilling over 
at 100 °, the actual partial pressure of the water has to be 
evaluated. Now, the partial pressure of the water, which in pure 
water was 760 mm., has been diminished by two effects, for which 
allowance has to be made. 

The first correction may be termed the “ osmotic correction.” 
The vapour pressure of the solvent has been reduced in familiar 
fashion through the osmotic activity of the substance in solution. 
Hence, in all cases the observed concentration of the acetic acid in 
the distillate must be diminished accordingly before use. This is 
readily done with sufficient accuracy for the present purpose by 
taking the lowering of vapour pressure of the solvent to be T8Q per 
cent, per mol. of total solute (ions and undissociated acid and 
salt). 

The second correction is the “volatility correction.” It results 
from the effect of the appreciable partial pressure of the acetic 
acid in lowering the pressure at which the water actually distils 
over, instead of this occurring at a partial pressure of water vapour 
equal to 760 mm. Here again, then, in order to base the relative 
magnitude of the partial pressure of acetic acid on the constant 
value of 760 mm. for that of water vapour throughout, the vola¬ 
tility correction has to be applied so as to dimmish the observed 
concentration of the acetic acid in the distillate accordingly. This 
consists in the reduction of the latter by 0*12 per cent, for a 0'liV- 
; solution of acetic acid, and taking this correction as proportional to 
the concentration of the acetic acid in the distillate. Since the 
acetic acid was at most NJ2, this correction in no case exceeded 
0‘6 per cent. .... 

A third and final correction had to be made, this time in the 
apparent composition of the solution undergoing distillation. This 
is the “correction for dissociation” of the acetic acid in the solu¬ 
tion. The actual ratios measured were those between the con¬ 
centrations of distillates and the corresponding solutions in the 
distilling flask (the “residues”). What is required is the ratio 
based on the actual concentration of undissociated acetic acid in 
the flask. In the case of solutions containing only acetic acid, 
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this consisted simply in subtracting the known amount of dis¬ 
sociated acetic acid from the total concentration of acetic acid in 
the flask. The dissociation constant of acetic acid was taken to be 
1-11 x 10- 5 at 100°. 

The correction for dissociation involves much calculation where 
salt is present, since in order to determine the actual concentration 
of undissociated acetic acid, it is necessary to calculate the amounts 
of the various ions and undissociated salts present, including those 
formed by metathesis. For example, with common salt the follow¬ 
ing molecular species were present: H‘, Ac 7 , Na*. Cl 7 , HAc, HC1, 
NaCl, and NaAc. 

This was done by Arrhenius’s method, which is based on the 
principle of isohydrism (loc. cit .), and agrees with the method of 
Sherrill (J. Amer. Chem. Soc., 1910, 32, 741). The calculation 
is laborious and involves successive approximations. Fortunately, 
the exact degree of dissociation of the various salts has but little 
influence on the results, since the really important values appear in 
both numerator and denominator of Arrhenius’s equations; con¬ 
ductivity data at the ordinary temperature could therefore be 
employed failing the existence of such at higher temperatures and 
concentrations. Indeed, the calculation for solutions of one salt 
in acetic acid might have been applied to the case of any other 
salt of the same concentrations, except, of course, in the case of 
sodium acetate. The effect is chiefly dependent on the relative 
concentration of acid and added salts. 

(4) The Distillation of Solutions of Pure Acetic Add. 

Following the method already described, fifteen distillations were 
carried out with Nj 20- to Nf 2-solutions of acetic acid involving 
more than seventy determinations. The object in view was to 
determine the ratio R 2 , that is, the ratio, concentration of acid in 
distillate to concentration of acid in residue. 

Thus B 2 =g, 

G c i being the concentration of the distillate, C r being the mean 
value of the concentrations of the residue before and after the 
separation of the distillate. 

The experimental evidence is summarised in table I. For any 
one concentration, the results agreed to within 1 per cent. The 
values of i? 2 were corrected as described in Section (3) above, and 
they increase by only about 1 per cent, over the whole range of 
concentration. The relative concentration of double molecules, 
which has not been allowed for, changes from about 5 to 3 per 
cent, over this same range. 
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Table I. (Curve I.) 

Ratio of Concentration in Distillate and Residues in Aqueous 
Acetic Acid . . 


Concentration. 

of acid in J® 2 A? 

flask. (uncorreeted). (corrected). 

37/20 0*662 0*671 

37/10 0*666 0*671 

37/5 0*673 0*674 

37/3 0*680 0*677 

37/2 0*685 0*678 


Tiie corrected values of JS 2 increase very slowly indeed. Plotting 
them against the concentrations, we obtain a straight line (Curve I 
in Pig. 1). 


Fig. 1. 



I. CH s *C0 2 H, corr. (B=0*671; 0=0*678). 

II. NaCl, uncorr. Percentage increase due to salt. 

III. NaCi, corr. „ „ „ 

IV. KOI, „ „ „ „ „ 

Y. KCNS, „ „ ■ „ 

VI< -- ^ kK 1 -^}- 1 ^- 2 ' 3026 + 

AO = t> 0 =l. 

Ratios of acetic acid in distillate and residue with and without 
. added salts. 

The corrections for volatility and osmotic effect can be taken 
from graphs; for example, in the case of if/20-acetic acid, they 
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amount to -0*06 and —0*09 per cent, respectively. The third 
correction for degree of dissociation of the acetic acid is here 1*50 
per cent. Thus the total correction in this case is an increase of 
1*35 per cent, on the observed ratio R. 2 ~ 0*662. Hence we obtain 
# 2 (corrected) = 0*662 x 1-0135=0*671. 

This value is smaller than the one arrived at by Lord Rayleigh 
(Phil. Mag., 1902, [vi], 4, 535), 2? 2 =0*73. Corrected, it reduces 
slightly to 0-725, which is still considerably greater (the reduction 
in this case being caused by the method of calculation of R 2 from 
the residues). The discrepancy is, however, probably due to the 
different manner of heating. Lord Rayleigh kept the neck and 
upper part of the distilling flask hotter than the boiling liquid in 
order to prevent condensation. We found, however, that this 
involved the quantitative evaporation of drops splashing up from 
the boiling liquid, which produces the same error as if they had 
splashed directly into the distillate. It was for this reason that we 
relied on good heat insulation and fairly rapid distillation. 


Note on the Calculation of the Composition of the Residues at any 
given Stage of the Distillation of Acetic Acid. 

Following Lord Rayleigh ( loc. cit .), but using concentration of 
residues expressed in mols. per litre, 

C r \Tj 

where C Q and are the concentrations and F 0 and Fj the volumes 
in the distilling flask before and after the distillation. 

For example, for # 2 =0*671 and ^9 = 8*221. Hence, in 

2 >i 

order to double the concentration of the residual acid solution in 

the flask, =0*878, or almost 88 per cent, of the volume of the 
8*221 

solution must be distilled over. For 7f? a =Q*73 (Rayleigh’s value 
in N( 10-solution), this quantity would amount to 92 per cent. 

Again, if 40 per cent, of the original volume of solution is dis¬ 
tilled off, that is, if V l = 0*6 F 0 ,2l =1*183, which means that the 
concentration of the residue will have increased by 18*3 per cent. 

(5) The Dxperimental Data for Added Salts. 

Having determined the ratios R 2 f° r solutions of acetic acid, the 
corresponding ratios, Ri, were obtained in exactly the same manner, 
but 'with a salt added to the solution. ' 

VOL. CSV. . , '3 E ^ 
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The salts used were the purest obtainable m 1913, and are 
named in Section (2) (above). 

The distillates were in each case tested for traces of the stronger 
acid formed by metathesis, but these were found to be negligible. 
The corrections were calculated and applied in the same manner 
as before, except that the acetic acid destroyed by metathesis was 
calculated according to Arrhenius’s principle of isohydrism 
(,Zeitsch . physical. Chem., 1899, 80, 208). 

The results are summarised in tables II —VIII, which require 
no further explanation, except to note that in tables II and VII 
space is saved by averaging the figures for all the values obtained 
over certain ranges of concentration. The number of experimental 
values so averaged is given in the last column. 

With the exception of sodium acetate, all these salts cause a 


and sodium chloride shows 


remarkable increase of the ratio 

O r 

this increase more than any other of the salts investigated. Sodium 
acetate, on the other hand, appears to have no appreciable effect 
even in TOV-solution. 

Tables IX.— VIII. 

Ratios R x of Concentration of Distillates and Residues of Aqueous 
Acetic Acid with added Salts, and Increase thereof over R> 
of Table I. 

Table II. (Curves II. and III.). .Sodium Chloride . 


HAe. 

Salt. 

Bi. ■ 

R,. 

Pi 

(corr.). 

z, 100 ra-si 

(corr.). 100 L JR, J 

Expts 

0-1—0-2 

(0-12) 

0-688 

0*669 

0-690 

0*673 

2-6 

7 

0*1—0-3 

(0-21} 

0-708 

0*671 

0-710 

0*673 

6*4 

16 

0-1—0-3 

(0-29) 

0*721 

0*672 

0*716 

0-673 

6*6 

15 

0-1—0-3 

(0-41) 

0-742 

0*671 

0*721 

0-673 

9-6 

4 

0-13 

0-661 

0-790 

0*668 

0-715 

0-671 

16*9 

1 

0-076 

1-04 

0-830 

0-663 

0-820 

0*671 

22-2 

1 

0-078 

1-38 

0-904 

0-664 

0-885 

0-671 

32*1 

1 

0-077 

2-30 

1-076 

0-664 

1-033 

0-671 

53*9 

1 

. 'Table III. 

(Curve IV., Fig. 1). Potassium 

Chloride. 


0*22 

0-2—0-3 

0-7146 

0*673 

0-7111 

0-674 

5*55 

4 

0-2540 

0-4673 

0-7389 

0*675 

0-7309 

0-675 

8-20 

. 1- 

0-2157 

(0-70) 

0-7741 

0*673 

0-769 

0*674 

13-55 

2 

0-2053 

0-9228 

0-8121 

0?673 

0-7930 

0*674 

17*70 

1 

0-22 

1*17 

0-8383 

0*673 

0-8133 

0-674 

21-55 

2 

0*2194 

1*953 

0-9363 

0*673 

0*8872 

0-674 

31-60 

1 


Table TV. (Curve V., Rig. 

0-2—0-23 0-2—0-34 0-6900 0-673 

0*2673 0-5690 0-7297 0-675 

0-2366 1-663 0-7693 0-674 

0-2595 2-451 0-8710 0-675 


1). Potassium Thiocyanate. 


0*6868 

0-674 

1*90 

6 

0-7181 

0-675 

6-40 

1 

0-7343 

0-674 

8-90 

1 

0-8112 

0-675 

20-10 

' 1 
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Table V. (Curve VI., Fig. 2). Sodium Sulphate. 


HAc. 

Salt. 

■Bi- 

i? 2 . 

R t . 

(corr.). 

J? 2 . 

(corr.). 

100 [t^] 

Expis. 

0-22 

(0*07) 

0-689 

0-673 

0*669 

0-674 

-0-7' 

5 

0-22 

(0*13) 

0*674 

0-673 

0-673 

0-674 

-0-2 

8 

, 0-25 

(0*22) 

0*674 

0-675 

0-671 

0-674 

-0-4 

7 

0*25 

(0-35) 

0-683 

0*675 

0-678 

0-674 

4-0-5 

5 

0*27 

(0-61) 

0*710 

0*677 

0*700 

0-675 

+ 3*8 

2 

0-29 

1-10 

0*762 . 

0*678 

0*743 

0-675 

+ 10*0 

1 

0-21 

1*40 

0*807 

0-673 

0*786 

0-674 

+ 16-6 

1 

0-22 

1-54 

0-839 

0*673 

0*813 

0-674 

+ 20-6 

1 

Table VI. 

(Curve 

VII., 

Fig. 2). 

Lithium Chloride 


0-2—0*22 

0*2—0*25 

0*7143 

0*673 

0-7116 

0-674 

5-57 

3 

0-2269 

0*2799 

0*7188 

0*673 

0*7147 

0-674 

6-00 

1 

0-2469 

0*3930 

0-7450 

0*674 

0*7375 

0-674 

9*40 

1 


Fig. 2. 



Percentage increase in ratios of acetic acid in distillate and residue 
due to added salts. 


Table VII. (Curve VIII., Fig. 2). Potassium Nitrate. 


0*21 

0-22 0*6944 0*673 0*6940 

0*674 

.1*13 

2' 

0-24 

0*3—0*5 0-7198 0-674 0-7110 

0*674 

2*32 

2 

Table VIII. (Curve IX., Fig. 2). 

Sodium 

Acetate. 


0-11 

(0*14) 0*6822 0*667 0-6769 

0*671 

0*8 

3 

0-1—0*23 

0-4—0*67 0*6948 0*671 0*6799 

0*673; 

0*9 

7 

0-1—0*28 

0-9—1*1 0-7001 . 0*673 0*6799 

0-673 

1-3 

: 3 

0*2900 

1*810 0*7244 0*678 0*6834 

0*675 

1-3 

1 


The increase of R ly the relative concentration of the distillate, 
for the same solution of acetic acid, that is, the expression 

3 E 2 
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100(5^S) amounted to no less than 62 per cent, (observed) 

in the case of 2*3iY-sodium chloride. 

The increase for most salts seems proportional to the concentra¬ 
tion of the salt and independent of the concentration of acetic 
acid* 

Curves II—V of Fig. 1 and VI of Fig. 2 show this percentage 
increase plotted against the concentrations, and they point con¬ 
vincingly towards a straight line function between these two values. 
Sodium sulphate differs from all the other salts in that the experi¬ 
mental evidence shows a slightly negative effect at lower concen¬ 
trations, up to about 0* 32^. 


Note on the Calculation of Residues in the Presence of Salts which 
exhibit a Straight Line Function of the Ratio Increase. 


The calculation is similar to the one for the pure acid solution, 
but we must introduce the functional relation of R l with regard 
to the concentration of the salt. 

We have found experimentally for all salts except the sulphate 
and acetate 


- lOOKp or B l = B,{Ep + 1). 

in which p is the concentration of the salt and E is a constant. 
Hence R-j^—R^^. + 1^, where V is the volume in litres containing 
1 mol. of salt. 

If there are ij mols. of acetic acid in V litres of the solution in 
the flask, and a quantity dv of the solution containing dy of the 
acetic acid distils over, we may set the concentration of the dis¬ 
tillate equal to ^ = R>J^ + ^)f- Since c = and by 


fin 

differentiation — = 
■ c 

dc ( R^K J3g- T 
c A v* v . 
Integrating, 


: % _ dV 

y y\ 

)dV. 


=. c + V— ■■ 
dV + V dV 


«(**’> 


■ bj,: 


(%-Va 


+ (i? 2 - l)ln 


t; 


! o 4 0 “ 2 r S03~ B s )( 1o 8 g 2-303 + 

where <7 0 and C 1 are the concentrations and F 0 and V 1 the volumes- 
in the distilling flask before and after distillation. 
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An alternative formula deducible in the same way is 



Either of these expressions can he used to calculate the con¬ 
centration of the acetic acid in the distilling flask if the initial 
value of the salt concentration and either its increase or the 
relative volume of the residual solution are given. They contain 
two constants. 100A is the one which is peculiar to the added 
salt, and it is simply the percentage increase by l-OA-salt. The 
other, is the ratio of acetic acid in distillate and residue for 
the same solution in the absence of salt. It is convenient to 
express V 1 as a fraction of ^0, the volume at the beginning of the 
distillation containing 1 mol. of salt; but the initial concentration 

of salt in mols. per litre— •=-. 


Inspection of the equations show that they are identical with 
that deduced above for solutions of pure acetic acid, except for 

This factor, of course, dis- 


the correcting factor 


appears for large values of F 0 , that is, for very low concentration 
of added salt. Conversely, for very high concentrations of salt it 
is predominant, as is evident from the consideration that for, say, 
2*6iF-potassium chloride, no separation takes place, owing to the 
concentration of acetic acid in the distillate having been so raised 
as to equal that of the residue. Above such concentrations, the 
residue becomes weaker instead of stronger. 

The general behaviour of a distillation is shown graphically in 
curve VIa. of Fig, 1, which assumes that l‘0A T -sodium chloride 
was initially present (F 0 =l). As the distillation proceeds, the 
salt accumulates, and the concentration of acetic acid in the residue 
slowly rises to a maximum where 50 per cent, of the liquid has 


G 

distilled over (Fi = 0*5). At this point, log-A = 0*03, whence 

'-'a 

the increase of concentration is 7-2 per cent. At F 1 = 0 , 2T, when 
73 per cent, has been distilled over, the concentration of the add 
is again the same as it was before the distillation. Beyond this 
C 

point, the value for log J assumes rapidly negative values, 

’ 

owing to the high concentration of salt in the residue. 

The general equation may be tested by one of our experimental 
results. Taking the last pair of values in table III for potassium 
chloride, 1' Oif-potassium chloride increases the ratio of acetic aci«t 
by 18‘5 per cent., hence A=0*185. Further, 7?., = 0*674, 
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V 1 = J '|2| F 0 , F 0 = . JL-. . These values inserted in the 1 equation 

l’i/Oii JL“ IJIO 

lead to the, prediction that C' 1 = 1'OT8<7 0 . Experimentally, (7 0 was 
0*211827 (less 1 per cent, for metathesis) and C 1 after distillation 
0"219427 (plus 5 per cent, for the three corrections). Hence 
a . 930 

Cj = - 1*095 C 0 . In general, the concentrations observed 

appear to agree with the predicted values within about 2 per cent. 

To sum up, the process of concentration or separation of the 
constituents of a binary mixture by means of distillation may thus 
be considerably accelerated or retarded by the addition of a salt, 
and will largely depend on the values of the constants H? 2 and K, 
that is, on the nature of the mixture and of the added salt. 

(6) Discussion of the Results. 

The remarkable effect of a salt on the partial vapour pressure 
of acetic acid must be evident from the preceding. Comparing the 
slopes of the various graphs showing the relationship between salt 
concentration and percentage ratio increase, it appears that the 
effect is greatest for the chlorides of lithium, sodium, and 
potassium, and least for sodium acetate. The effect is in all cases 
independent of the concentration of the acetic acid. 

The increase of the concentration of the residue in the flask for 
acetic acid in aqueous solution during the distillation, not very 
rapid in itself, is still less if salt is also present. At a concentra¬ 
tion of 2* 327-sodium chloride, the residue becomes weaker; in other 
words, the vapour phase in the flask contains more acetic acid than 
the liquid from which it originates. 

For sodium sulphate up to about 0-3527, the experimental 
evidence for the ratio increase seems somewhat complicated. If 
anything, there is a negative effect, as the course of curve VI in 
Fig. 2 indicates. Beyond 0*35i7, the effect is decidedly positive. 
Between 0*3527 and 1*127, the graph is practically a straight line, 
but beyond 1*127 its slope appears to increase until, at 1'5 527, the 
limit of solubility is approached. 

Sodium acetate up to 1*827 shows only a very slight effect. 
Although the effect of the cation is undeniable (note, for example, 
the greater slope of the ratio increase for sodium chloride as com¬ 
pared with the one for potassium chloride), the influence of the 
anion seems to be the predominating factor. The series sodium 
acetate, potassium nitrate, potassium thiocyanate, sodium sulphate, 
potassium chloride, lithium chloride, sodium chloride, shows the 
increase in a progressive degree. It is evident that this order is 
not that of the Hofmeister or lyotropic series. 
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It is well known that there is a general qualitative similarity 
between the effect of neutral salts on such various phenomena as 
solubilities of gases and non-electrolytes, surface tension, compressi¬ 
bility, maximum density of water, viscosity, dielectric constant, 
imbibition and gelatinisation of gels, and increase or decrease of 
rate of catalysis. The explanation of this undoubted parallelism 
is wholly unknown, and in each individual case there are pro¬ 
nounced exceptions. In the present instance, the exceptions are 
the acetate and the sulphate, although they may he paralleled by 
certain cases of catalysis. Possibly in the case of the sulphate our 
correction for metathesis (formation of HSO/) has not been suffici¬ 
ently great. The effects are reconcilable with a solvate form of 
the dissociation theory. 

With regard to the main thesis of this paper, it has now been 
proved that the reactivity of the undissociated acetic acid is 
increased by addition of such salts as sodium chloride. A 0‘22V T - 
solution is affected to the extent of 5*5 per cent, by 0*2ff 7 -sodium 
chloride. It was pointed out in the earlier paper (Joe. cit.) that 
Walpole’s measurements of electromotive force for this particular 
case gave a result for the hydrogen ion which was 7 or 8 per cent, 
too high. These two effects, 5*5 and 7 or 8 per cent., are equal 
within the experimental error, and thus the effect on the dissocia¬ 
tion constant deduced for acetic acid cancels out and leaves that 
constant unchanged by the presence of the salt. 

Thus the electromotive force data may be regarded as agreeing 
with all the other data bearing on this subject, and the experi¬ 
mental evidence all points to the conclusion that the dissociation 
constants of weak substances are not appreciably affected by the 
addition of salts. One point we have not investigated, namely, the 
effect of salts on the chemical potential of the acetate ion. 

Summary. 

(1) It is shown experimentally that many salts enhance the 
partial vapour pressure of acetic acid in aqueous solution by very 
appreciable amounts. In the case of 2'3A-sodium chloride, the 
increase amounts to no less than 62 per cent. 

(2) Since this partial pressure is a measure of the reactivity of 
the undissociated acid in the solution, the uhdissociated add must 
be regarded as exhibiting enhanced chemical potential in the 
presence of such salts. This is parallel with the available data for 
the effect of such salts on the measurement of hydrogen ion by 
electromotive force. The enhancement is thus discovered to be 
operative on both sides of the chemical equation, and hence to 
■leave' ..the . dissociation constant of' -acetic acid' ■' sensibly' ''Unaltered.;' 
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These experiments remove the only remaining evidence (apart; from 
the ambiguous behaviour of certain insufficiently investigated 
colloids) for the view that salts might have been regarded as 
increasing the strength of weak acids. 

(3) Whereas a number of salts increase the partial pressure of 
acetic acid to an extent proportional to the concentration, sodium 
sulphate exhibits a more complicated behaviour, whilst sodium 
acetate has only a very slight effect. All electromotive force data 
on weak acids in the presence of salts other than sodium acetate 
require to be corrected for the effects here described. 

The Chemical Department, 

University of Bristol. [Received, September 17 tft, 1919.] 


OXXV .—Some Ternary Systems containing Alkali 
Oxalates and Water. 

By Albert Cherbury David Rivett and Edmund Arthur 
O’Connor. 

There has been considerable discussion at various times regarding 
the alleged formation of certain double oxalates of the alkali 
metals. Wenzel is quoted by some early writers as maintaining 
the existence of the double salts K 9 C 2 0 4 ,I'Ta 2 C 2 G 4 and 
K 2 C 2 0 4 ,(NH 4 ) 2 C s 0 4 , 

but Ranmielsberg (Ann. Phys. Ghem., 1850, [ii], 79, 562) has 
thrown, doubt on the one case and Souchay and Lenssen (Annalen, 
1856, 99, 31) on the other. 

Foote and Andrew (Amer. Ghem. J., 1905, 34, 164) drew the 
same conclusions as Rammelsberg and Souchay and Lenssen, and 
claimed to have shown that these double oxalates do not exist at 
25° in the solid state. They state that the solid monohydrates of 
potassium and ammonium oxalates remain in equilibrium with a 
common saturated solution, and that the same holds for anhydrous 
sodium and hydrated potassium oxalates. A few years later, 
Barbier (Bull. Soc. chim., 1908, [iv], 3, 725) described a double 
oxalate of potassium and ammonium, stating that it might readily 
be formed by adding a concentrated solution of potassium oxalate 
to a saturated solution of ammonium carbonate. The analysis he 
quotes points to a pure, 1:1, anhydrous double salt. 
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None of the authors mentioned made complete investigations 
by the solubility method. Foote and Andrew (loc. cit.) obtained 
a few solubility figures, but to determine the solid phases present 
they relied on a general principle laid down in a previous paper 
(ibid., p. 153) that when two salts are mixed in varying propor¬ 
tions and treated with water at a constant temperature, the resi¬ 
due of undissolved solid remains constant in composition and the 
solution varies if a pure double salt is present, whilst, on the other 
hand, the residue varies and the solution remains constant in 
composition when a mere mixture of the two single salts is present. 
This rule is liable to mislead, if only because it does not take into 
account the possibility of the formation of mixed crystals (solid 
solutions). 

It has seemed worth while, therefore, to apply the solubility 
method more fully to some of these ternary systems of alkali 
oxalates in water. Knowledge of the solid phases present has 
been obtained by the customary graphic method of plotting in a 
triangular diagram the percentage compositions of pure solution 
and of the moist solid (or <c residue ”) in equilibrium with it, and 
extrapolating the straight line joining the two points to the com¬ 
position of the pure solid uncontaminated with adhering solution. 
The systems investigated are those containing potassium, sodium, 
and ammonium oxalates, in pairs, with water. The solid phases 
of the individual salts stable at these temperatures with their own 
aqueous solutions are, respectively, K 2 C 2 04,H 2 0, (NH 4 ) 2 C 2 0 4 ,H 2 Q, 
and. Na 2 C 2 0 4 . 


Experimental. 

I. System : K 2 C 2 0 4 --(NH 4 ).2C20 4 -H 2 0 at 25° and 50°. 

The system potassium oxalate, ammonium oxalate, and water 
has been examined at 25° and 50°, and the figures obtained are 
given in tables I and II, respectively, and plotted in Fig. I. 

Suitable mixtures of the salts (monohydrates) and water were 
heated in bottles, which were sealed and placed in a thermostat, 
in which they were continuously rotated for about forty-eight 
hours. IXndissolved solid was allowed to settle, and clear solution 
drawn into a pipette through a small plug of cotton wool held in 
rubber tubing. A known weight was diluted to a suitable volume 
for subsequent analyses. Residues were obtained by pouring solu¬ 
tion and suspended solid on to a Buchner funnel, drawing the 
solution through rapidly by means of a pump, but disconnecting 
the pump before more than a very small amount of air had .been 

, ■ ■■ ■■■■/,■ 3 E* 
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drawn through the moist solid. A slight loss of water vapour at 
50° is inevitable, but with rapid working it can be made almost 
negligible. 

Total oxalate was determined by titration of a fraction of the 
stock solution with standard potassium permanganate, ammonium 
by distillation with alkali and absorption of ammonia in standard 
acid, and potassium by difference. Concentrations have been ex¬ 
pressed in percentages by weight, but as densities have been deter¬ 
mined in all cases, figures for concentrations in other terms are 
readily obtainable. 


Table I. 

25°. 


Percentage composition of solution 
or residue (R). 


No. 

I 

Density. 

1*021 

kaqT 

(NH 4 ) 2 c 2 o 4 . 

5*01 

h 2 q. 

95*0 

Solid phases. 
(NH 4 ) 2 C ? 0 4 ,H 2 0. 
Solid solution of 

2 

1*040 

2*67 

4*72 

92*6 

R 2 


0*44 

81*3 

18*3 

K 3 C 3 0 4 ,H a O in 

(NH 4 ) 2 C a 0 4 ,H 2 0. 

3 

1*058 

4*32 

4*48 

91*2 


R 3 

— 

2*41 

56-4 

41*2 


4 

1*068 

6*51 

4*38 

89*1 


R 4 

— 

2-75 

61*1 

36-1 

py ■ 

5 

1*087 

9-48 

4-16 

86*4 

■ 

R 5 

' — 

2-62 

72*3 

25*1 

»■ 

6 

1*107 

12*10 

4*01 

83*9 

99 

7 

1*124 

14*18 

3*78 

81*0 


8 

1*128 

15*37 

3*68 

80*9 

■ 

9 

1*137 

16*54 

3*57 

79*9 


R 9 

— 

2*14 

80*4 

17-2 


10 

1*166 

19*39 

3*32 

77*3 

*» 

R 10 

■. — 

4*37 

76*4 

19*2 


11 

1*185 

21*9 

3*10 

75*0 


R 11 

— 

6*70 

76*2 

19*2 


12 

1*204 

24*3 

2*90 

72*8 


R 12 

— 

13*4 

61*9 

24*7 


13 

1*217 

25*9 

2*75 

71*3 

Two solid solutions 

14 

1*216 

26*3 

1*83 

71*9 

(i) K>C a 0 4 ,E 2 0 h 

(NH 4 ) a c 2 o 4 ,H 8 o 

(ii) (NH f )CA,H s C 
in K,C 3 0 4 ,H 5 0. 

Solid solution o 

15 

1*216 

26-8 

0*85 

72*3 

(NH 4 )CA,H b O u 

k 2 c 2 o 4 Xo. 

16 

1*215 

27*2 

— 

72*8 

K 2 C a 0 4 ,Hj0. 
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Table II. 

50°. 


Percentage composition of solution 
or residue (R). 


No. 

Density. 

K a C 2 G 4 . 

(NH 4 ) 2 C a 0 4 . 

H a G. 

Solid phases. 

1 

1*034 

— 

9*63 

90*4 

(NH 4 ) a C a 0 4 ,H 2 0. 

2 

1*080 

7*99 

8*40 

83*6 

Solid solution of 
K 2 CA„H 2 Q in 

(NH 4 ) a C 3 0 4 ,H a 0.' 

3 

1*136 

16*20 

7*10 

76*7 

R 3 

— 

4-20 

70*0 

25*8 

*» 

4 

1*164 

17*99 

6*79 

75*2 


R 4 

— 

5*72 

66*7 

27*6 

>> 

5 

1*187 

22-4 

6*10 

71*5 


R 5 

— 

13*3 

55*9 

30*8 


6 

1*203 

24*4 

5*75 

69*8 

s 

R 6 

— 

15*2 

56*3 

28*5 

Two solid solutions : 

7 

1*254 

30*4 

4*78 

64*8 

(i) K 2 C 2 0 4 ,H 2 0 in 
(NH 4 ) a c 2 o 4 ,H 2 o. 

(ii) (NH 4 ) 2 C 2 0 4 ,H 2 0 
in K,G,0 4 ,H,0. 

Solid solution of 

8 

1*251 

31*0 

3*34 

65*7 

(NH 4 ) 2 0 2 O 4 ,H 2 O in 

k 2 c 3 o 4 ,h 2 o. 

9 

1*252 

31*5 

2*64 

65*9 

R 9 

— 

75*5 

0*47 

24*0 


10 

1*252 

33*1 

—. 

66*9 

k,c 2 o 4 ,h 2 o. 


Fig. 1. 



With the exception of. some of the residues, .these results are 
'plotted:.'"in' 1, and show ' distinctly' that. only: two. solubility 

3 E* 2 
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curves are obtainable at each of these temperatures,, the two meet¬ 
ing sharply at a quadruple (or condensed triple) point. 

There is no evidence at all of- the existence of a double salt. 
On the other hand, it is quite apparent from the relations between 
compositions of solutions and corresponding residues (shown only 
for 50°) that the solid phase present in those complexes in which 
excess of ammonium oxalate is taken (curve GB ) is not this pure 
solid, but contains in addition some potassium oxalate. The pro¬ 
portions of the two in the solid vary according to the composition 
of the solution in equilibrium, and the evidence is definite that 
mixed crystals of the two salts are produced. The more potassium 
oxalate there is in the solution, the more there is in the solid. 
The same must hold with regard to the solids in equilibrium along 
the curve AB. These solids will be mainly potassium oxalate 
with steadily increasing proportions of ammonium oxalate. The 
amounts of ammonium oxalate in solutions along this curve are, 
however, so small that a slight error in the analysis of the residue 
may make the extrapolation method uncertain in showing the solid 
phase. 

Some of the mixed crystals were dried by draining on a porous 
tile in a closed vessel immersed in the thermostat. Analysis 
proved the two constituents of these mixed crystals to be the 
respective monohydrates. 

The form of the isotherms, with a sharp change of direction at 
B, shows that two distinct solid phases must he present at this, a 
univariant, point. It follows that the series of mixed crystals is 
not complete, but that there is a limit to the solubility of each 
solid in the other. These limits have not been determined. The 
compositions are also not given by such points as D and E in 
Fig. 1, those of the exact solid solutions in equilibrium with the 
corresponding liquid solutions at the other ends of the tie-lines. 
Some of the crystals may have had a core of the pure main con¬ 
stituent, so that the mean composition represented by D and E 
may be low in potassium oxalate as compared with the solid solu¬ 
tion itself. All that is established is the existence of mixed 
: crystals. 

The work of Foote and Andrew ( loc, cit.) is not quite extended 
enough to "show this. They obtained only the points A. B, and C 
at 25°. 

It has been found impossible to repeat the work of Barbier, 
(loc. cit.). which pointed to the formation of an anhydrous double 
salt, KgCgC^, (NH 4 ) 2 C 2 0 4 . By following closely the method which 
he described for isolating the compound, crystals were precipitated 
which, after drying on a porous tile, contained 81T per cent, of 
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ammonium oxalate, 5*8 per cent, of potassium oxalate, and (by 
difference) 13T per cent, of water. After washing with a solution 
of ammonia, as recommended by Barbier, the proportion of 
potassium oxalate decreased slightly. It appears certain that this 
precipitate consists of mixed crystals of the two hydrates. 

It is of interest to note that Souehay and Lenssen ( lac . cit.), 
following Wenzel’s instructions for preparing the alleged double 
salt, obtained crystals which .they stated to he ammonium oxalate, 
but containing 0*9 per cent, potash. 


II. System: Na 2 C 2 0 4 -(NH 4 ) s C 2 Q 4 -H 2 0 at 25° and 50°. 

Sodium oxalate differs from both the potassium and ammonium 
salts in crystallising anhydrous from aqueous solution; hence it is 
less likely that mixed crystals will be formed between it and either 
of the other two. The figures in tables III and IV show that 
neither double salt nor mixed crystals occur in the sodium- 
ammonium system at 25° or 50°. The method of analysis was 
similar to that adopted for the previous system. 


No. 

Density. 

Table III. 

25°. 

Percentage composition of solution 
or residue (R). 

Na' 3 C 2 0 4 . (NH 4 ) 2 C 2 0 4 . H a Q. 

Solid phases. 

1 

1*027 

3*73 

— 

96*3 

Na 2 C 2 0 4 . 

2 

1*030 

3*69 

0*74 

95*6 

3 

1*033 

3*65 

1*49 

94*6 


R 3 

— 

63*9 

0*53 

35*6 


4 

1*037 

3*50 

2*48 

94*0 


5 

1*039 

3*51 

2*89 

93*6 

9f 

0 

1*043 

3*46 

3*77 

92*8 

9f ' 

7 

1*047 

3*41 

4*74 

91-8 

Na 2 C»0 4 and 

8 

1*043 

2-85 

4*75 

92*4 

(NH 4 ) 2 c 2 o 4 ,H 2 o. 
{NH 4 ) 3 C 2 0 4 ,H 2 0. 

9 

1*035 

1*82 

4*81 

93*4 

R 9 

— ■ 

0-40 

66*9 

32*7 


10 

1*028 

0*89 

4*88 

94*2 

„ ' 

11 

1*021 

—. 

5*01 

95*0 

„■ ' 
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Table IV. 

50°. 

Percentage composition of solution 
or residue (R). 


No. 

Density. 

Na a C 2 0 4 . 

(NH 4 )oC 2 0 4 . 

h 2 o. 

Solid phases. 

1 

1-023 

4*54 

— 

95*5 

Na 2 C 2 0 4 . 

2 

1*031 

4*46 

1*59 

94*0 

i 

1*036 

4*37 

3*14 

92*5 

n 

4 

1*044 

4*28 

4*64 

91*1 


R 4 

— 

70*0 

1*47 

28*5 

„ 

5 

1*049 

4*29 

6*12 

89*6 


6 

1-056 

4*13 

7*86 

88*0 

,, 

R 8 

— 

56*7 

3*54 

39*8 


7 

1*063 

4*05 

9*19 

86*8 

Na 2 C 2 0 4 and 
(NH 4 )A0 4 s H 2 0. 

8 

1*059 

3*57 

9*21 

87*2 

(NH 4 )AQ 4j H 2 0. 

R 8 

— 

1*47 

63*4 

35*1 

9 

1*051 * 

i i| 2*45 

9*32 

88*2 


10 

1*042 

1*25 

9*46 

89*3 


11 

1*034 

— 

9*63 

90*4 

» 


Fiq. 2. 



Tile results are plotted in Fig. 2, where, on account of the 


sparing solubilities of the two components, only a single angle of 
the triangle is shown. The residues are omitted. 

III. System: K 2 G 2 0 4 -Na 2 C 2 0 4 -H 2 0 at 25°. 

Foote and Andrew (Joe. cit.) concluded that anhydrous sodium 
oxalate and the monohydrate of potassium oxalate can exist side 
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by side in equilibrium with a common saturated solution, and the 
figures in table V, plotted in Fig. 3, confirm this, showing that 
neither double salts nor mixed crystals are formed. Solutions and 
residues were analysed by determining total oxalate by titration 
and total anhydrous salts by -weighing after evaporation and dry¬ 
ing at 125°, at which temperature potassium oxalate monohydrate 
is readily dehydrated. As the amount of sodium oxalate present 
is always relatively small, this indirect method is less accurate than 
that employed in the previous two cases. 


Fig. 3. 



25°. 


Percentage composition of solution 
or residue (R). 


No. 

Density. 

k 2 c 2 q 4 . 

Na a C 2 0 4 - 

H 2 0. 

Solid .phases. 

1 

1*215 

27*2 

— 

72*8 

k 2 c 2 o 4 ,h 3 o. 

2 

1-218 

26*8 

0-77 

72*4 

,1 ' 

3 

1*223 

26*3 

1*71 

72*0 

» 

4 

1*226 

26*2 

2*17 

71*6 

„ 

R 4 

■ ■_ 

81*9 

0*73 

17*4 

■■■■...}» 

' 5 

1*228 

26*1 

2*50 

71-4 

K 2 C 2 0 4 ,H 2 0 and 
Na 2 C 2 Q 4 . 

6 

1*178 

19*6 

3*21 

77-2 

Na 2 C 2 0 4 » 

R 6 

■ — 

7-00 

65*3 

27-7 

: ■' 

7 

1*135 

14*4 

3*21 

82-4 

„ 

8 

1*084 

8*10 

3*40 

88*5 

,, 

9 

1*057 

3*99 

3-71 

92*3 

.. 

10 

1*028 

— 

3*71 

96*3 ‘ 
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Summary. 

(1) It. lias been stated by some authors and denied by others 
that potassium and ammonium oxalates form a double salt. Iso¬ 
therms have been obtained at 25° and 50°, and show that at these 
temperatures mixed crystals of the monohydrates are formed. 

(2) Anhydrous sodium oxalate has been shown to exist in equil¬ 
ibrium with ammonium oxalate monohydrate and a common, 
saturated solution at 25° and 50°. Neither double salts nor mixed 
crystals are formed. 

(3) The same has been shown to be the case at 25° with 
anhydrous sodium oxalate and potassium oxalate monohydrate. 

University or Melbourne. [Received, November 1st, 1919.] 


CXXVI .—The Decomposition of Carbamide in the 
Presence of Nitric Acid. 

By Tudor Williams Price. 

While investigating the use of dilute nitric acid as a nitrating 
agent at elevated temperatures, it was found that nitration was 
entirely inhibited by the addition of carbamide, although all the 
acid was used up. This reaction was considered worthy of further 
investigation, the results of which are given in the present com¬ 
munication. 

The action of concentrated nitric acid on carbamide nitrate in 
the solid state at the ordinary temperature has been studied by 
Franchimont (Rec. trav. chim., 1884, 3, 216), who found that a 
gas was given off slowly, consisting of equal parts of carbon dioxide 
and nitrous oxide. The volume of gas was such that it contained 
all the carbon of the carbamide as carbon dioxide, and half the 
nitrogen as nitrous oxide, the other half forming ammonium 
..'nitrate.' / 

Ho account has been found in the literature of the action of 
dilute nitric acid on carbamide, although the action of hydro¬ 
chloric add and sulphuric acid has been studied by Fawsitt 
(Zeitseh. physikal. Chem 1902, 41, 601) and of hydrochloric acid 
by Werner (T., 1918, 113, 84). 

Fawsitt (loc. cit.) found the reaction between carbamide and 
dilute hydrochloric and sulphuric acids to be unimolecular, which 
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lie explained by the assumption that the former is first transformed 
to a small extent into ammonium cyanate at a measurable rate, 
and, if the inverse change is neglected, according to a unimolecular 
reaction. The ammonium cyanate is thereupon decomposed into 
the ammonium salt of the acid used, and carbon dioxide at a much 
greater rate than that at which ammonium cyanate is formed, and 
thus the decomposition of carbamide in the presence of hot acids 
is almost identical with the rate at which it is transformed into 
ammonium cyanate. 

Werner (loc. cit,), on the other hand, states that the above 
assumption is quite unnecessary, and that the velocity of the 
reaction is regulated by the rate of dissociation of carbamide (at 
100°) into ammonia and cyanic acid, when both products of dis¬ 
sociation are removed practically as fast as they are generated. 

Whichever scheme of the mechanism of the reaction is correct, 
the final products are the same, namely, carbon dioxide and the 
ammonium salt of the acid used. If the action of hot dilute 
nitric acid on carbamide is the same as that of hydrochloric acid, 
the reaction should be unimolecular, and the products should be 
carbon dioxide and ammonium nitrate. 

Veley (Proc. Boy. Soc., 1892, 52, 27) has shown that nitric 
acid decomposes slowly at high temperatures, forming nitrous acid, 
the weaker the acid the higher being the temperature required 
for decomposition; also, it is well known that carbamide decom¬ 
poses nitrous acid very readily, forming carbon dioxide, and 
nitrogen. Hence it is possible that the true explanation of the 
disappearance of nitric acid when heated with carbamide in solu¬ 
tion is the alternate formation of nitrous acid from nitric -acid. 
and decomposition of the nitrous acid by carbamide. In this ease, 
nitrogen will be present in the evolved gas, as well as carbon 
■dioxide.. 

There are thus three separate methods of decomposition of 
carbamide by nitric acid, the gaseous products in each case being 
different. An analysis of the gas produced will then be of extreme 
importance. 

As will be seen in the experimental part, the reaction between 
carbamide and nitric acid is unimolecular, and the gas evolved 
consists entirely of carbon dioxide. 

E XPEEI MENTAL. 

: The carbamide used was ordinary commercially pure carbamide 
recrystallised four times from absolute alcohol. The nitric acid 
solutions were made from pure distilled nitric acid, and contained 
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only a trace of nitrous acid. A normal solution of carbamide is 
taken to be one containing half its molecular weight in grams in 
a litre of water; all the other solutions of carbamide were made 
tip on this basis. 

Ten c.c. of the mixed solutions of carbamide and nitric acid 
were placed in hard-glass test-tubes, which were then sealed and 
placed in water at the required temperature. After various 
periods of heating, the tubes were withdrawn, cooled, opened, and 
their contents titrated with standard sodium hydroxide solution, 
using methyl-orange as indicator. 

The majority of the experiments were made at 100°, but the 
reaction between iV / 2-carbamide and N ( 2-nitric acid was studied 
at 70°, 80°, 90°, and 100°. 

The influence of certain salts on the velocity of the reaction was 
also examined. 

In order to obtain figures comparable with those of Fawsitt, the 
velocity-constants for a’ unimolecular reaction were calculated 
according to the equation 


k = 


k-t. 


>gio 


a-x 1 

Qj — 


instead of the correct equation, 


k 



logc 


a-x 1 

a~-x% 


where a is the initial concentration of carbamide, aq the amount 
of carbamide decomposed in time t lt and the amount decomposed 
in time U- In every case, was fixed at sixty minutes, so as to 
obviate the error due to the time taken for the tube to reach the 
desired temperature. 

a, x v and % were obtained from the titre of sodium hydroxide 
immediately after mixing the two solutions, and the titre after 
times and tg. 

In one case, the constants for a bimoleeular and termolecular 
reaction were calculated. * 

B emits .—The results of two experiments are given in detail, 
and all are summarised in table I. It will be noted that the 
■velocity^constant tends to increase towards the end of an experi¬ 
ment, and this is much more marked with N- and 2N -solution 
than with the more dilute ones. 
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^-Carbamide + 13-Nitric Add at 100°. a = 50*40 

\ X 10’ 


Experiment 3 

Time in 
minutes. 

60 45-50 4 k 84 

120 40*51 101 

180 35*66 84 50 127 

270 29-53 SJ 163 

360 
480 
600 
960 

Mean, value k X 10 s = 87. 

Experiment 5. N 12-Carbamide+ K/2-Nitrie Acid at 100°. 

0 = 25 * 43 . 



h x 10 6 

x IQ 6 

a — x. 

(unimolecular). 

(bimolecular). 

45*50 

40-51 

84 

45 

35*66 

84 

50 

29*53 

24*21 

89 

91 

56 

64 

17*84 

( 97 J 

— 

13*35 

{ 98) 

— 

5*18 

(mw 


1*21 

(109) 



Time in minutes. 

60 
120 
180 
270 
360 
480 
600 
900 
1200 
1500 


a — x. 
22-75 
19-81 
17-25 
13-96 
11-39 
8-29 
0-36 
3-00 
1-42 
0-83 


Mean value k X 10 6 = 102. 


ft X 10 s . 

101 

100 

101 

100 

105 

102 

104 

107 

(169) 


Table I. 

Showing Velocity-constants obtained w 
Carbamide . 


Concentration of reaction 
mixture. 

2N -Carbamide + 2A'-HNO ; 

2 N- Ar TrNro - 

N- 
27/2- 
Nf 2- 
Nf 4- 
N/4- 

m s- 

N{ 16- 
Nf 2- 


Tem- 
perature. 
. 100 ° 

. 100 
100 
100 
100 
100 
100 
100 
100 


27/2- 
Nf 2- 

37/2- 

37/2- 

3772- 


+ 27-HNO* 

+ 37-HNOs .» 

+ 37-HN0 3 ... 

+ jV/2-HNOa ... 

+ 27/2-HNO s ... 

4 . 37/4-HNO s ... 

+ 37/8-HNO, ... 

+ 37/ 16-HNO s -- 

+ 37/2.HNO b ...V 10Q 

+ 37/2-NH 4 Ci / 10U 

+ 37/2-HNO s ...\ 100 

+ 27/2-KC1. J 

+ 37/2-HNOa ... f 
+ 27/2-HNO* ... 80 


Dura¬ 
tion of 
expt. in 
minutes. 
420 
270 
360 
1800 
1200 
600 
420 
420 
360 

1500 


600 

1800 

2790 

9360 


the Decomposition of 

Maxi¬ 

mum 

varia- 

No. of Mean tion of 
observa- value of k from 
tions. k X 10 5 . mean. 


7 

6 

5 

9 

9 

5 

: 7 

6 
7 

10 


9 

10 


73 

105 

87 

88 
102 
108 
111 
116 
133 

122 


2-0 

4-0 

4- 0 
3-0 

5- 0 
2-0 
3-0 

6 - 0 
8-0 


23*0 2*8 
9*3 0*7 

2*4 0*3 
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Experiment 17.—Twenty-five e.c. of- A-earbamide and 25 c.c. 
of iV-nitric acid were heated at 100° in a "boiling tube fitted with 
a reflux condenser. A delivery tube connected the top of the con¬ 
denser to a nitrometer. The total air space from the level of the 
liquid in the boiling tube to the nitrometer was 34 c.c. One 
hundred c.c. of gas were collected in the nitrometer and rejected. 
It was considered that by this time all the air had been swept out 
of the apparatus,, and collection of the gas for analysis was com¬ 
menced. Fifty c.c. of this gas were almost entirely absorbed by 
a piece of moist potassium hydroxide, only a minute bubble being 
left. The gas was thus composed entirely of carbon dioxide, and 
did not contain any nitrous oxide or nitrogen, the small residue 
being either air which had not been completely swept out of the 
apparatus, or nitrogen from the trace of nitrous acid present in 
the nitric acid. 

The heating of the carbamide and nitric acid solution was con¬ 
tinued for fifty hours, at the end of which the solution was 
evaporated to dryness. On analysis, the residue was found to 
consist of ammonium nitrate with a little unchanged carbamide. 

Discussion of Results. 

The results show that the reaction between carbamide and nitric 
acid in dilute solution is undoubtedly unimolecular. The products 
consist entirely of carbon dioxide and ammonium nitrate. Hence 
the reaction is analogous to the decomposition of carbamide by 
hydrochloric or sulphuric acid, and is not due to the preliminary 
decomposition of nitric acid into nitrous acid with subsequent 
decomposition of the latter by carbamide. 

On comparing the results with those obtained by Fawsitt for 
hydrochloric acid in table II, it will be seen that at all dilutions 
the velocity of reaction is greater with nitric acid than with hydro¬ 
chloric ■ acid. 

Table II. 

Showing Comparison between Velocity of Reaction at 100° of 
Carbamide with Nitric Acid and Hydrochloric Acid. 

k x 10 6 . 



Reaction mixture. 

hno 3 . 

HC1J 

227-Carbamide 

-f 227-acid 

73 

_ 

N- 

»» 

+ 27- „ 

87 

58 

N/2- 


+ 27/2- „ 


77 

m- 

„ 

+ 27/4- „ 

. Ill 

90 

27/8- 

„ 

+ 27/ 8- „ 


101 

27/16- 

w 

+ 27/16-,, 


101 


♦ F&wshtis results. 
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The velocity of reaction diminishes regularly with an increase 
in the concentration ( of the nitric acid, and no maximum' point was 
found such as Fawsitt found for hydrochloric acid {Joe. cit p. 612). 
Fawsitt and Werner both state that only free carbamide is active. 
According to Werner, the equilibrium between carbamide and its 
nitrate can be represented as follows: 


NTH 

HNIC^ -f HNO g 


hn:c<‘ 


.nh 2 ,hno 3 

OH 


and the reaction between carbamide and nitric acid, on the analogy 
of the reaction between carbamide and hydrochloric acid, can be 
represented thus: 

N'ff 

Phase 1. HN:C<^ 3 + HN0 3 = NH 4 N0 3 + (HNCO = HO-CN). 
Phase 2. (HNCO W HO-CN) + H 2 0 + HN0 s =NH 4 N0 3 +C0 2 . 

The diminution of the velocity with increase in concentration 
of the acid can thus be explained, since it is only “ free ” carbamide, 
and not carbamide “ fixed ” as its nitrate, which takes part in 
Phase 1 of the reaction. 

Pawsitt found that the decomposition of carbamide in the 
presence of hydrochloric acid was retarded slightly by the addition . 
of ammonium chloride, hut was accelerated in the presence of 
sulphuric acid by the addition of ammonium sulphate. He also 
found that the decomposition of carbamide in the presence of 
water alone was accelerated by the addition of ammonium 
carbonate, sodium chloride, and potassium chloride, whilst 
ammonium chloride and ammonium hydrochloride had a decided 
retarding effect. 

In the presence of nitric acid, the present author has found 
that ammonium nitrate, potassium nitrate, ammonium chloride, 
and potassium chloride all have a distinct accelerating effect on 
the decomposition of carbamide at ,N /2-concentration. 

According to the dissociation theory of the decomposition of 
carbamide, the first action of heat on it is the production of 
ammonia and cyanic acid ; in the presence of acids, this is followed 
by combination of ammonia with acid, forming an ammonium salt, 
and by hydrolysis of cyanic acid, forming an ammonium salt and 
carbon dioxide. The addition of the ammonium salt, or of any 
salt containing an ion common with the ammonium salt, to _ the 
reaction mixture, should therefore have a retarding effect on the 
velocity of decomposition. As shown by the experiments, this is 
/.not the case when carbamide is decomposed in''the presence of 
nitric acid, and. hence it would/ seem, 'that 'the .dissociation ' theory of ■ 
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the decomposition of carbamide is not applicable in the presence 
of nitric acid. 

The great influence of temperature on the velocity will be seen 
from table III. 

Table III. 

Showing Effect of Temperature on Velocity of Reaction between 
IS 12-Carbamide and N / 2-Nitric Acid. 

Temperature. h x 10 s . 

100 ° 102*0 

89 23-0 

80 9*3 

70 2-4 


Below 80°, the velocity of decomposition of carbamide is small, 
and at 30° to 40° would be negligible; hence the use of excess of 
carbamide for the removal of nitrous acid from a mixture of 
nitrous acid and nitric acid will not be accompanied by loss of 
nitric acid as such if the temperature is not allowed to rise 
above 40°. 

In conclusion, the author’s best thanks are due to Messrs. 
Nobel’s Explosives Company, Limited, and to Mr. William 
Rintoul, Manager of the Research Section, for the facilities 
afforded for carrying out this work and for permission to publish 
the results. 

The Research Laboratories, 

Ardeer. [Received, November Qth, 1919.] 


CXXVIL —Studies in Catalysis . Part XII. Catalytic 
Criteria and the Radiation Hypothesis . 

By William Cudmore McCullagh Lewis. 

The criteria which have been suggested from time to time as apply¬ 
ing to the phenomenon of catalysis are as follows (compare Rideal 
and Taylor, “ Catalysis in Theory and Practice,” Chap. 2): 

(1) The chemical composition of the catalytic agents is un¬ 
changed on completion of the reaction process. 

(2) Minimal amounts of a catalytic agent are adequate for the 
transformation of large quantities of the reacting substances. 

(3) A catalyst does not affect the final state of equilibrium. 

(4) A catalyst modifies the velocity of two inverse reactions to 

the same degree. ' \; : y\ ;h/ -7 --vtA' hvt 
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(5) A catalytic agent is incapable of starting a reaction; it can 
only modify the velocity of tbe reaction. 

Criteria (1) and (2) are closely related, (2), in fact, being tbe 
corollary of (1). Both would be accepted at once provided 
secondary effects are excluded. To this extent they state a fact 
of experience, and indicate tbat catalysis is simply a special case 
of ordinary chemical reactivity. 

Criteria (3) to (5), which form a group by themselves, are in a 
different category, as representing generalisations which may or 
may not be true. Criterion (4) is the corollary of (3), so that the 
group contains two distinct criteria. Considerable difference of 
opinion exists at the present time regarding the validity of these 
conclusions, according to the point of view adopted as the basis 
of criticism. It is of some interest, therefore, to examine criterion 
(3) or (4) and criterion (5) from the point of view of the radiation 
hypothesis of chemical reactivity. 

We shall consider criterion (5) in the first place. On the radia¬ 
tion hypothesis, the possibility of a reaction occurring depends 
on the existence of radiation of a type or frequency absorbable by 
the reacting substance, the quantum of which radiation is suffici¬ 
ently large to communicate the necessary critical increment to the 
molecule. In the case of thermal radiation, which is the kind of 
radiation envisaged in the quantum theory, theoretically all 
possible wave-lengths or frequencies are represented at any 
temperature. Consequently, the type of radiation necessary for 
any reaction is present in the space occupied by the matter, and 
therefore every reaction is correspondingly possible. This must 
include the so-called catalytic reactions as well as those to which 
this name is not applied. From this point of view, therefore, can 
we conclude that a catalyst does not initiate, but simply 
accelerates, a process which would occur, although under certain 
conditions infinitely slowly ? This cannot be affirmed without 
qualification. 

In the form in which criterion (5) is stated, it is evidently 
assumed that the same process may occur whether the catalyst 
be present or not, but this assumption is not necessarily true. It 
seems necessary to ascribe in certain cases, if not in all, a definite 
stoicheiometric molecular mechanism to a catalyst, just as one 
would to any other reactant, and consequently, by adding such a 
catalyst, a new process commences (the origin of which is the field 
off radiation) that happens to give rise to certain end-products, 
which, we believe, might be attained in the absence of the catalyst. 
The fact appears to be that criterion (5), as ordinarily stated, 

: involves a false,' antithesis. From the . point ■ of view ■ of ■ the. radia- 
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tion hypothesis, a catalyst may be said either to render a reaction 
possible by supplying the necessary matter, or it may merely 
accelerate, according to circumstances. In no case is it the funda¬ 
mental initiator of a process. The role played by the catalyst may 
be conveniently illustrated by the catalytic effect of an acid in the 
inversion of sucrose or the hydrolysis of an ester. Prior to the 
addition of the acid, the reaction is possible, involving reaction 
between a molecule of sucrose or ester and either a molecule of 
water or its ions, probably the undissociated molecule. On addi¬ 
tion of the catalysing acid, the hydrogen ion accelerates the process 
already begun by the hydrogen ions already present. The undis¬ 
sociated molecule of the acid may also accelerate the reaction, but 
in doing so it is almost certain that it produces an intermediate 
substance, which was not formed in its absence. In so far as the 
intermediate stage is concerned, the molecule of the acid has 
rendered a new intermediate process possible, although the final 
products are independent of the nature of this intermediate stage. 
The real source or origin of initiation of any reaction, on the 
radiation hypothesis, is the radiation itself. The material catalyst, 
if it acts simply as a transformer, hastens a, reaction which radia¬ 
tion has already initiated. The catalyst may also act as a mole¬ 
cular reactant, giving rise, under the stimulus of radiation, to new 
intermediate products. The validity of conclusion (5) depends, 
therefore, on the particular view adopted regarding the mechanism 
of the process. It seems that two distinct modes of mechanism are 
possible, and are apparently realised in the well-known acid 
catalyses. On one mode, the catalyst simply accelerates; on the 
other, it renders a new mechanism possible from the material 
point of view. 

Turning now to criterion (3) or (4), which possesses much greater 
practical significance, the radiation hypothesis leads to the con¬ 
clusion that, as a general principle, criterion (3) or (4) is certainly 
not'true. 

Let us take the simplest possible case of reversible reaction, 
represented by , 

A tz B. 

The substance A is characterised by being capable of absorbing 
radiation of frequency v A , as a result of which it is transformed into 
B. The substance B is likewise capable of absorbing radiation of 
frequency as a result of which the process is reversed. The 

heat evolved, Q, on passing from A to B, is then given by the 
expression 

Q~Nh(v B -y A ), 

where A T is the Avogadro number and Q is referred to one gram- 
.molecule of A transformed. 
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Let us consider the special case in which v A — i> s , or approxim¬ 
ately so. In this case, Q is zero, or approximately so. A catalyst 
acting as a transformer will in this case he unable to distinguish 
between the two types of molecules A and B, since each is capable 
of absorbing the same type, or approximately the same type of 
radiation. It will therefore catalyse both the direct and the 
reverse reaction equally. That is, the opposing velocity constants 
will be equally increased, and the equilibrium constant will remain 
unaffected by the presence of the catalyst. This result is in 
harmony with the criterion. 

If, on the other hand, the heat of the process is considerable, 
that is, v A differs considerably from v s , then it no longer follows 
that a positive catalyst will equally accelerate both reactions. In 
general, it would not be expected to do so, and consequently, in 
general, the equilibrium point will be affected by the catalyst. 
It is a significant fact, in view of the conclusion just drawn, that 
those reactions, such as esterification or hydrolysis, in which the 
equilibrium point is not sensibly affected by the catalyst, are 
precisely those in which the heat effect is small. 

In the above case we have been considering mainly homogeneous 
catalysis by means of ions. Let us now take the case of catalysis 
by the undissociated molecule, such as the molecule of hydrochloric 
acid, which is generally regarded as functioning through the form¬ 
ation of an intermediate ternary compound. Thus, Falk and 
Nelson ( J . Amer. Ghem.. Soc., 1915, 37, 1732) represent the inter¬ 
mediate oxonium complex in the case of hydrolysis of esters as 
(ester,HCl,H 2 0). In the reverse process, the corresponding com¬ 
pound is (carboxylic acid,HC1,alcohol). These two compounds 
are tautomeric, and may be identical. If they are identical, as 
Falk and Nelson assume, then the hydrochloric acid molecule will 
equally affect the direct and the reverse process, and thus leave the 
equilibrium point unchanged. This explanation of the mechanism 
of the effect produced by the undissociated molecule of the cata¬ 
lysing acid has certainly the advantage of simplicity. It has this 
implication, however. Such additive compounds are generally 
formed rapidly compared with the rate of any further decomposi¬ 
tion which they may undergo. If this is so, and if the same inter¬ 
mediate compound is formed in the hydrolysis as in the esterifica¬ 
tion, it would follow that the velocity constants should be the same, 
and the equilibrium constant should therefore be unity. This is 
not in agreement with experiment, although it is significant that 
the value of K is not greatly removed from unity. Thus, experi¬ 
ment has shown that 

K~— f me ^y i a °etate] x [water] _ 4.5 
[methyl alcohol] (x [acetic acid] 
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(compare Part V of this series of papers, T., 1916, 109, 
71). 

This ratio means that the velocity constant of esterification is 
4-Q times the velocity constant of hydrolysis. On the radiation 
view, this ratio is mainly determined by the relative value, of the 
exponential terms, that is, by ' 

e -Nhvi(RTI e - Nhv s IRT } 

where Nh\\ is the critical increment of esterification and Nhva is 
the critical increment of hydrolysis, that is, 

e m{i’z~ n )!RT ^ 4-6 t 

At 300° absolute we find, therefore, that %'2 — v 1 = l x 10 13 . Both 
v-t and v 2 do not, however, lie very far from the value 2 x 10 14 , so 
that the difference in respect of position of absorption of infra-red 
radiation is extremely small, being of the order of one-twentieth 
of the absolute value of either frequency. The same idea is con¬ 
veyed by saying that the heat effect does not exceed 1000 calories. 
The fact, therefore, that the equilibrium constant possesses a value 
not unity, but not far removed therefrom, means on the radiation 
basis.that the'intermediate compounds are not identical, but tauto¬ 
meric, and, further, that both kinds of molecule absorb almost the 
game frequency, so that any change in the equilibrium constant 
introduced by altering the concentration of the catalyst is 
insensible. (It may be noted that the relatively large change in 
K observed by Lapworth has its origin, as Lapworth has shown, 
in what is virtually a distinct reaction not directly connected with 
the actual esterification-hydrolysis process itself.) In the case con¬ 
sidered we conclude, therefore, that as a practical guide the 
criterion (3) or (4) is true, that is, in those cases in which the 
equilibrium constant is not far removed from unity. The con¬ 
clusion is obviously comparable, with that drawn in connexion with 
ion catalysis. 

In addition to homogeneous , catalysis by dissolved substances in 
a given solvent, it is well known that different solvents themselves 
exert their own catalytic effect. From the point of view of radia¬ 
tion, we conclude that in this type of catalysis criterion ( 3 ) or (4) 
cannot, in general, be even approximately true, since each solvent 
is characterised by its own electromagnetic properties, that is, by 
its power of absorption at different wave-lengths, which differs 
from solvent to solvent, and consequently entails a different dis¬ 
tribution of radiation density. The particular type of radiation 
required by the reactant is therefore present to a different extent, 
according to the nature of the solvent, and consequently the 
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velocity constant and equilibrium constant is a function of the 
solvent. Specific differences are further introduced by the mutual 
interaction of solvent and solute, whereby the effective frequency 
itself is altered to a slight extent. 

Finally, as regards heterogeneous catalysis, evidence has been 
collected and presented by Bancroft (7. Physical Ohem 1917, 21, 
573; 1918, 22 , 433) to show that the catalyst affects the equil¬ 
ibrium point of the process. Heterogeneous catalysis has been 
examined in a preliminary manner from the point of view of 
radiation (T., 1919, 115, 182), and it is concluded that the equil¬ 
ibrium point must be a function of the nature and extent of the 
catalytic material, owing to the alteration in the values of the 
critical increments which is introduced by the presence of the 
catalyst. The catalytic layer here considered is only one molecule, 
or possibly two molecules, in thickness, that is, it is of the order 
10“ 8 cm. In this layer, the final amounts of reactants and 
resultants will differ, in general, from the true equilibrium amounts 
characteristic of the homogeneous gas phase, for in the adsorption 
layer the relative amounts are determined by the relative adsorp¬ 
tion capacities. If this is a complete statement of the phenomenon, 
it is evident that criterion (3) or (4) is inapplicable. There is, 
however, a further possibility to be considered. 

The adsorbed reactants and resultants are in an activated con¬ 
dition as long as they are actually in the adsorption layer. In 
time, they necessarily pass out into the homogeneous gas phase, 
owing to desorption. If these molecules at the moment of leav¬ 
ing the adsorption layer lose the extra energy which they possess 
and become immediately transformed into molecules of normal 
energy content, it follows that their relative concentration in the 
homogeneous gas phase becomes identical with that in the adsorp¬ 
tion layer, for, in general, the reaction in the homogeneous phase 
is extremely slow. There is the possibility, however, that the 
activated reactants and resultants on leaving the true adsorption 
layer do not immediately revert to the inactive state, but may 
retain their activity for a short space corresponding, perhaps, with 
a layer 10”® cm. in thickness. If this is the case, there will be a 
rapid chemical change in this ea?£ra-adsorption layer, which will 
tend to bring the concentrations of the reactants and resultants 
into the ratio required by the law of mass action for the homo¬ 
geneous phase. Whether the true equilibrium point would be 
attained or not would depend on the average life of the activated 
molecules. At moderately high temperatures, the average mole.- 
cular velocity may he taken to be 10 5 cm. per second; hence it 
would require 10” 11 second for a molecule to traverse a distance 
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of 10" 15 cm. It is possible that the activated state may be main¬ 
tained for a longer period of time than this, and therefore the 
more likely is the process to attain the true equilibrium position. 
The more selective the nature of the adsorption material, the 
further, in general, will the “ equilibrium ” of the adsorption layer 
depart from the true mass action equilibrium. Hence, even if 
such a compensating effect as that suggested above actually operates, 
criterion (3) or (4) cannot be regarded as valid. 

It is concluded, therefore, that criterion (3) or (4) is, in general, 
not true; in homogeneous systems it approximates more closely to 
experiment the smaller the heat effect accompanying the reaction; 
in heterogeneous systems it is not certain whether even this 
approximation to validity holds good. 

MiTSPBATT LABORATORY OF PHYSICAL AND ELECTRO-CHEMISTRY, 

University oe Liverpool. 

[Received, October 31st, 1919.] 


CXXVIIL —Criteria of the Degree of Purity of 
Commercial Toluene . 

By John Scott Lumsden. 

The following investigation was undertaken for the Explosives 
Department of the Ministry of Munitions for the purpose of'find¬ 
ing some easily applied method for estimating the degree of purity 
of commercial toluene, and is published with the permission of the 
Department. • - 

Commercial toluene contains varying amounts of a liquid which 
cannot be nitrated and has distilled along with the toluene during 
rectification. This liquid has not been isolated, but in the follow¬ 
ing tests the assumption is made that it may be represented by a 
paraffin mixture which boils close to the boiling point of toluene. 
By fractionation of petrol, a quantity of such a liquid was obtained 
boiling at 108—112°. . ■ ■ 

■Estimation, of Toluene by Specific Gravity. —Pure toluene at 15° 
was found to have D 0*8712; the paraffin mixture had D 0-743. 
Since there is no change in volume on mixing toluene and paraffin, 
a graph was prepared to show the density of mixtures. From this 
graph, it was found that the presence of 1 per cent, of paraffin 
produced a lowering of the density of Q‘Q013. 

Whilst such a graph may not be depended on to give the accurate 
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percentage of impurity present, because the toluene may be moist 
and the impurity may not be like that assumed, it is certainly 
useful in indicating poor samples. For example, of two samples of 
commercial toluene, («•) had D 0*872 and (&) 0*8613. Both were 
fractionated, with the following results: Sample (a) showed a trace 
of moisture, then boiled steadily at 110°. All fractions, right to 
the end, had D 0*8716. This was therefore a very good sample of 
toluene. Sample (b) showed a little moisture, and then boiled 
half a degree below, slowly rising to half a degree above 110°. The 
fractions had D 0*8623, 0*8621, 0*8622, 0*8619, 0*8612, 0*8586, and 
0*8570. The original low density and the decreasing density of 
the fractions pointed to a considerable admixture of paraffins ; from 
the graph, the indication is 7*7 per cent. 

Estimation of Toluene by Nitration .—To effect nitration, 
potassium nitrate and sulphuric acid were employed, as described 
later. It was soon found that the nitration of toluene cannot be 
made to stop when the mononitro-compound is formed, but that 
any excess of acid is used up, producing the dinitro-eompound; it 
was, however, proved, as the result of many experiments, that 
nitration stops quantitatively when all the toluene has been con¬ 
verted into the dinitro-eompound. 

Using nitration as a means of estimating toluene, there are 
obviously two methods which may be adopted, namely, by nitrating 
with a weighed excess of potassium nitrate, and determining the 
weight of nitric acid remaining after nitration, the amount of 
acid used is obtained, and from that the weight of toluene nitrated, 
or by isolating and weighing the dinitro-eompound. Adopting the 
first method, it was found that the residual acid could be satis¬ 
factorily determined by the nitrometer, but that by the second 
method the dinitro-eompound could not be completely recovered, 
because a small but definite amount remains in solution in the 
add liquid from which the substance is filtered. 

The nitration process is as follows. A 100 c.c. flask is weighed, 
and into this is weighed accurately, by dropping from a fine 
pipette, 2 grams of the sample to be nitrated. Five grams of 
pure dry powdered potassium nitrate are weighed in a watch-glass 
or aluminium scoop, and transferred with great care to the flask. 
The flask is cooled in water, and 30 c.c. of pure concentrated 
sulphuric acid are poured in rapidly, the flask being shaken con¬ 
tinuously to prevent the formation of solid lumps, which, if formed, 
take some time to dissolve. When the action is over, a pale yellow, 
homogeneous liquid is obtained. 

To cause the dinitro-eompound to separate, about 60 c.c. of 
water are added, the first few c.c.' being'' 'dropped'in slowly, lest 
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the heat evolved should volatilise any nitric acid, and at the same 
time the flask is cooled in water. 

The solid is obtained in soft flakes which are nearly white, and 
when the contents of the flask are quite cold, the separation may 
be considered complete. Filtration is effected by the aid of the 
pump, using a small porcelain funnel with a small filter paper; the 
preparation flask is washed out with several small amounts of 
water, which are poured through the funnel, and the solid is washed 
free of acid. The filtrate is transferred to a graduated cylinder, 
and, together with the washings of the filter flask, is made up to 
exactly 150' c.c. 

The whole operation of nitration proceeds smoothly, and the 
only point where care is needed is when adding water to the 
nitrated liquid, great precautions being then necessary to avoid 
rise of temperature. 

Calculations : C 8 H 5 -CH 3 + 2KN0 3 = C„H 3 (N0 3 ) 2 -CH s . 

92 202-2 182*0 

2 4-3956 '3-95 

(а) Two grams of toluene require for nitration 4‘39 grams of 
potassium nitrate. One per cent, of this—0*0439 gram;—remain¬ 
ing unused, represents 1 per cent, of impurity in the toluene. 
0*004522 Gram of potassium nitrate gives 1 c.c. of gas in the nitro¬ 
meter; 0*0439 gram therefore represents 9*72 c.c. Working with 
2 grams of toluene, 9*72 c.c. of gas in the nitrometer at N.T.P . 
represent 1 per cent, of impurity. 

(б) Five grams of potassium nitrate are used to nitrate 2 grams 
of toluene, but only 4*3956 grams are required. This is an excess 
of 0*6044 gram, which in the nitrometer would give 133*65 c.c. 
of gas. : 

(c) Two grams of toluene give 3*95 grams of dinitrotoluene. 
One per cent, of this—0*0395 gram—as a deficit in the yield, repre¬ 
sents 1 per cent, of impurity in the toluene. 

Examples of Nitration, (a) Estimation by Nitrometer. —Two 
grams of toluene were nitrated with 5 grams of potassium nitrate. 
The liquid was made up to 150 c.c., and 15 c.c. were taken for the 
nitrometer estimation. (The 15 c.c. were measured from a small 
burette into the cup of the nitrometer, and 10 c.c. of pure sulphuric 
acid were used to liberate the gas.) 19*8 C.c. of gas at 16° were 
obtained, or 18*71 at N.T.P. For the whole 150 c.c. this was 
187*1 c.c.; deducting the known excess used, namely, 133*65 c.c., 
leaves 53*45 c.c. As 9*72 c.c. represent 1 per cent, of impurity, 
52 '45 c.c. represent 5*5 per cent.: of impurity. \ -f- . ; 

The following are the results of other estimations: 



PURITY OF COMMERCIAL TOLUENE. 


1369' 


Pure toluene. 

150 c.e. liquids 15 c.c. 
taken. 

13*27 c.c. gas at N.T.P. 
For 150 c.c. liquid, 

132*7c.c. 

From excess 

taken 133-6 

— 0-9 c.c. 

- 0-9/9-72 = - 0-1 per 
cent. 

Toluene 100-1 per cent. 


Good toluene. 

175 c.c. liquid, 20 c.c. 
taken. 

15*7 c.c. gas at N.T.P. 
For 175 c.c. liquid, 

137*37 c.c. 
From excess 133*65 

3-72 c.c. 

3*72/9-72 = 0*38 per 
cent. 

Toluene 100 — 0*38 = 
99*62 per cent. 


Poor toluene. 

150 c.c. liquid, 15 c.c. 
taken. 

18*64 c.c. gas at N.T.P 
For 150 c.c. liquid, 

186*4 c.e. 

From excess 133-6 

52-8 c.c. 

52-8/9-72 = 5-4 per 

cent. 

Toluene 100 — 5-4 ~ 
94-6 per cent. 


The sample of pure toluene shows more than 100 per cent.; this 
is due to experimental loss. It will be realised that if the 
potassium nitrate is not pure and dry, or if there is any loss before 
the filtrate is made up to a definite volume, less nitric acid is found, 
and this is indicated as a small increase in the percentage of 
toluene. 

(bj Estimation by Weighing the Solid .—The solid dinitro-com- 
pound is transferred from the filter funnel to a watch-glass and 
set in a desiccator over sulphuric acid, or the watch-glass may be 
set over a beaker of boiling water, when the solid melts to a dear 
liquid with water beneath it. On cooling, the solid forms a firm 
mass, from which water is readily removed by filter paper; then, 
after a much shorter time in the, desiccator, the weight becomes 
constant. , 

It was found that when the volume, after nitration, was made 
up to 150 c.c., approximately O' 11 gram of solid remained in solu¬ 
tion, and this amount is added to the weight found in the follow¬ 
ing'examples. ■ 

Two grams of “pure” toluene gave 3*8337 grams of solid; add¬ 
ing 0*11 gram, the total dinitro-compound was 3*9437 grams ; 100 
per cent, toluene should give 3*9564 grams, therefore the deficit 
is 0*0127 gram. 0*0395 Gram deficit represents 1 per cent, of 
impurity, and 0*0127 gram 0*32 per cent. The toluene was there.- 
fore 100 —0*32 = 99*68 per cent. . 

Two grams of a poor sample of toluene gave a deficit of 0*2573 
gram, that is, 0*2573/0*0395=6*5 per cent. The toluene was 
therefore 100 — 6*5 = 93*5 per cent. 


Estimation of Toluene by Miscibility with Acetic Acid,'.'-.:] 

Whilst' engaged on this investigation, a report .".by : Professor. 
Orton was received describing the experimental work detailed in 
his recent paper (this vol., p. 1055). He there showed that when 
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88 to 90 per cent, acetic acid is mixed with toluene in the propor¬ 
tions of 1 e.c. of acid to 0 8 c.c. of toluene, two layers are formed, 
and on raising the temperature, a point of complete miscibility is 
reached which is definite for the same strength of acid, and so 
sharply defined that it can be read to one-tenth of a degree. He 
showed also that the temperature of miscibility of toluene rises 
regularly with the dilution of the acetic acid, and further, that 
for a given strength of acid the temperature of miscibility of 
toluene containing paraffin rises in direct proportion to the amount 
of paraffin present. 

Working with two strengths of acetic acid, 87-9 and 89*5 per 
cent., and using pipettes of certain volumes, he prepared curves 
from which the percentage of a mixture of toluene and paraffin 
could be found when the temperature of miscibility with one of 
these acids had been determined. The method is susceptible of 
great accuracy, but it is very troublesome to prepare acetic acid 
of a definite strength, and almost impossible to keep a concen¬ 
trated acid without absorption of moisture from the air, and, more¬ 
over, it requires so much care to carry out the process as set down 
by Professor Orton that it could scarcely be used as a commercial 
test. The following modification, consisting in the changing of 
an absolute to a comparative method, may, however, be carried 
out in any commercial laboratory. 

A quantity of concentrated acetic acid of unknown strength' is 
taken, and with equal volumes of this, the temperatures of misci¬ 
bility with equal volumes of pure toluene, toluene with 5 per cent, 
of paraffins, and the sample of toluene to be tested, are found. 
Then, since the percentage of paraffins is proportional to the 
increase in the temperature of miscibility, the comparison of the 
rise of temperature of miscibility of the sample with that of the 
5 per cent, paraffin mixture gives the paraffin content of the 
sample. 

To carry out the test, there is required : 

(1) A quantity of pure toluene, which need not be synthetically 
pure, but might be considered as 100 per cent. quality. 

(2) A mixture of this toluene with 5 per cent, of paraffins, made 
by mixing 95 grams of toluene with 5 grams of paraffins of the 
same boiling point, prepared by the distillation of petrol. 

(3) Acetic acid, prepared by taking 100 grams of glacial acetic 
acid, adding a few c.c. of water, and, by trial with toluene in the 
proportions described below, finding if two layers are formed and if 
the temperature of miscibility is somewhere between 25° and 30°. 

(4) The sample to be tested. 

The proportions of acetic acid and toluene found by Professor 
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Orion as suitable for tlie test may be adhered to, and two pipettes 
prepared, one delivering 1 c.c. and the other 0‘8 c.c., or quantities 
in these proportions, but they need not be exact. The pipettes 
are made from narrow glass tubing, and must have' fine capillary 
points to deliver very slowly. A test-tube T2 cm. in diameter 
serves as a vessel in which the miscibility point is determined, and 
while the test- is being made it may for convenience be fixed td 
the thermometer by a rubber band. The test is carried out as 
fellows. With the larger pipette, acetic acid is run into the test- 
tube, and pure toluene is added from the smaller pipette. The' 
tube is then fixed to the thermometer, which must be graduated 
in tenths of a degree. Water is heated in a beaker holding about 
2 litres, the temperature being raised speedily, and by stirring with 
the thermometer and tube, an approximation to the miscibility 
point is found by noting the temperature when the two layers 
disappear and a homogeneous liquid is obtained. 

A little cold water is then added to the beaker, the flame is 
turned very low, the water thoroughly stirred, and as the tempera¬ 
ture slowly rises, the thermometer and tube are moved continuously 
in the water. As the miscibility point is approached, the two 
layers disappear, the liquid becomes opalescent, and then suddenly 
becomes transparent. This is the point at which the temperature 
is noted. By cooling the water in the beaker 1°, the test may be 
repeated. 

The same procedure is gone through with the 95 per cent, toluene 
and with the sample being examined, the tube being washed out 
thoroughly each time and dried in an air-oven. The following are 
results obtained: 

Pure 95 Per cent, 
toluene. toluene. Sample. 

(1) The miscibility temperature was 32*0° 38*3° 41-4° 

(2) Same sample on another day, 

the acid being different .. 33*4 40-3 44*0 

From (1) 38*3° - 32 a = 6*3°, and 41*4° - 32° = 9*4°. A rise of 6*3 3 
represents 5 per cent, of impurity, 9*4° represents 7*4 per cent. 

' From (2) 40*3° - 33*4° = 6*9°, and 44*0° - 33*4° = 10*0°. A rise o! 6*9- 
represents 5 per cent, of impurity, 10*6 q represents 7*6 per cent. 

It is seen that the strength of the acid does not require to be 
known : it has only fib remain constant during the time that three 
portions are withdrawn, and the pipettes do hot require to be of 
any definite volume, although they must deliver precisely the 
same volume each time. «■*-. 

The three tests might be carried out simultaneously by having 
three test-tubes attached to the thermometer, one with each mixture, 

VOL. OXV* 3 F v :: 
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and the three points of miscibility determined as the temperature 
of the water is raised. 

When the same sample of toluene was tested by the different 
methods, the following results were obtained: 


From specific gravity curve . 92*3 per cent. 

From nitrometer estimation after nitration. 92-9 ,, 

By weighing dinitro-eompound . '92'6 „ 

By temperature of miscibility with acetic acid . 92-5 ,, 


Conclusions .—The specific gravity of commercial toluene gives a 
fair indication of the amount of impurity present; the estimation 
of the temperature of miscibility with acetic acid is quickly done, 
and, although a comparative method, if skilfully carried out is 
trustworthy; the nitration and estimation of the excess of nitric 
acid by the nitrometer is believed to be the most accurate test 
and indicates the total nitration which has taken place, and the 
weighing of the solid after nitration gives the actual practical 
yield of nitrc-compoimd. 

By none of the methods, under ordinary conditions of working, 
can an accuracy closer than one-half per cent, be expected, 

The Technical College, 

Dundee. [Received, October 16th, 1919.] 


CXXIX.—1: 3 -Benzodiazolearsinic Acids and their 
Reduction Products . 

,By Robert Reginald Baxter and Robert George Fargher. 

Since the discovery of salvarsan (Ehrlich and Bertheim, Her., 1912, 
45, 756), many attempts have been made to prepare derivatives 
or closely allied products which would render unnecessary the some¬ 
what elaborate technique involved in the clinical use of the original 
compound, which, owing to its pronounced acidity, has to he con¬ 
verted into the disodium salt, in turn alkaline in reaction, before 
use. Neosalvarsan, the sodium 27-methylenesulphinate of salvarsan, 
introduced to avoid these difficulties, possesses many advantages, 
such as ready solubility and neutral reaction, but, in spite of these, 
..there is a consensus of opinion in favour of salvarsan, as its spiro- 
■ chseticidal' action. appears to. he ■■ stronger ^ and' more . certain : : 

In this and in other cages the attempts have led to the formation 
of acid derivatives giving neutral salts with alkalis. The authors 
desired, on the other hand, to obtain hydrochlorides soluble in 
water and sufficiently less acid in reaction than salvarsan to admit 
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of then* direct use, and it was with this object in view ■ that the 
present investigation was commenced, since it was considered prob¬ 
able that the hydrochlorides of the arsenobenzenes derived from 
1:3-benzodiazole (benzoglyoxaline) would fulfil these requirements. 
Further, considering the properties of the glyoxaliue nucleus, they 
might be expected to exert acidic as well as basic properties, and 
thus closely resemble salvarsan itself. 

Additional interest would attach to such compounds in view of 
their relationship to 3 :4 :5 :3': 4 / : d^hexa-ainmoarsenobenzene and 
its iV-methyl derivatives (D.R.-P. 286667, 286668, 286854, 286855, 
294276; E.P. 7488and8041 of 1913; TJ.S.P. 1081079; Benda, Her., 
1914, 47, 1316; Karrer, Ber., 1916, 4©, 1448), which are stated to 
possess the unexpected property of dissolving in alkali hydrogen 
carbonates, forming carbamates with the same degree of alkalinity 
as that of normal blood serum and a relatively low toxicity 
(D.R.-P. 269660; E.P. 1667 of 1914). 

So far as the authors are aware, the beiizodiazolearsinic acids 
have not been examined, Bertheim (Ber., 1911, 44, 3092), who 
described 3:4-diaminophenylarsinic acid and several of its deriv¬ 
atives, making no mention of them. They are, however, readily 
obtained by the well-known reaction of ortho-diamines with formic 
or acetic acid, whereby the acyl derivative first formed suffers 
loss of a molecule of water if a monoacyl, or of a molecule of acid 
if a diacyl derivative, with consequent closing of the ring (compare 
Ladenburg, Ber., 1875, 8, 677; Wundt, Ber., 1878, 11, 826). 

The comparative stability of 3: 4:-diacetylarmnophenylarsinie acid, 
which crystallises from boiling water unchanged, and does not alter 
save for slight decomposition when heated at 250°/20 mm., and, 
generally, the stability of diacyl-o-diamines (compare Bistrzycki 
and Ulffers, Ber., 1890, 23, 1876), seems to indicate that in the 
absence of anhydrides the reaction proceeds with intermediate 
formation of a monoacyl derivative. 

5: Q-Diamino-m-tolylarsinic acid (I), which, together with 3:4- 
diainniophenylarsinic acid (Bertheim, loc. cit.), formed the starting 
material for the investigation, was obtained by the reduction of 
5-nitro-6-amino-m-tolylarsinic acid (this vol., p. 989) with sodium 
hyposulphite. It undergoes all the condensations typical of an 
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o-diamine, giving, for example, with sodium nitrite in acid solution, 
7 -methyl-1: 2 iZ-benzotriazole-b-arsinic acid (II), and with phen- 
anthraquinone, 4:-methylphenanihraphenazme~2~arsinic acid (III). 
The latter derivative shows the colour reactions characteristic of 
phenanthraphenazine. 

With boiling glacial formic acid, the acids readily yielded 
7 -methyl-1:3-benzodiazoleS~arsinic acid (IV) and 1: Z-benzodiazole- 
5 -arsinic acid (V) respectively. 


OIL NH 


H„OoAs 



NH 

f / y>H 

--IN 

(V.) 


The action of acetic acid did not proceed quite so smoothly. 
3 :4-Diaminophenylarsinic acid, although stated (Bertheim. loc. cii .) 
to be readily soluble in acetic acid, is far from being so, and, on 
boiling with acetic acid, acetic anhydride, or a mixture of the two, 
gives rise to very highly coloured products, which are difficult to 
purify. If the reaction is carried out as described in the experi¬ 
mental portion of this paper, the main product is 3: 4-diacetyl- 
aminoplicnylarsinic acid, which, on heating with water in a sealed 
tube at 130°, yields 2-methyl-l: 3-benzodiazoh-5-arsinic acid (VI). 
In the case of the higher homologue, the desired reaction takes 
place predominantly, with the formation of 2 :1 -dimethyl-1 :3- 
b cmodiazoie-o-amnic acid (VII). Incidentally, it may be men¬ 
tioned that it has since been found that if 3:4-diamiiiophenylarsinic 
acid, dissolved in the requisite amount of sodium hydroxide (40 per 
cent, solution) to form the monosodium salt, is treated with 
sufficient acetic anhydride to neutralise the sodium hydroxide and 
form acetic acid with the water present, and then boiled, the main 
product of the reaction is the benzodiazole derivative. 



NH 

CH 3 NH 

/VNchOlt 


haa« ! v '- 

—-N 

haaJ X/ ! . Jn ■ 

(VI.) 


(VII.) 


NH 

. NH 


CH/y\ /\/\ck 

As.* .% 

<vin.) 

The reduction of the above acids with hypophosphorous acid, 
although it proceeds normally, leads to gelatinous products difficult 
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to handle, and consequently the reduction was carried out by means 
of sodium hyposulphite. This gives pale yellow arsenobenzenes, 
insoluble in water, which were converted into hydrochlorides by 
precipitating their solutions in acetic acid with excess of hydro¬ 
chloric acid, or by treating the suspensions of the bases in wafer 
with just sufficient hydrochloric acid to bring about solution, and 
precipitating as before. The hydrochlorides form pale yellow 
powders, soluble in water, but very sparingly so in the usual organic 
solvents. Their aqueous solutions react strongly acid to litmus, 
but neutral to methyl-orange. 

It was expected that this acidity would prove too great for pur¬ 
poses of intravenous injection, and that it would be difficult to 
distinguish between the effect due to the acidity and that due to 
the arsenic compound. This was confirmed by experiments with 
5 : -arscno-1 :3 :1 ; : V-henzodiazole (YIII) by Miss Soref, of the 
Wellcome Physiological Kesearch Laboratories. 

Ex PEE I MENTAL. 

3: A-Diaininophenylarsinic Acid. 

The preparation of considerable quantities of this acid was 
carried out according to the directions given by Bertheim (Joe. cit.), 
save that it was found advisable to omit the boiling of the solution 
after the reduction with sodium hyposulphite, as this diminished 
the yield and gave a more highly coloured product. 


1: d-Benzodiazole-5-arsimc Acid (V). 

Ten grams of 3:4-diaminophenylarsinie acid were boiled under 
a reflux condenser for six hours with 100 c.c. of glacial formic acid. 
After removal of the excess of formic acid by distillation, water 
was added, when 7-5 grams of crystalline material rapidly 
separated. To remove adhering traces of colouring matter, the 
product was treated with charcoal in dilute alkaline solution. On 
making neutral to methyl-orange, crystallisation commenced at 
once, practically the whole being recovered in a pure state. 

1: 3-jBenzadiazQle-5~arsimc acid crystallises from water, in which 
if is sparingly soluble, in clusters, of minute, flattened prisms, which 
are anhydrous. On heating, it gradually darkens above 250° and 
decomposes rapidly about 297° (corr.). 

Found: N = 11’4; As = 30'8. 

. C 7 H 7 0 8 N 2 As (242T) requires 1ST — 11*6 ; As=30’96 per cent. 
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5 : 5 r -Arseno- 1:3: l 7 :3 '-benzodiazole (VIII). 

A solution of 5 grams of 1 :3-benzodiazole-5-arsinic acid in 
100 c.c, of water containing 1*2 grams of sodium hydroxide was 
treated with 50 grams of sodium hyposulphite and 11*5 grams of 
magnesium chloride dissolved in 300 c.c. of water, and the mixture 
heated, with stirring, at 60° for two hours in an atmosphere of 
carbon dioxide, by which time the precipitation of the yellow 
arsenobenzene was complete. After cooling, the product was 
collected, well washed with water, suspended in 90 c.c. of water, 
dissolved by the addition of sufficient hydrochloric acid to form the 
clihy dr ©chloride, filtered from traces of undissolved matter, and 
precipitated by pouring into an equal volume of concentrated 
hydrochloric acid. The hydrochloride was collected, well washed 
with alcohol and ether, and dried in a vacuum over sulphuric acid . 
The yield amounted to 3*9 grams. 

5 : B'-Arseno-l : 3:1 7 : V-benzodiazole is obtained as a bright yellow 
powder practically insoluble in water or the usual organic solvents, 
sparingly, if at all, soluble in methyl alcohol containing hydro¬ 
chloric acid, hut fairly readily so in 50 per cent, acetic acid. The 
dihydrochloride forms a pale yellow powder soluble in water, very 
sparingly so' in methyl alcohol or ethyl alcohol, and quite insoluble 
in acetone or ether. The aqueous solution reacts acid to litmus, 
but neutral to methyl-orange. After drying in a vacuum over¬ 
night, it retains solvent equivalent to two molecules of water. 

Found: N = ll*3; As = 30*2 ; Cl = 13*8. 

O !4 K 30 N 4 As,,2HCl,2H 2 O (493*1) requires N = ll*4; As = 30*4; 

Cl = 14*4 per cent. 

3 lABiacetylmninophenylarsinie Acid and 2-Methyl-1 : 3 -bento* 
diazole-o-arsinic Acid (VI). 

Experiments in which diaminophenylarsinic acid was heated with 
glacial acetic acid, with acetic anhydride, with acetyl chloride and 
pyridine, or with acetic anhydride in the presence of a trace of 
sulphuric acid, were unsuccessful, owing to the considerable amount 
of decomposition which occurred. It was found, however, that if 
the acid, dissolved in methyl alcohol, was treated with a mixture 
of acetic acid and acetic anhydride, and the methyl alcohol then 
removed as completely as possible by distillation on the water-bath, 
the resulting solution, after heating to active boiling for four hours, 
gave ' an .excellent ■ yield: of a product, which, from: its composition, 
proved to he the diacetyl derivative of diaminophenylarsinic acid. 

3:4 -Diacetylaminophenylarsinic acid- crystallises from water, in 
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which, it is fairly readily soluble, as a felted mass of fine needles 
which retain from 2 to 2*5 per cent, of solvent. 

Found: loss at 110° (two specimens) 2*6, 2'2. 

In dried material: N = 8*8; As = 23*8. 

C 10 Hi 3 O 5 N a As (316-1) requires N, = 8*9; As = 23*7 per cent. 

As the product did not lose acetic acid when heated to 250°/ 
20 mm., it was heated with ten times its weight of water in a sealed 
tube for four hours at 130°, when the desired reaction took place 
almost completely. 

2-Methyl-1:2>-benzodiazole-5-arsinic acid crystallises from water, 
in which it is somewhat sparingly soluble, in minute needles contain¬ 
ing two and a-half molecules of water of crystallisation, the last half 
molecule being removed with difficulty at 110°, but fairly readily 
at 120°. After drying at 110°, it darkens on heating above 250° 
and decomposes at about 270° (corr.). 

Found: loss at 110°=15*5. 

C 8 H 9 0 3 N' 2 As,2|-H20 requires H 2 O = 15-0 per cent. 

In dried material: C = 37*3; H = 3*8; N = 10*7; As = 29*3. 
C 8 H 9 0 3 N 2 As (256-1) requires C = 37*5; H = 3*5; N=10-9; As = 29-3 
per cent. 

2 : 2 r -Dimethyl-5 : 5 f -arseno- 1:3: V: 3 l -benzodiazole. 

This was prepared in the same manner as 5: S^arseno-l: 3: V : 3 ; - 
benzodiazole, which it resembles very closely in its properties. 

The dihydrochloride forms a pale yellow powder, soluble in water, 
but almost completely insoluble in methyl alcohol, ethyl alcohol, 
ether, or acetone. After drying in a vacuum for twenty-four 
hours, it retains solvent approximating to three molecules of water. 
In aqueous solution it reacts acid to litmus but neutral to methyl- 
orange. 

Found: N = 1Q*3; Cl = 12*7; As = 28*0. 

C xc H 14 N 4 As 2 ,2HC1,3H 2 0 (539*1) requires N = 10*4; Cl = 13*l; 

As = 27*8 per cent. 

5 :6-Diamind-m-tolylarsinic Acid (I). 

A solution of 8-6 grams of 5-nitro-6-amiho-m-toIylarsinic acid in 
75 c.c. of water and 6’le.c. of lOA-sodium hydroxide was cooled 
to —1° and treated^ in one operation, while stirring vigorously, 
with 20*4 grams of sodium hyposulphite. "When the reaction was 
.. complete, . as •. shown '■ by' the ' changein ■ colour,. the ■. solution ' was 
filtered, treated with 8*1 c.c. of hydrochloric acid (D 1*12), and the 
resulting acid, which separated in the course of a few minutes, 
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collected, washed with, water, and recrystallised from water, in 
which, it is sparingly soluble in the cold, hut fairly readily so on 
warming. It separates in colourless needles, which contain between 
one and a-half and two molecules of water of crystallisation. It 
dissolves fairly readily in methyl alcohol or acetic acid, but is very 
sparingly soluble in ether, benzene, or petroleum. Its solution in 
dilute hydrochloric acid gives a characteristic, deep violet color¬ 
ation with a drop of a dilute solution of potassium dichromate. 
It appears to decompose slowly on keeping. 

Loss at = 

C 7 H h 0 3 NoAs, 1|H 2 0 requires 9’9 per cent. 

C 7 H n 0 3 K 2 As,2H 2 O requires 12*8 per cent. 

In dried material: N = ll*3; As = 30*4. 

C 7 H n 0 3 hf 2 As (246*1) requires N = 11*4; As=30*5 per cent. 

7-Methyl-1:2 : Z-henzotriazole-o-arsinic acid- ,(11) was obtained by 
treating a solution of 3:4-diamino-m-tolylarsinic acid in dilute 
hydrochloric acid with a molecular proportion of sodium nitrite. 
It forms a crystalline powder very sparingly soluble in water, but 
more readily so in alcohol. It crystallises from 50 per cent, 
alcohol in minute, colourless, glistening needles, which are 
anhydrous, and gradually decompose on heating above 280°. 

' Found: N = 16'6. 

C 7 H s 0 3 N 3 As (25.7*1) requires N = 16'4 per cent. 

4-d /eihylphenan th raphenmin e-2 -arsinic acid (III) was obtained 
by the condensation of molecular proportions of phenanthraquinoiie 
and 3 :4-diamino-m-tolylarsinic acid in acetic acid solution. It forms 
an amorphous, yellow powder, sparingly soluble in water and the 
usual organic solvents. With concentrated sulphuric acid, it 
develops an eosin-red colour, with nitric acid a cherry-red, and with 
hydrochloric acid an insoluble red compound. The colour is dis¬ 
charged in all three cases by dilution with water. It dissolves in 
dilute sodium carbonate or sodium hydroxide, but a fiocculent pre¬ 
cipitate of the sodhim salt is thrown down on the addition of 
excess of the reagent. 

Found: H=6*4. 

C 2 jH 15 O s N 2 As (418*2) requires N = 6*7 per cent. 

7-MtihylA : Z-henzodiazole-5-arsinic Acid (IV). 

Two grams of 3:4-diamino-ra-fcolylarsinic acid were boiled with 
20 c.c. of glacial formic acid for six hours. The isolation of the 
product was carried out as in the case of 1:3-benzodiazole-5-arsinic 
acid, save that the treatment with charcoal was found to be more 
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effective in acid solution. The air-dried product contains only- 
traces of moisture and resembles the lower homologue very closely 
in its properties. It dissolves sparingly in water and crystallises 
in minute, prismatic needles, which darken when heated above 
280° and melt and decompose at about 300° (eorr.). 

Found: loss at 110°= 1'3. 

In dried material: N = 10*8; As = 29*4. 

C 8 H 9 0 3 lSr 2 As (256-1) requires N = lQ-9; As = 29'3 per cent. 


7 ; V-Dimethyl-5 : b'-arseno- 1:3 : V : 3 ! -benzodiazole. 

This was obtained by the reduction of the above acid with sodium 
hyposulphite in the manner previously described (p. 1376), as a 
pale yellow powder, insoluble in water and the usual organic 
solvents, but moderately soluble in acetic acid. The corresponding 
dihydrochloride forms a pale yellow, granular powder soluble in 
water, but insoluble in methyl alcohol, ethyl alcohol, ether, or 
acetone. After drying for twenty-four hours under greatly 
reduced pressure, it retained solvent corresponding with two 
molecules of water. 

Found: N = 10-6; As = 28*6; Cl=13-1. 

Ci fi H 14 N 4 As 2 ,2HCl,2H 2 0 (521-1) requires 3S T = 10-75; As = 28'S; 

0 = 13-6 per cent. 


2 : 1-Dimethyl-1: %-benzodiazole-5-arsinic Acid (VII). 

This acid was obtained, by the prolonged action (six to eight 
hours) of boiling acetic acid on 5:6-diamino-w-tolylarsinic acid, 
the isolation being carried out in the usual manner. It.is some¬ 
what soluble in boiling water, but sparingly so in cold, and 
separates from the former in minute, prismatic needles which 
contain two molecules of water of crystallisation. 

Found : loss at 110° = 12*2. 

C^H-^0;.1S[ 2 As,2H 2 0 requires 11*8 per cent. 

In dried material : N == 10-6; As = 27*9, 27-5. 

C 0 H n O s N.,As (270*1) requires N.= 10-4; As = 27*75 per cent. 

2:7 :2 ; \V-Teiramethyl-5 : § l -ar$eno-\ : 3:1 ; : V-benzodiazole. 

The above acid was readily reduced to the corresponding arseno- 
benzene by sodium hyposulphite, under the conditions previously 
: employed. , The arsenohenzene closely .. resembles those. ; already 
described in its physical and chemical properties. The dihydro¬ 
chloride forms a pale yellow powder soluble in water, but insoluble 
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in the usual organic solvents. After drying for twenty-four hours 
in a vacuum, it retains solvent corresponding with approximately 
two molecules of water. 

Found: N-10'0; As = 27*3; Cl = 12*3. 

Ci8H ls F 4 As, 5 2HCl,2H 2 0 (549*1) requires N = 10'2; As = 27-3; 

Cl = 12*9 per cent. 

Wellcome CHBMIC.VXi Research Laboratories, 

London, E.C. 1. [Received, October 27th, 1919.] 


GXXX.—The Equilibrium between Carbon, Hydrogen , 
and Methane . 

By Hubert Frank Coward and Stanley Pierce Wilson. 

Equilibrium in the system C + 2H 2 = CH 4 is more suited to experi¬ 
mental study, in one respect, than the more commonly investigated 
high-temperature dissociations, such as those of water, carbon 
dioxide, and hydrogen chloride. The proportion of methane in 
equilibrium with carbon and hydrogen diminishes with increasing 
temperature, and hence when equilibrium is once established in 
the zone of reaction, the cooling of the gaseous mixture on its 
removal from the carbon is not accompanied by an alteration in 
composition. It is a simple matter to ensure the absence of 
elementary carbon from any but the zone of measured temperature 
in which the equilibrium is attained. 

The synthesis of methane from its elements was achieved by 
Bone and Jerdan (T,, 1897, 71, 41; 1901, 79, 1042), who found 
that when a stream of hydrogen was passed over carbon at about 
1200 °, the resulting gaseous mixture was hydrogen containing, 
roughly, 1 per cent, of methane and no other hydrocarbon. This 
synthesis was confirmed by Bone and Coward (T., 1910, 97, 1219), 
who obtained an almost theoretical yield of methane from 0*0824 
gram of, carbon.. 

The decomposition of methane into carbon and hydrogen, with¬ 
out the permanent formation of any detectable amount of any 
other hydrocarbon, was demonstrated by Bone and Coward (T., 
1908, 93, 1197). ' 

The above-mentioned experiments, the forerunners of those now 
to be deserfbed, indicated- that the equilibrium . mixture " at 
1000—-'1.200° (contained, roughly, Z per cent, of methane. ; - 
■ ■ The determination of equilibrium values in the system has-'been 
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attacked in two other quarters. Mayer and Altmayer (Ber 
1907, 40, 2134) carried out experiments with the aid of a catalyst 
at temperatures ranging from 475° to 625°, and declared that 
Bone and Jerdan’s methane formed at 1200° could not have arisen 
by the direct union of carbon and hydrogen. Bring (T., 1910, 
97, 498) found that a carbon rod lightly coated with platinum 
gave the value 0'55 per cent, of methane in equilibrium at 1200° 
and 0‘30 per cent, at 1500°. Finally, Pring and Fairlie (T., 1912, 
101, 91) conducted experiments under high pressures, and, assum¬ 
ing the law of mass action to hold down to atmospheric pressure, 
calculated the following equilibrium values: 

Amorphous carbon. Graphite. 

1200° 0-36 per cent, of methane 0*24 per cent, of methane 

1500° 0-21 „ „ 0-07 

The series of experiments, the results of which are recorded 
below, were conducted in essentially the same way as those 
described in detail by Bone and Coward (loc. cit .), except that the 
gaseous products of reaction were passed backwards and forwards 
over the carbon used until analysis showed the attainment of con¬ 
stancy of composition. The porcelain tube used to contain the 
reacting substances was, as before, set up coaxially with a wider 
one, through which dry hydrogen was passed. The wider tube was 
heated electrically by means of a platinum wire resistance. The 
temperature of the inner tube was, at 1100°, constant, within ±6°, 
for a length of 10 to 15 cm. (in different furnaces), which was 
ample to contain the carbon used. The latter was held in a quartz 
boat or in an open quartz tube just narrow enough to pass freely 
into the porcelain tube. 

The temperature of the reaction zone was measured by means 
of a platinum and platinum-rhodium thermo-]unction lying in 
the inner porcelain tube, but encased in a thin quartz tube; one 
wire was insulated from the other by running it through a fine 
quartz tube. The thermo-couple was standardised by means of 
lithium chloride (m. p. 605°), antimony (m. p. 828°), an alloy of 
SO per cent, of copper and 20 per cent, of tin (m. p. 738°), 
potassium carbonate (m. p. 835°), and electrolytic copper (in. p. 
1084°). 

The gaseous products were collected direct from the furnace over 
a mixture of glycerol and water, and before being re-passed into 
the furnace were dried by passage through a U -tube containing 
fragments of dry stick potassium hydroxide. 

The electrolytic hydrogen and the carbon were prepared as 
described by Bone and Coward, The methane was obtained by 
interaction between aluminium carbide and water, washed with. 

3 Jf* 2 
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ammoniacal cuprous chloride and sulphuric acid, and collected after 
air had been displaced from the apparatus used for the prepara¬ 
tion. Hydrogen, was then removed by liquefaction of the gas by 
means of liquid air, and subsequent distillation. This procedure 
was proved to afford a satisfactory means for removing hydrogen 
from large volumes of methane. It cannot, however, be recom¬ 
mended for removing air from methane; methane must be pre¬ 
pared free from air in the first place unless large quantities of the 
gas are sacrificed during the fractional distillation after 
liquefaction. 

Experiments at 1100°. 

Synthesis of Methane .—Pure dry hydrogen was passed over 
1 gram of carbon (ash, 0*06 per cent.) at the rate of about 1 litre 
per hour until from 5 to 6 litres of gas had been collected. A 
litre of this was measured and treated with palladium foil; the 
resulting concentrate was measured and analysed. The residual 
4 to 5 litres of the gas, once passed over carbon, were re-passed 
at the same rate as before, and a sample was taken for analysis 
after concentration. The residual gas was then passed twice again 
over the heated carbon, and again sampled for analysis. The 
results of the analysis, calculated back to the unconcentrated mix¬ 
tures, are (in percentages): 


1st passage, 2nd passage. 3rd passage. 

Carbon monoxide .. 0-07 0-16 0*51 

Methane. 0-46 0*70 0-65 

Nitrogen . 0-21 0-51 0-67 

The experiment was repeated with the same sample of carbon: 

1st passage. 2nd passage. 3rd passage. 4th passage. 

Carbon monoxide. 0*13 0*23 0*32 0-47 

Methane.... 0*43 0*68 0*64 0*67 

Nitrogen .. 0*26 0*49 0*66 0-69 


Each experiment shows an accumulation of methane during the 
first and second passage of the gas over the carbon, but thence¬ 
forth the methane content remained practically constant. 

The nitrogen content is a measure of the leaking in of air during 
the experiment and analysis, and in itself is unimportant. The 
carbon monoxide, due in part to air apd in part to a slight 
oxidising action by the glaze of the heated tube, raises the question 
as to whether carbon monoxide may pla,y some important part in 
:; the synthesis. It is., just conceivable, although contrary . to..the' 
results of other investigations,* that carbon monoxide would be 

* Bone and Coward (T., 1908, 93, 1987) showed that when a mixture of 
98 per cent, of hydrogen and 2 per cent, of carbon monoxide was jiassed 
through a porcelain, tube at 1100° in the absence of carbon, no more than 
0*03 per cent, of methane was -present in the issuing gas. 
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reduced by the large excess of hydrogen present to methane and 
water; the latter would regenerate carbon monoxide by reaction 
with carbon. If carbon monoxide acted as a catalyst in the 
synthesis, then the two reactions—whatever they might be precisely 
—indicated as A and B in the scheme 

0 -> Ctf 4 



CO 


would each be fast in comparison with the fate of the direct 
synthesis. Hence the accumulation of carbon monoxide exhibited 
in the experiments would only be possible provided that the 
reversion of methane to carbon and hydrogen were a very rapid 
reaction indeed when the methane was increased above about 0*7 
per cent. That this is not the case is shown by experiments (below) 
on the decomposition of methane at 1100°. The carbon monoxide 
is therefore produced as a side reaction between carbon and water 
vapour, and plays no part in the formation of at least the great 
proportion of the methane found. 

Decomposition of Methane. —A mixture containing 2*0 per cent, 
of methane and 98*0 per cent, of hydrogen was passed over the 
same sample of carbon, eight times in all. The gas was sampled 
from time to time for analysis as before. The results were (in 
percentage): 

2nd passage. 5th passage. Sth passage. 


Carbon monoxide ......... 0-45 0-65 0-92 

Methane..—... 1*18 0*64 0*61 

Nitrogen .. 0*49 0*52 1*04 


Here, again, the steady formation of carbon monoxide is evident, 
whilst the methane-content becomes constant at or before the fifth 
passage, and shows the attainment of equilibrium, as in the 
synthetic experiments. 

Synthesis and Decomposition of Methane in the Presence of. 
Nickel. —One gram of the pure carbon was intimately mixed with. 
1 gram of nickel oxide, obtained by igniting the nitrate, and the 
mixture heated to 300° in hydrogen until no more water vapour 
was formed, and then raised gradually to 1100° in a current of 
hydrogen. The gas issuing from the tube was collected and re¬ 
passed three times; analysis showed it to contain: carbon mon¬ 
oxide— T29, methane = 0*61, nitrogen— 0*49 per cent. /■'■'v 

The decomposition of methane was conducted with a mixture 
containing 5‘7 per cent, of methane and 94*3 per cent, of hydrogen. 
After five passages over the saipe mixture of carbon and nickel, the 
gas contained: carbon monoxide = 1*27, methane = 0*57, nitrogen = 
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1-33 per cent. The increase in carbon monoxide is ascribed to the 
well-known difficulty of reducing finely divided nickel oxide com¬ 
pletely in hydrogen. 

Collection of Results at 1100°.—The equilibrium values indicated 


above are : 

Carbon-Nickel 
Pure carbon. mixture. 

Synthesis . (i) 0*65; (ii) 0-67 0-61 

Decomposition . 0-61 0-57 


The mean value for the equilibrium amount of methane at 
1100° is therefore 0-62 per cent. 


Experiments at 1000°. 

Synthesis of Methane .—The synthesis of methane from the 
highly purified carbon used in the experiments at 1100° proved to 
he-too slow for the attainment of equilibrium at 1000°. A less 
pure sample containing 05 per cent, of incombustible matter 
(silica) gave the following percentage results in an experiment con¬ 
ducted in a similar manner to the corresponding experiment at 
1100 °. 

1st passage. 2nd passage. 3rd passage. 4th passage. 


Carbon monoxide.. 0-05 0-10 0*17 0*28 

Methane... 1*06 0*97 0*96 1*06 

Nitrogen . 0*15 0*44 0*32 0*31 


Equilibrium is evidently established from the first. The carbon 
monoxide-content is much lower than in the experiments at 1100°, 
and although increasing throughout, has no appreciable influence 
on the methane-content of the gases. The high value for nitrogen 
in the second experiment is most probably due to a small in-leakage 
of air during the concentration of the sample of gas analysed. 

An experiment with 1 gram of carbon containing 4 per cent, of 
platinum, finely disseminated, gave similar values: 

1st passage. 2nd passage. 

0*07 <H0 

1-09 1*08 

0*09 0*19 

Decomposition of Methane.—~A mixture containing 2*0 per cent, 
of methane and 98‘0 per cent., of hydrogen gave in two separate 
experiments: 


First experiment. Second 

<•---experiment. 

3rd passage. 5th passage. 2nd passage. 
Carbon monoxide ......... 0*19 v 0*41 0*55 

Methane... 1*16 Y 1*13 1*06 

Nitrogen .... .. 0*83 v 0*84 0*69 


Carbon monoxide 
Methane............ 

Nitrogen ... 
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Synthesis and Decomposition of Methane in Presence of Nickel. 
—The same sample of a carbon—nickel mixture as was used for 
the experiments at 1100° gave the following results at 1000 °. 
Starting with pure hydrogen, samples of the unconcentrated gases 
showed on analysis an approximately constant content of methane 
from the second to the sixth passages. The methane then present 
was determined accurately after concentration of the mixture: 
carbon monoxide = 2-2, methane = 1-23, nitrogen = 0*7 per cent. 
The decomposition of a 3*7 per cent, methane mixture gave, in 
similar circumstances, a constant content of methane from the 
third to the seventh passage. The final composition was: carbon 
monoxide = 1*1, methane —ITS, nitrogen = 1*2 per cent. 

Collection of Results at 1000°.—The equilibrium values 
indicated above are: 

Carbon (0*5 per Carbon-4 per 
cent, of ash). cent, of platinum. Carbon-Nickel. 


Synthesis ... 1*01 1-09 1-23 

Decomposition . 1*13; 1’06 — 1-18 


The mean value for the equilibrium amount of methane at TOGO 0 
is therefore 1T2 per cent. 

Experiments at 850°. 

The reaction between carbon and hydrogen proved to be too 
slow at 850° for equilibrium to be reached at that temperature 
within a reasonable period of time in the apparatus employed. 
Experiments with the nickel-carbon mixture were more, successful. 
Synthetic experiments with a slow stream of gas showed that from 
the sixth to the eighteenth passage the methane content remained 
constant, according to the approximate results of analyses of un¬ 
concentrated samples of the mixture. The methane present at the 
end of the eighteenth passage was determined after concentration : 
carbon monoxide ==0*5, methane ==2*60, nitrogen=1*3 per cent. 
Corresponding experiments on the decomposition of methane, 
Carried out with a very slow stream of gas, showed constant coin- 
position between the second and fifth passages of the gas: carbon 
monoxide = 0*2, methane = 2*4, nitrogen=0-6 per cent. 

The equilibrium amount of methane at 850° is therefore 2*5 per 
cent/' 

Experiments at 650°. 

Hydrogen and methane were separately heated for prolonged 
periods in contact with carbon at 650°. In no case did the analyses 
of the resulting mixtures indicate ^that equilibrium could be 
attained within any reasonable period, of time, although attempts 
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were made to activate the carhon by means of finely divided nickel, 
(a) by grinding together nickel oxide and pure carbon and reducing 
in hydrogen at 300° 3 (b) by igniting a mixture obtained by 
evaporating nickel nitrate in the presence of excess of finely divided 
carbon, and heating finally in hydrogen at 300°; (c) by absorbing 
nickel nitrate in small pieces of porous porcelain, igniting, and 
depositing carbon by the prolonged passage of methane over the 
heated solid. 

It is not concluded that it is impossible to prepare carbon in a 
sufficiently active state to attain equilibrium at this temperature, 
but the claim of Mayer and Altmayer ( loc . cit.) to have succeeded 
at still lower temperatures is much weakened by the fact that they 
record no attempt to discover whether their gaseous products con¬ 
tained carbon monoxide. If, as it seems fair to assume, therefore, 
they overlooked carbon monoxide, much of their so-called methane 
may have had no actual existence. That there must have been 
carbon monoxide present in their products can scarcely be doubted 
in view of, first, the presence of large amounts of nitrogen, and, 
secondly, their use of somewhat large amounts of nickel, which, as 
is known, is difficult to obtain free from nickel oxide by reduction 
of the latter at a low temperature, 
s : 

.. . V 

Summary and Conclusions . 

The percentage composition of the equilibrium mixtures of 
methane and hydrogen in contact with amorphous carbon at atino- 
" spheric pressure, is 

1100°. 1000°. 850°, 

Methane............ 0-6 1-1 " 2-5. 

Hydrogen .. 99*4 98-9 97-5 

These values will doubtless be capable of correlation by means of 
a thermodynamical equation, when the specific heats of the three 
reacting substances are known, together with the heat of formation 
of methane. Information as to the specific heat of methane at 
high temperatures is, however, wanting at present, and the heat of 
combustion of methane has apparently not been determined with 
a gas of sufficient purity. Calculation of the mean value of the 
latter between 850° and 1100° from the experimental values for 
the equilibrium, by means of the integrated form of the equation 

dlogK __ _ Q 

c tt~ ~ im 

gives the value 18,000 calories, with a possible error of perhaps a 
couple of thousand calories.. 
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CXXXL —The Properties of Ammonium Nitrate . 
Part I . The Freezing Point and Transition- 

temperatures. .%■ 

By Reginald George Early and Thomas Martin Lowry. 


Ammonium nitrate is remarkable amongst salts both for its easy 
fusibility and for the fact that the salt exists in not fewer than 
five crystalline forms, the ranges of stability of which are marked 
by a series of four well-defined transition-temperatures. These 
different forms are conveniently named, in the same way as the 
various forms of iron, by Greek letters, starting with the form 
which is stable at the lowest temperatures. 

The crystalline forms of these modifications, and the published 
data in reference to the transition-temperatures, are set out in the 
following table. 


Table I, 

Changes of State in Ammonium Nitrate. 


Form of Crystalline 
salt. system. 

Liquid — 

e Cubic 

'■■S *Rhombohedral 

y f Rhombic 

j8 Rhombic 


Change 





of 

state. 

Transition 

.-temperature. 


1, 

to 

liq. 

j 

165—166 

165°, 

, 168°, 165-2°. 


\ 


'127°, 124—125°. 

, 124°, 123*5—125*5°, 

u 

to 

J 

125-6°, 

122-6°, 126-2°, 

124-0— 

f 


1 

125-6°, 

, 125*0° 

, 125*2°. 


) 



[87°, 82 

•5—86° 

, 81°, 82-5—86-5°, 

• y 

to 

8 \ 

82-8°, 

83-0°, 

86-°, 85-5°, 84°, 84°, 

1 


■ A 

[ ■ 82-26°. 





to 

7 _| 

f 36°, 31- 

-35°, 

35°, 31—35°. 

, 32-4°, 



t 32-2°, 

35-0°, 35-0°, 32-5°. 



a 


Tetragonal ) * to « - |6 ’> l8 "' 

* Or tetragonal. ■■ f Or monosyinmetric. 


In view of the fundamental character of these constants and of 
the fact that the temperatures are' all easily accessible, a redeter- 
minatxon was made which has had the effect of fixing the freezing 
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point with an estimated error of a few tenths of a degree at 169”6°, 
whilst the three upper transition points have been determined 
probably within a few hundredths of a degree at 125'2°, 84‘2°, and 
32-1°. 

I. Freezing Point at 169'6°. 

The difficulty of determining the correct melting point or freez¬ 
ing point of the salt, and the fact that values much below the 
correct figure have so often been recorded, arise from two charac¬ 
teristic properties of the salt, namely, the very great sensitiveness 
of the freezing point to the influence of small quantities of 
moisture (details in reference to which will he given in a later 
paper) and the tendency of the salt to retain its moisture even 
when attempts are made to remove it by somewhat drastic methods. 

On account of these properties of the salt, we obtained in our 
earlier experiments a long series of concordant values for the 
freezing point, which were afterwards proved to be more than 2° 
too low. These freezing points were determined by observing the 
arrest of temperature which occurred immediately after crystal¬ 
lisation had begun in about 40 grains of the molten salt, the salt 
being stirred vigorously in a glass tube surrounded by an air- 
jacket in a bath of boiling water in order to prevent over-rapid 
cooling. The temperatures were measured by a thermometer 
graduated in fifths of a degree from 0° to 200°, and recently re- 
standardised to 0‘02° at the National Physical Laboratory; this 
thermometer was of the compensated type, and the zero had 
remained constant within 0'02° over a period of about ten years. 
Two auxiliary thermometers were used to record the temperatures 
of the u exposed column ,J of mercury inside and outside the glass 
tube containing the salt. A series of freezing points determined in 
this way gave very concordant figures, the corrected values being 
as; follows:' 

166-95°, 166*95°, 166*90°, 167*15°, 167*0°. Mean, 167*0°. 
This was the freezing point of a sample of the salt which had been 
recrystallised twice from water and dried, first In a steam-oven 
during several hours, and then during a day and a night over 
sulphuric acid in a desiccator exhausted with the help of a Gaede 
■".mercury pump. 

- Boubt was first thrown, on'the correctness of these readings when, 
it was discovered that a commercial sample of ammonium nitrate 
which had been dried and ground, and then re-dried in the usual 
way in the laboratory, gave a freezing point of 168-8°, that is, 
nearly two degrees higher than our best laboratory specimen of 
the salt. .As this higher freezing point could obviously not be due 
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to impurities, which would tend to lower the freezing point of the 
salt, it could only he attributed to the fact that the drying had 
been accompanied by a grinding which was absent in the labora¬ 
tory process of purification already described. 

In order to secure equally favourable conditions in the labora¬ 
tory, the purified salt was heated in a steam-oven, cooled, and 
crushed ill a mortar, and left overnight in a vacuum desiccator, 
this cycle of operations being repeated three or four times. A 
series of freezing points of material prepared in this way gave the 
f ollowing figures: 

169*16°, 169-14°, 169-04°, 169-05°, 169*06°. Mean, 169*09°. 
The first two values were for ammonium nitrate from Hopkin and 
Williams, twice recrystallised; the next two are for the same 
sample after storing for some weeks in a desiccator over calcium 
chloride; the last value is for a commercial sample of Norwegian 
nitrate recrystallised from water and dried by the method Just 
described. These experiments showed that the freezing point of 
the salt was at least 169T°, and might he as high as 169*2° in 
view of the first two values recorded in the list. 

A further improvement in the freezing point was effected by 
sealing up in an exhausted flask, connected with a bulb of phos¬ 
phoric oxide, some of the salt prepared as described above. The 
nitrate was shaken tip repeatedly to expose a fresh surface, and at 
the end of a week the freezing point was determined. In plotting 
the cooling curves for these determinations of the freezing point, 
two modifications were made in the practice previously adopted, 
namely, (i) the outer water-jacket was kept at 80° instead of 100° 
in order to reduce the amount of water vapour round the 
apparatus; (ii).-the stirring of the molten salt was stopped as soon 
as the temperature showed signs of becoming steady, in order to 
reduce the loss of heat from the molten mass, and so to prolong as 
much as possible the horizontal arrest in the cooling curve. The 
freezing points determined in this way were 
169*58°, 169*55° 

After three months’ further drying by phosphoric oxide, no further 
rise of the freezing point was produced, but, on the contrary, it 
appeared to have receded slightly. The freezing point of the pure 
dry salt may therefore he placed at 169*6°. If the freezing point 
of the salt is expressed in whole niimhers, the figure 170° is more 
exact than any hitherto given, since the experimental numbers 
recorded above are unlikely to be too high, but may still be slightly 
below the true maximum figure. 

The drying of ammonium nitrate, which is not really a difficult 
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operation when dealing with the solid salt, cannot he effected 
merely by stronger heating, since the salt, which begins to decom¬ 
pose at 200°, retains even at this temperature the moisture pro¬ 
duced by decomposition. Thus, two samples, which had been 
heated to vigorous effervescence at 225°, froze at 166'8° and 167-0° 
when cooled, again to the freezing point of the molten salt. Again, 
a sample of the nitrate which melted originally at 169°, froze at 
165-5° after being heated to 230° to 240° for a few minutes, and 
at 163-4° after a second heating. The molten salt, indeed, appears 
to cling to its water quite as tenaciously as concentrated sulphuric 
acid, and it is only by grinding the solid to a fine powder that 
complete drying is readily effected. 


II. Transition-temjJeratuf'e at 125-2°. 

"When the molten salt is allowed to cool from the melting point 
in a tube provided with a thermometer dipping into the salt, the 
highest of the transition-temperatures referred to in table I gives 
rise only to a retardation of cooling at about 125°. In order to 
produce slower cooling and to secure, if possible, a horizontal arrest 
in the cooling curve, in spite of the poor thermal conductivity of 
the salt, the following method was adopted. About 90 grams, of 
the purified salt were melted and poured into a small beaker, which 
was lowered into the centre of a vacuum-jacketed cylinder. A 
standard thermometer was inserted, and the salt was allowed to 
set round the bulb. The stem of the thermometer passed through 
a large rubber stopper, which served to close the top of the cylinder 
and so prevent loss of heat by convection to the outer air. The 
cylinder, in its turn, was immersed as far as possible in a bath of 
hot water, stirred mechanically, and maintained at a fairly constant 
temperature by a flame. A Bunsen valve was provided for the 
escape of air by expansion from the cylinder, whilst two auxiliary 
thermometers gave the temperatures of the “ exposed column ” of 
the standard thermometer. An attempt was made to retard the 
cooling still further by exhausting the air from the interior of the 
cylinder, but this procedure did not appear to serve any useful 1 
purpose, and was abandoned, because of the additional trouble 
caused oy the frothing up of the salt to a porous mass during 
exhaustion. :. .When : ;'Ql^ : eryiug;- ; the; transition point at 125°, '.the 
temperature of the outer water-bath was maintained at 95°, but 
it was then generally allowed to cool to 75° in order to observe the 
further transition at 84°, to which reference is made in Section III 
below. The readings obtained in this way with air in the vacuum 
cylinder were 125-2°, 125 * 6 ° 125 * 8 ° 125 * 1 ° 125*6°, 125*2°, whilst 
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with, the air exhausted from the cylinder the readings were 125’2° 
and 125‘4°. The mean of the whole series is 125’4°. Zawiclx’ki 
( Zeitsch . 'physikal. Ghent., 1903, 47, 721) obtained a mean value 
of 125"0° for arrests in the cooling of ammonium nitrate, alone and 
mixed with silver nitrate. 

In the case of the transition point at 84°, the poor conductivity 
of the salt may be compensated by stirring the powder in a small 
revolving drum heated externally by means of a vapour-jacket, but 
this method cannot be employed at the higher temperatures, as the 
powder begins to cake into tough lumps. A much more effective 
method of securing good conduction during heating and cooling 
consists in stirring the powdered salt in a bath of liquid not differ¬ 
ing too widely from it in density. The liquid selected for this 
purpose was a mixture of tribromoethane (D 2'62 ; b. p. 188°) and 
xylene (D 0-86; b. p. 140°), the density of ammonium nitrate at 
this temperature being about 1*6. Good results were also obtained 
by using nitrobenzene (D 1*22; b. p. 211°). This method of 
improving the thermal conductivity has the advantage that the 
thermometric measurements can be made within a maximum of 
accuracy. The procedure was as follows. The liquid was made 
Into a “mush” with powdered ammonium nitrate in a glass tube 
20 cm. long and 3'7 cm. in diameter, provided with a stirrer and a 
split cork to carry a standard thermometer; as before, two 
auxiliary thermometers were used to record the temperature of the 
ff exposed column ” of mercury. The glass tube was surrounded by 
a metal cylinder 20 cm. long and 5 cm. in diameter, closed at the 
top with cotton wool, and forming a narrow air-jacket round the 
tube. This cylinder was supported by a bung in the axis of a 
larger metal cylinder, 32 cm. long and 10 cm. in diameter, con¬ 
taining paraffin of high boiling point to serve as a heating or cool¬ 
ing hath, and provided also with a thermometer. In plotting a 
heating or cooling curve, the paraffin bath was adjusted by hand 
to a temperature a few degrees above or below the transition point. 
The “mush” in the inner tube was stirred at intervals of thirty 
seconds to two minutes, according to the velocity of heating or 
cooling, and the thermometer was read immediately after. 

The arrest-temperatures observed in this way during heating and 
cooling, together with the conditions under which the heating and 
cooling were carried out, are shown in table II. 
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Table II. 

Arrest-temperatures of Ammonium Nitrate suspended in a hath 
of Liquid . 


Arrest-points Temperature of 

(corrected). outer bath. Composition of liquid. 


Heating : 

125-21 

130° 

Nitrobenzene. 

125-16 

140 

Xylene and ethylene bromide. 


125-38 

140 

Xylene and ethylene bromide. 


125-22 

130 

Xylene and tribromoethane. 

Mean 

125-25 

125-24° 

130 

Nitrobenzene. 

Cooling : 

125-27° 

120° 

Xylene and ethylene bromide. 

125*21 

120 

Xylene and ethylene bromide. 

Mean 

125-09 

125-19° 

120 

Xylene and tribromoethane. 


These values may be compared with those given by Vogt (Physi¬ 
lent. Zeitsch., 1911, 12, 1129), who obtained with a dilatometer the 
upper and lower limits 125*25° and 125*13°, mean 125*2°. The 
eight values now recorded range from 125*09° to 125*38°'. The 
mean of the five readings obtained by heating the salt is 
125*24°, whilst the mean of the three readings obtained by cooling 
is 125*19°. The general mean of all the readings is 125*22°, and 
this is probably the best value for the transition-temperature. In 
view, however, of the difficulty of reading the temperatures to 
0*01°, we prefer to give the transition-temperature to a tenth of 
a degree at 125*2°. 

III. Transition-temperature at 84*2°. 

The transition at 84° is accomplished hy an abrupt expansion 
which frequently made itself manifest by fracturing the glass vessel 
in which a cast sample of nitrate was being cooled. There is, how¬ 
ever, a very strong tendency for over-cooling to occur, and in many 
cases the salt was cooled to- 32° without any indication that this 
change of crystalline form had taken place. In order to ensure 
the conversion of the 5- into the y-form, it was necessary to inocu¬ 
late the surface of the block with particles of the salt which had 
been heated to 60°, and to assist the conversion by scratching the 
surface with a sharply pointed glass rod. Even under these con¬ 
ditions, the over-cooling was usually very pronounced ; the change 
of crystalline state (even in the vacuum-jacketed apparatus used 
successfully to record the change of state at .125°) only began when 
the temperature had fallen to 82° or below, and the latent heat 
was then not sufficient to restore the temperature to the transition 
point or to produce a horizontal arrest in the cooling curve. Ih 
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every case, therefore, the transition merely produced a sinuous 
curve, the highest temperature recorded for the maximum on this 
curve being 82*7°. 

The first well-marked arrest of temperature at the transition 
point was observed when heating a sample of the powdered salt in 
a machine in which the nitrate was thrown over and over in such 
a way that the bulb of a thermometer was constantly bathed in 
the falling nitrate. A small machine in which this principle was 
embodied gave well-defined arrests on heating at 84*3°, 84'2°, 84*3°, 
and 83'3°, the first three values being concordant within one-tenth 
of a degree. It is remarkable that this transition-temperature, 
which was found to be so exceptionally difficult to locate by the 
methods first employed, proved to he by far the easiest of the 
transition points to determine exactly when once the proper con¬ 
ditions were established. 

The most favourable conditions for determining this transition 
point were those already described in connexion with the change 
of state at 125*2°, namely, to compensate fpr the lack of thermal 
conductivity by stirring the powdered salt in a bath of liquid of 
almost equal density. The liquid used for this series of experi¬ 
ments was a mixture of ethylene bromide (D 2*18; b. p. 131°) and 
xylene (D 0*86; b. p. 140°). Special precautions were again 
needed to prevent “lag” in the change of state; the “mush” was 
therefore inoculated during heating with crystals heated to 100°, 
and during cooling with crystals heated to 60°. The inoculation 
was carried out just before reaching the transition point, and was 
followed by gentle stirring. The arrest points recorded in this 
way, which are lower than the mean of Zawidzki’s arrests at 85'4°, 
but higher than the diiatometric readings 82*16° to 82*36° of Vogt, 
are set out in the following table: 

I 

Table III. 

Arrest-temperatures of Ammonium Nitrate suspended in a Bath 

of Liquid. 


Arrest-points 
(corrected). 
Heating : 84*20° 
84*16 
84*25 
84*20 

Temperature of 
outer bath. 

90° 

90 
. 90 

90 

Composition of liquid. 
Xylene and ethylene bromide. 

Mean 

84*20° 



Cooling : 

84-28° 

84*13 

84*18 

Falling slowly. 

Xylene and ethylene bromide. 

Mean 

84*20° 
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In this case, the means of the four values obtained during heat¬ 
ing and of the three values obtained during cooling are identical. 
The transition point may therefore be fixed, probably within a few 
hundredths of a degree, at 84‘20°, or may be given to a tenth of a 
degree as 84*2°. 

IV. Transition-temperature at 32*1°. 

(a) Heating and Cooling Curves .—The .transition-temperature in 
the neighbourhood of 32° is more easily observed than either of 
those occurring at a higher temperature, since a prolonged arrest 
in the neighbourhood of 32° can always he detected when the 
nitrate is cooled through this temperature; indeed, both this arrest 
and that at 84° are constantly encountered when the nitrate is 
handled commercially. In spite of this fact, exceptional difficulty 
is experienced in securing an exact determination of this transition- 
temperature. This difficulty was ultimately traced to the fact that 
over a range of about a quarter of a degree on either side of the 
true transition point, the velocity of change of state is so slight 
as to be practically imperceptible, with the result that the con¬ 
version usually tabes place at a temperature definitely below the 
transition point on cooling and at a temperature definitely above 
it on heating. 

Large numbers of cooling curves were plotted in order to deter¬ 
mine this transition-temperature accurately. In some experiments 
only a sinuous cooling curve was obtained, but in others well- 
marked horizontal arrests were recorded at the following tempera¬ 
tures: 

Cast blocks .. 31-9°, 32-0°, 32*0°. 

Pressed blocks. 3L7°, 31'5°, 31*4°, 31-8°. 

Loose crystals ............ 31-6°. 

Horizontal arrests were also- recorded, sometimes at lower 
temperatures, for example, 31’0°, 29*5°, 29-6°. 

Arrests during heating were always at a higher temperature, and 
the curves were generally of a sinuous form, rising to a maximum 
value before falling again to a minimum approximating to the 
transition-temperature of the salt. These minima in the heating 
curves were observed at the following temperatures: 

Cast blocks . 33'2°. 

Pressed blocks .. 33‘8°, 33*1°, 33‘2°. 

In one experiment in which the sample had become very much 
over-heated before the change of state set in, a still higher' read¬ 
ing was obtained at 35‘3° (compare Zawidzki, loc. cit who obtained 
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an average, of 35-0° for seven arrests in heating ammonium nitrate 
alone and mixed with silver nitrate). ' 

In view of the fact that the horizontal arrests or maxima in the 
cooling curves were always very much more fully developed than 
the minima in the heating curves, it was believed that the former 
could be assumed to give a correct value for the transition-tempera¬ 
ture which was located provisionally at 32°; actually, however, the 
data now quoted can only be used to prove that the transition- 
temperature lies within certain limits, for example, between 32-0° 
and 33'1°, and it was not possible to secure an absolute deter¬ 
mination by this method in view of the fact that in no case were 
the arrests on heating and cooling within one degree of each other. 

Attempts to secure more accurate readings of these transition- 
temperatures by using larger quantities of nitrate np to a kilo¬ 
gram resulted in failure, the conductivity of the salt being so low 
as to prevent the effective flow of heat from one part of the mass 
to another; better results were, indeed, always obtained by heat¬ 
ing or cooling much smaller quantities of ammonium nitrate, 
insulated as carefully as possible, for example, in a vacuum vessel, 
in order to reduce the rate of heating or cooling to a minimum. 
A distinct improvement in the heating curves was, however, 
obtained, as in the case of the transition at 84°, by starring about 
700 grains of powdered nitrate in a small drum, surrounded by a 
steam-jacket, in such a way as to produce a constant flow of nitrate 
past the thermometer. By using this method, the following 
arrests in the heating curves were recorded: 

32-6°, 32-75°, 32'7°, 32*9°, 33’0°. 

These readings are definitely lower than those recorded previously 
when cast or pressed blocks of the nitrate were heated, but no 
improvement could be effected in the cooling curves, so that there 
still remained a gap of about O’6° between the highest arrest on 
cooling and the lowest arrest on heating. 

The method of stirring the powdered nitrate in a bath, of liquid 
of equal density, which had proved so successful at the higher 
temperatures, was a .complete failure when applied to the y deter- 
mination of the transition-temperature at 32°.' The''temperature 
recorded on the . thermometer immersed in the liquid 'frequently : 
failed to show any arrest at all. Even after" inoculation, the eoob 
■mg .curves" were extremely erratic, and only onytwo;occasions" 'were. v 
satisfactory arrests observed at 31*8° and at 31*6°; on no occasion 
was an arrest observed in the heating curve. It may he noted, 
however, that Miiller ( Zsitsch. physikal. Chem., 1899, 31, 354) 
obtained a satisfactory arrest at 32'2° by cooling from 80° a mix- 
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in re of 100 grams of ammonium nitrate with 15 to 20 grams of 
water, and that this temperature lies within 0'1° of our final value 
for this transition point. 

(b) Experiments with the Dilatometer .—The unexpected difficul¬ 
ties which were encountered in trying to determine the exact posi¬ 
tion of the transition-temperature at 32T° can he traced to the 
relative slowness with which the change of state takes place immedi¬ 
ately above or below the transition point, even when assisted by 
inoculation, as contrasted with the much greater velocity of the 
changes at 84° and 125°. 

This is in accordance with the general rule that changes of this 
character become more and more sluggish as the temperature falls, 
by reason of the decreasing mobility of the molecules and the 
increasing resistance which the rigidity of the material opposes to 
molecular rearrangement. Under such conditions, the thermal 
method becomes difficult or impossible, and it is usually necessary 
to fall back on some method of determining the transition-tempera¬ 
ture in which ample time can be allowed for the change of state 
to reveal itself. In the case of ammonium nitrate, the most 
promising method was to- follow, by means of a dilatometer,* the 
expansion or contraction which accompanies the change of state, 
instead of relying on the absorption or liberation of latent heat to 
produce an arrest in the heating or cooling of the salt. 

Experiments which were made on these lines gave us our first 
trustworthy value for this transition-temperature, and also pro¬ 
vided valuable information as to the velocity of the change in the 
immediate neighbourhood of this point. 

The solid used in the dilatometer was made by fusing pure, dry 
ammonium nitrate, pouring into a mortar, breaking the cast lump 
into pieces about 0-3 cm. in diameter, and sieving to free it from 
dust. This form of the salt was used in order to secure good 
thermal contact between, the solid and liquid, and, at the same 
time, to avoid the risk of fracturing the bulb by the sudden 
expansion of a closely-packed powder. The dilatometer held about 
80 c.c., and the bulb was sealed off after filling about three- 
quarters full with fragment® of nitrate. The liquid was a paraffin 
of high boiling point which had been treated with concentrated 
sulphuric acid to free it from olefines, and then dried over metallic 
sodium ; it was introduced in an air-free condition by making use 
of the apparatus shown in Fig. 1 of a paper by Wade and 
Merriman (T., 1912, 101 , 2430). 

In a dilatometer filled in this way, there are at the transition- 

* Compare van’t Hoff, ZeitscJi. pJtysikal. Ghent., 1895, 17, 130, and 
** Vorfosungen,* 1898, vol. i.; p. 18. 
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temperature two alternative positions for tlie meniscus; one, which 
may be called F/3, is the position when all the nitrate is still in 
the stable low temperature or /3-form; the second, which may he 
called Fy, is the position to which the meniscus rises when all the 
nitrate has been converted (without change of temperature) into 
the lighter y-form. The position F/3 can be determined by heat¬ 
ing the dilatometer from the atmospheric temperature to a point 
just below the transition point; Fy can be determined by heating 
the dilatometer, say to 50°, until the whole of the nitrate has 
passed into the y-form, and then cooling it to a point immediately 
above the transition point at 32°; very little extrapolation is then 
required to give the exact position of these two points. 

In using this method to determine the transition-temperature 
of ammonium nitrate, it is essential that the dilatometer should 
contain both forms of the salt, in order that change of state may 
take place quite readily in either direction. This condition was 
secured by heating the dilatometer to 50°, when the meniscus rose 
to a point well above Fy; on immersing the dilatometer in cold 
water, part of the salt reverted from the y- to the /3-form, a change 
which was revealed at once by the appearance of white patches 
on the lumps of nitrate; this change took place long before the 
contents of the bulb as a whole had time to cool to the transition- 
temperature. Having made sure in this way that the nitrate in 
the bulb contained a substantial proportion "both of the /3- and of 
the y-forms of the salt, it was possible to find a range of tempera¬ 
tures (just above the transition point) at which the meniscus 
tended to settle down in the neighbourhood of Fy by reason of the 
complete conversion of the contents to the y-form, and a range of 
temperatures (just below the transition point) at which the 
meniscus would settle down in the neighbourhood of F/3, owing to 
the complete conversion of the nitrate to the i8-form. 

The actual behaviour of the dilatometer when heated at different 
temperatures after the preliminary treatment described in the 
preceding paragraph was as follows: 

(i) When the dilatometer was immersed in a thermostat at 
32‘2°, the meniscus settled down very quickly to a definite posi¬ 
tion between Fj8 and Fy, and during the course of two hours 
showed no tendency to rise to Fy or to fall towards F$. The 
change of state appeared, in fact, to be arrested at the point to 
which it had been brought by the more drastic preliminary treat¬ 
ment of the salt. A precisely similar behaviour was observed at 
32*1°, 32-0°, 31-9°, 31-8°, and 31*7°. 

'■ : (ii) When the temperature of the thermostat was'vreduceA^tO:' 
31 *6°, the meniscus for the first time began to show a tendency to 
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fall towards V0, although the change at. this temperature was so. 
slow as to be almost imperceptible; on repeating the experiment 
with the thermostat set to 31'5°, however, a definite movement 
towards FjB could be seen. These two temperatures are therefore 
definitely below the transition point of the nitrate. 

(iii) When, on the other hand, the temperature of the 
thermostat was raised to 32*3°, a definite but exceedingly slow 
upward movement of the meniscus towards Vy was observed, and 
a more pronounced movement when the temperature was raised 
to 32-7°. 

These experiments, on account of the extreme sluggishness of 
the change of state in the immediate neighbourhood of the transi¬ 
tion point, failed to fix the exact position of this temperature, 
although they served to locate it between 31*6° and 32*3°. These 
two limits agree quite closely with those arrived at from a study 
of the cooling and heating curves, which had shown arrests below 
and above two corresponding limits at 32‘0° and 32'6°; rather 
closer limits were recorded by Vogt-, who observed equal and oppo¬ 
site slow changes of volume at 32*40° and 32*62°. 

(c) Quantitative Experiments with the Dilatometer .—In order 
to determine the exact position of the transition point, a series of 
quantitative experiments was made on the velocity of the change 
of state as shown by observations with the dilatometer at tempera¬ 
tures above- and below the transition-temperature. 

The preliminary treatment of the nitrate was much the same 
as in the previous experiments, and was carried out as follows. 
The two extreme positions of the meniscus at the transition- 
temperature were first located on the scale of the dilatometer, as 
'follows:. 

FjB —20 cm.; Fy=48 cm. 

Starting with cold, nitrate in the /3-form, the dilatometer was next 
immersed in a bath of water at 34° in order to initiate the change 
from the 3- to the y-form. At this temperature (on account of 
thermal expansion), the two extreme positions of the meniscus 
would be about 22 and 50 cm.; when, therefore, the meniscus had 
risen to about 36 cm. on the scale of the dilatometer, it was clear 
that the two forms were present in roughly equal quantities, whilst 
the thermal conditions of the dilatometer and its contents had not 
been seriously disturbed. 

After this preliminary treatment, the dilatometer was immersed 
in a thermostat set to a definite temperature just above or below 
the transition point. Thermal equilibrium was quickly estab¬ 
lished, and exact measurements could be made of the rate of 
movement of the meniscus consequent on the change of state from 
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B to y, or vice versa; the uniformity of this movement, over con¬ 
siderable periods of time, was such as to justify the view that the 
rates recorded in heavy type in table IV are definite physical con¬ 
stants of the change of state over the range of temperatures from 
31*2° to 33*0°. The readings represent the movement in mm. 
of the meniscus during .successive intervals of ten minutes. The 
mean steady velocities (obtained by averaging the numbers which 
are shown in heavy type in table IV) are recorded in similar units. 



The final column shows the percentage of the salt which would 
undergo change of state in one hour, as deduced from the volume 
changes recorded in the previous columns. The thermometer 
readings are given to tenths of a degree, but are all subject to a 
correction of +0*03°. It is remarkable that at temperatures a 
whole degree above or below the transition point, nearly an hour 
is required to change half of the material from the 0 - to the y-form, 
or vice versa. 

When all these velocities are plotted out in a diagram, as in 
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the figure, a curve is obtained which is almost symmetrical on 
either side. According to the well-known principle which is used 
in determining the £t critical volume ” of liquids and vapours, the 
transition-temperature may he determined accurately by ruling 
a series of horizontal lines across the velocity diagram, reading old 
the temperatures given by the intercepts of these lines with the 
curve, and working out an average value for each pair of tempera¬ 
tures. These averages, as set out in table V below, are as follows: 

32*09°, 32-11°, 32-13°, 32*13°, 32-12°, 32-11°, 32-11°. 

The mean value, 32*11°, is much more accurate than any of the 
values deduced either from arrests in the heating and cooling 
curves of the salt or from merely qualitative observations with 
the dilatometer, and is probably correct to within a few hundredths 
of a degree. For practical use, the second decimal may he 
omitted, and the transition-temperature given to one-tenth of a 
degree as 32-1°. 

(d) Form of Velocity Curve *—-Whilst the use of the dilatometer 
in determining transition-temperatures has been a well-known 
standard method for more than twenty years, and has been applied 
repeatedly when the change of state is too slow to he followed by 
the thermal method (see especially E. Cohen’s experiments on the 
allotropy of metals) ; the complete velocity curve shown in the 
figure does not appear to have been plotted in any of these cases. 
The most striking feature of this curve is its complete symmetry, as 
proved by the constancy of the temperatures shown in the last 
column of table Y, which only vary over a range of ±0‘Q2°. This 
complete symmetry, which could not be predicted, makes it possible 
to locate the transition temperature very accurately, and it is 
doubtful if any other method is capable of giving equally exact 
results; for comparison, it may be noted that the use of the “ recti¬ 
linear diameter” to determine critical volumes depends on the 
existence of a skew-symmetry only in the curve of specific volumes 
for the liquid and saturated vapour. 

In view of the regularity of the curve it is of interest to inquire 
into its mathematical form. The data now recorded can be 
expressed by the equation 

±(t-t Q )~log 1Q (*/v + l), 

where t ~ temperature, 

t 0 ~ transition temperature, 

v- velocity of change (percentage changed per hour). 

* Added 6/12/19. 
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The agreement of this formula with the experimental results is 
shown in the following table: 



±(t-h) 


V. 

obs. 

calc. 

1 

0*33° 

0-30" 

2-5 

0*41 

0-41 

5 

0-50 

0-51 

10 

0-62 

0-62 

20 

0-72 

0-74 

30 

0-79 

0-81 

40 

O’86 

0-86 


(e) Anomalies in the Heating anil Cooling Curves ,—At a very 
early period in the investigation, it was noticed with some surprise 
that very steady arrests of heating and cooling might occur at 
temperatures which were obviously not exact transition points, 
since they were scattered over a considerable range on either side 
of a mean value, which could be regarded provisionally as the 
correct transition-temperature. This was an anomaly for which 
no explanation could be suggested at the time. 

General experience in such matters has shown that when deal¬ 
ing with rapid transitions, such as are observed in iron at 895° 
and 766°, the arrest in the cooling curve becomes blurred when¬ 
ever liberation of latent heat fails to’ compensate for loss of heat 
by cooling; a lowered arrest point is therefore nearly always 
revealed by its sinuous character. In dealing with ammonium 
nitrate, many sinuous arrests have been observed at temperatures 
either below or above the real transition point, but in several cases 
the arrests recorded at these lower or higher temperatures were 
perfectly sharp. „■ 

These observations can all be interpreted in the light of the 
data now given for the velocity of change of state. Thus, in the 
first place, it is obvious that since this: velocity of change is imper¬ 
ceptible from 31*8° to 32-3°, there can be no marked liberation or 
absorption of latent heat and no arrest in the cooling or heating 
between these limits. Outside these limits of temperature, the 
flow of latent heat may arrest the cooling or heating, but the con¬ 
ditions are such that the arrest point cannot be regarded as a 
fixed temperature, but must be considered as a variable tempera¬ 
ture depending directly on the rate of heating or cooling. Thus, 
taking the latent heat of the transition as 5*02 calories per gram, 
and the velocities of change of state as recorded in table TV, the 
temperatures of arrest for the different rates of cooling and heating 
shown in column 2 of table V are given in columns 3 and 4 of that 
table. 
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Correction at each temperature = + 0-03 3 . f 8 minute intervals 
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Table V. 

Velocity of Change of State of Ammonium Nitrate at Different 
Temperatures. 



Rate of cooling. 

Temperature 


Per cent. 

or heating. 

(arrest-points). 


changed 

Calories per 



Average 

per hour. 

gram per hour. 

Cooling. 

Heating, 

temperature. 

I 

0-050 

31-75° 

32-42° 

32-09° 

2-5 

0-120 

31*89 

32-52 

32-11 „ 

5 

0-251 

31-63 

32-63 

32-13 

10 

0-502 

31-51 

32-75 

32-13 

20 

1-00 

31-40 

32-84 

32-12 

30 

1-51 

31-32 

32-90 

32*11 

40 

2-01 

31-25 

32-96 

32-11 


Mean 32- 11 s 


The arrest points shown in the table are the temperatures at 
which the latent heat, liberated by a change of state proceeding 
with known velocity, would exactly balance the heat gained or 
lost by radiation, conduction, etc. Imperfect conduction of heat 
in the mass may displace these temperatures still further from the 
true transition point, and at the same time destroy the sharpness 
of the arrests. The latter phenomenon is observed also in the 
transitions at 84° and at 125°, where sinuous arrests at abnormally 
low temperatures are frequently observed, but the velocity of 
change of state at these two points is so much greater that a pro¬ 
longed or :t horizontal ” arrest has never been observed, except at 
a temperature agreeing very closely with one or other of these 
transition points. 

Summary. 

(1) The freezing point of ammonium nitrate is very sensitive to 
the influence of traces of moisture; by careful purification and 
drying it has been raised to 169*6°“ 

(2) The highest of the transition points has been determined 
from the arrests of temperature on heating and cooling the salt 
when suspended in a liquid of similar density. The temperatures', 
recorded were.* on heating, 125*24°; on cooling, 125*19°; mean 
value, 125*2°. 

(3) The second transition point was determined by the same 
method,' the' observed temperatures'being: on heating, 84*20°:. pit; 
cooling, 84*20°; mean value, 84*2°. 

(4) The lower transition point cannot be determined in this 
way, as the‘change of state is too slow to be detected over the 
range from 31*8° to 32*2°. It was determined diiatometricslly by 
measuring the rate of change, over a range of temperatures; the 

VOL. CXV. 8 G 
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curve of velocities proved to be symmetrical, and the transitio. 11 - 
temperatnre was therefore found by taking the average of pairs of 
temperatures at which the change proceeded with equal velocities 
in opposite directions. In this way, the transition-temperature was 
fixed at 32*1°. 

(5) The form of the velocity curve for the change' of state can b© 
expressed by the simple empirical equation 

•±{t-to) = 7c log 10 (y^ + l). 

*(6) The arrest points due to the change of state at 32-1° never 
coincide with this temperature, the arrest point being determined 
by the rate of loss or gain of heat. A table is given showing the 
temperatures of arrest on cooling or heating at fixed rates 
expressed in calories per gram per hour. # 

Guy’s Hospital, 

Loudon, S.E. 1. [Received, October 13 th, 1919.] 


CXXXII. — The Production of Methyl Ethyl Ketone 
from n -Butyl Alcohol . 

By Albert Theodore King. 

In this conversion, the usual series of steps has been employed of 
dehydration, re-hydration of the resulting alkylene to the 
secondary alcohol, and, finally, dehydrogenation of the latter to 
give the corresponding ketone: 

r*ch 2 -ch 2 *oh -> r-ch 2 :ch.> 

R-CH(OH)-CH 3 —> R*COCH 3 , 
No details appear to have been published hitherto regarding the 
hydration of butylene to the secondary alcohol, and although the 
first and last of the above stages have in this particular case been 
elsewhere described, the comparative results now obtained seem 
worthy of being placed on record also. 

Dehydration of n-Butyl Alcohol. —Each of the three possible 
.'butylenes, V : ' 

ch s *ch 2 -ch:ch 2 ch 3 *ch:ch-ch 3 (ch 3 ) 2 c:ch 2 , 

. . a '- ■■ : y-, ■ 

has been identified by previous observers in the product of dehydr¬ 
ation, the composition of which would appear to depend both on 
the nature of the dehydrator and on the temperature employed. 
Thus Ipatiev (/. Russ. Phys. Chem. Soc., 1903, 35, 577), with 
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alumina as catalyst, at 500° obtained a gas containing 25—30 per 
cent, of cc-butylene, the rest being y-butylene; the latter was 
attributed to the p'resence of isobutyl alcohol in the material 
employed. Senderens (An?i. Ghim. Phys., 1912, [viii], 25, 449), 
using aluminium sulphate at 300°, obtained cc-butylene with 27 per 
cent, of y-butylene. Le Bel and Green obtained on dehydration 
with zinc chloride a product free from y-butylene and containing 
80 per cent, of E-butylene and 10 per cent, of cc-butylene (Bull. 
Soc. chim ., 1881, [ii], 35, 438). 

In the present investigation, in which phosphoric acid on pumice 
was used, only slight differences were observed in the composition 
of the product at temperatures ranging from 280° to 400°. No 
y-butylene was detected, and even at 280° the amount of 
a-butylene present, so far as was indicated by fractionation of the 
bromide, could only be slight. This method of dehydration, there¬ 
fore, yielding reasonably pure E-butylene, gives a much more 
homogeneous product than those previously described. 

Hydration of Butylenes .—The hydration of the three butylenes 
with sulphuric acid should theoretically proceed as formulated 
below: 

ch 3 -ch 2 *ch.:ch 2 v 

^ CHg’OHg* CH(OH)* CH S 

ch 8 «ch:ch-ch 3 * 

(ch 3 ). 2 c:ch 2 -> (ch 3 ) 3 c-oh 

This conversion in the case of y-butylene has been described by 
Butlerov ( Annalen, 1875, 180’, 245), who also records the very slow 
hydration of E-butylene, but without details of the isolation of 
•see.-butyl alcohol. Nor is the formation of the latter from 
a-butylene recorded] and this point is under examination, the 
present investigation dealing only with the behaviour of 
E-butylene. 

The rapid absorption of E-butylene (as also of a- and y-butylene) 
By concentrated sulphuric acid is well known, but by this action 
polymerisation, and not hydration, results. With diluted acid, 
the very slow action on keeping has been confirmed, but liquefied 
E-butylene* under its own pressure, agitated in contact with the 
acid, has been found to undergo absorption with ease. Polymerisa¬ 
tion, which is marked at the higher concentrations, is very slight 
with 78 per cent, acid, and below this strength the reaction 
proceeds normally. 

■y.'T il one' 'case,. an absorption was observed of nearly 20 per cent, 
in excess of the butylene theoretically required to convert the 
acid to butylsulphuric acid, suggesting that the latter is capable of 

3 G 2 
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catalysing the direct hydration of j8-butylene. It is hoped to 
investigate this point further. 

The diluted solution, on distillation, readily gives the secondary 
alcohol in good yield. 

Dehydrogenation of sec -Butyl Alcohol .—-Reduced copper is 
recorded by Sabatier and Senderens as being particularly efficient 
in catalysing the dehydrogenation of secondary alcohols, these 
showing a conversion without complications, but incomplete owing 
to the reverse action also taking place in the presence of copper. 
They observed the formation from sec.-butyl alcohol of methyl 
ethyl ketone and pure hydrogen, without any accessory reaction, 
within the temperature range of 160—300° (Ann. Ghim. Phys ., 
1905, [viii], 4, 433, 465). In the present work, the reverse action 
above referred to was perceptible, but only slight. 


Experimental. 


Preparation of ft-Butylene. 


The n-hutyl alcohol distilled at 116—118°. It was gently boiled 
in a silica distilling flask attached to a 2-2 cm. copper tube 150 cm. 
in length, capable of giving, by electrical heating, temperatures, 
registered at the middle part, from 280° to 400°. This was packed 
with fragments of ignited pumice impregnated with glacial phos¬ 
phoric acid. (This catalyst can be used indefinitely, its activity 
being renewed occasionally by burning a piece of phosphorus at 
the mouth of the tube, with a current of air passing through.) 
The unchanged alcohol and water formed were collected in a 
receiver with water-cooled reflux and with a syphon tube for the 
discharge of the condensate from time to time. The gaseous pro¬ 
duct, after scrubbing with 60 per cent, sulphuric acid to retain 
any y-butylene, was absorbed in cooled bromine until the latter 
was nearly colourless. The product was then shaken with dilute 
alkali, dried with calcium chloride, and systematically fractionated. 
The following are typical results: 


'■Temperature 
Dried product 


Final f ractions :— 
below 155° 




156— 157° 

157— 159 
159—161 
residue 


( 1 ). 

300—320°. 
75 grams. 


( 153—157°. V 
\ 7 grams J 

60 „ 


( 2 ). 

280—300°. 
114 grams. 

3-5 „ 

9*0 „ 
92 „ 

3 


(3). 

400°. 

120 grams. 


2 „ 

8 „ 
98 „ 
5 „ 
4 „ 
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The boiling points of the three dibromides are: a-, 166°; 
cis- form, 15S 0, ; trans-, 161°; y-, 149*6°. Thus a-butylene is 
not present, even at the lowest temperature employed, in notable 
quantity. The low fraction, possibly indicating the presence of 
y-butylene, was not appreciably increased in (2), in which washing 
with 60 per cent, acid was omitted, and these lower fractions were 
not in sufficient quantity to detect by further fractionation the 
presence of y-butylene dibromide. • Moreover, no tert ,-butyl 
alcohol was obtained from the 60 per cent, acid used to wash more 
than 100 grams of gas. On dilution and distillation, it yielded 
only 3 grams of product, which proved to be mainly n-butyl alcohol 
carried over. 

Much of the butylene formed dissolves in the butyl alcohol 
which escapes dehydration and condenses in the receiver. From 
this solution, more than 150 times its volume of butylene is 
expelled on raising to boiling point. 

No side-reaction was observed in the dehydration. The un¬ 
changed alcohol layer, dried and fractionated, yielded, finally, 
1-—2 per cent, distilling below 116°, the rest passing over at 
116—118°, and for continuous working the condensate was shaken 
with salt and the upper layer separated and used again, thus 
conserving the dissolved butylene. 


Action of Sulphuric Acid on Butylene . 

On bubbling the gas through concentrated sulphuric acid, rapid 
absorption took place, the liquid becoming warm and darkening 
in colour. A pale yellow upper layer formed, and when this had 
increased to about 10 e.c. in volume, it was separated, washed, and 
dried with calcium chloride. It had a slight odour of hydrocarbon, 
and, on distilling, boiled without any constancy from 140° to 300°. 
The sulphuric acid layer gave, on pouring into excess of water, a 
turbid liquid, from which a small quantity of oil separated, which 
gradually darkened and became very viscous. These products, 
presumably formed by polymerisation of the ^-butylene, were not 
further investigated. No secondary alcohol was detected in the. 
aquous portion. 

With diluted acid, even up to 78 per cent., no appreciable 
absorption took place when'the'-gas was merely bubbled through.. 
For absorption under pressure, the following procedure was used. 

The gas was liquefied by passing through a worm cooled in 
a mixture of ice and salt, the outlet tube dipping under the acid 
contained in a stout-walled bottle, also cooled in ice and salt. This 
gave good condensation, bubbles of gas escaping only at rare 
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intervals. The bottle was then closed by a rubber stopper, wired 
down, and, after weighing to ascertain approximately the amount 
of butylene condensed, shaken in a mechanical shaker until the 
butylene layer had disappeared. In each case, 50 c.c. of pure acid 
were used with varying dilution, and the time occupied for absorp¬ 
tion was roughly noted, with the following results: 


mcentration. 

Butylene. 


Per cent. 

Grams. 

Time taken. 

100 

17 

_ 

84-0 

21 

5 minutes 

78-0 

23 

20 

76-0 

22 

40 

75*3 

22 

1 hour 

72-3 

19 

1*6 hours 

70-0 

24 

5 

64-8 

10 

8 

Little effect 
after 15 hours. 

50-0 

22 


With pure acid, the absorption was complete in a few seconds. 
On pouring into ice, an oil separated which, after drying with 
calcium chloride, weighed 15 grams. It distilled from 140° to 
above 300° without boiling constantly at any point, like the pro¬ 
duct previously described. No secondary alcohol was present in 
the aqueous portion. 

With 84 per cent, acid, the alcohol was the main product, but 
considerable polymerisation occurred. Moreover, the acid crystal¬ 
lised in the freezing mixture, causing inconvenience through block¬ 
ing of the delivery tube. The freezing-point curve shows the range 
of concentration, having sufficiently low freezing point and also 
giving normal reaction in reasonable time, to be from 74'5 (f. p. 
— 20°) to 78 per cent. (f. p. —20°). The concentration ultimately 
adopted was 75 per cent. With 78 per cent, acid, a trace of oil 
with a terpene-Hke odour was observable on dilution, this becoming 
imperceptible with the lower concentrations. 

The rise of temperature was very marked with the higher con¬ 
centrations. The pressures generated by the liquid butylene were 
approximately determined by a pressure gauge as follows: 


12° 

0*6 atm. 

20 

0-95 „ 

30 

1*4 „ 

40 

1*9 „ 


With 75 per cent, acid, the temperature did not reach 40°, and 
the operation is thus without risk. 

To ascertain the extent of absorption, 76 per cent, acid, contain¬ 
ing 92 grams of pure acid, was shaken with 63 grams of butylene 
(theoretical quantity —51-5} for fifteen hours. The excess of gas 
was allowed to escape, and any in physical solution removed by 
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exhaustion, when 61 grams were found to have been chemically 
absorbed. About 90 per cent, of the theoretical quantity was, 
however, usually employed. 

Hydrolysis of Butylsulphuric Acid. 

Comparative experiments were made, using three portions of 
50 grams from the same batch of butylsulphurie acid. These were 
respectively neutralised with sodium carbonate and treated with 
quantities of 50 and 25 grams of water. The liquids were dis¬ 
tilled, and the distillates caught in graduated tubes and thoroughly 
shaken with salt solution and a slight excess of salt. The volumes 
of upper layer were 23 c.c., 23 c.c., and 22*5 c.c. respectively. 
With neutralisation as employed by Butlerov ( loc. cit.), the alcohol 
distilled over very slowly with a large quantity of water. Dis¬ 
tillation with the lesser quantity of water gave a distillate with 
only a small aqueous layer, the bulk being retained by the acid, 
but with a slightly lower yield, although no ether was detected in 
the product. Dilution with an equal weight of water was therefore 
adopted. 

With this procedure, 51 grams of butylene yielded a distillate 
which, after salting out and drying with potassium carbonate, 
weighed 60 grams, that is, 89 per cent, of the theoretical on the 
crude material. From 150 grams of dried, undistilled product, 
after careful fractionation, were obtained as final fractions: 

below 97*5° 3 grams 

97-5—99-5° 131 „ 

99*5—100° 8 „ 

residue 5 „ 

The fraction 97*5—99*5° was employed for conversion to ketone. 

Dehydrogenation of sec.-Butyl Alcohol. 

The procedure followed was substantially that of Sabatier and 
Senderens (Joe. cit.). A copper tube 172 cm. long and 1*2 cm. in 
diameter was packed with copper oxide from wire kept in place 
with plugs of rolled copper gauze, and enclosed in a 2*5 cm. copper 
tube 135 cm. long wired for electrical heating. After reduction 
of the wire with ethyl alcohol vapour, and expulsion of the latter, 
sec, -butyl alcohol was distilled through from a siHca flask at such 
a rate that the distillate passed through at the rate of about hue; 
drop a second. : .This, was caught in a receiver cooled in ice-water. 
The hydrogen was evolved just too fast to allow the bubbles 
through a wash-bottle to be counted. The temperature remained 
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fairly constant throughout, the fluctuation on either side of 290° 
being never more than 5°. 

In the first preparation, from 100 grams of alcohol, 104 of 
distillate were obtained. This contained water, formed from some 
unreduced copper oxide, and, on fractionating, 94 grams distilled 
at 73—75°, the mixture separating a small, lower-layer of water. 
After drying with potassium carbonate, the bulk distilled at 
73—81°. 

Two hundred and fifty grams of alcohol gave an almost 
theoretical yield of dried, undistilled product, which gave the 
following 'fractions: 


76—79° 

5 grams 

79—81 

199 „ 

81—82 

9 „ 

82—86 

6 „ 

residue 

12 „ 


Thus the conversion is upwards of 90 per cent. 

The fraction boiling at 79—81° decolorised permanganate, but 
after stirring with about half a gram of powdered potassium per¬ 
manganate for a short time, the colour persisted. On distilling 
off and drying thoroughly with potassium carbonate (the boiling 
point is very easily affected by traces of water), the ketone distilled 
almost completely within the range 80—80'6°. 

The yield on the small, scale from the crude butylene is about 
70 per cent, of the theoretical, and with continuous working and 
recoveries this figure at least should be reached in the complete 
synthesis from w-butyl alcohol. 

Imperial College of Science and Technology, 

South Kensington. [Received t Novcmba' l&th, 1919.} 


QXXXIIL —Conversion of the Simple Sugars into their 
Mnolic and Ethylene Oxide Forms. 

By Edward Frankland Armstrong and Thomas Percy \ 

; Hilditch. 

ISTo group of compounds is more remarkable than that of the 
hexoses, on account of their extreme mutability. Glucose, for 
example, may be obtained in an a- and a /-^crystalline form, and 
if either of these is dissolved in highly purified water the solution 
is all but stable. Yet if a trace of alkali is added, an equilibrated 
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mixture of tlie two isodynamic forms is practically instantaneously 
produced. The change has been specially studied by Lowry /(T., 
1903, 83, 1314; 1904, 85, 1551), and its character has been dis¬ 
cussed also by one .of the authors (T., 1903, 83, 1305). 

The more gradual change, also under the influence of alkali, 
from one hexose into another, within sections including as many 
as four members of the group (for example, glucose ^ mannose 
77: fructose tt: glntose), was brought to light through the pains¬ 
taking labours of the late Lobry de Bruyn ( Bee . trav. chini., 1895, 
14, 156, 204). In this case, the transition has been assumed to 
involve the formation of an enolic form as an intermediate term. 
In the case of the hexoses the aldehydic form (aldehydrol) is 
commonly supposed to have but an ephemeral existence, and it is 
held that a- and jS-glucose are butylene oxide or pentaphane deriv¬ 
atives corresponding with the two methyl glucosides. The latter, 
it is well known, are simultaneously produced by the action of a 
strong acid on glucose dissolved in methyl alcohol; a residue, long 
unexplained, has recently been shown to contain a third isomeric- 
methyl glucoside, regarded by Fischer and by Irvine as the 
derivatives of an ethylene oxide form of the hexose. 

Irvine and his school (T., 1915, 107, 524; 1916, 109, 1305, etc.) 
have shown that the new methyl glucoside is characterised by its 
capacity to condense with acetone, to reduce potassium perman¬ 
ganate solutions, and to undergo auto-condensation, and that the 
activity of the parent glucose from which it is derived far exceeds 
that of a~ or /3-glucose. 

The observations we have to place on record relate to the changes 
effected in the simple sugars by acids and by alkalis, as measured 
both by means of the polarimeter and by means of increased 
liability to oxidation. 

A solution of either a- or /3-glucose in water (both well purified) 
is practically unaffected by permanganate. In acid solution, 
reduction of the permanganate sets in at once and at a definite 
rate under definite conditions; thus, under the standard conditions 
detailed in the experimental part, 10 c.c. of 1 per cent, of a- or 
£-glucose in A/10-hydrochloric acid solution decolorise 2 cm of 
F / 100-permanganate solution at 25° in twenty-eight to thirty 
minutes. That the change is instantaneous is proved by the fact 
that the reducing power acquired is independent of the time during 
which the acid has acted, solutions containing acid which have 
been kept various times all having the same reducing power. The 
strength of the acid, however, is a factor in the change, the effect 
being less the weaker the acid .'and likewise the less concentrated 

'-‘vl L : -Lk 
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We consider that the active agent.is the ethylene oxide modifi¬ 
cation of glucose, 

O.BE 2 (OH)- OH (OH) * CH(OH) • CH(OH) • 0 H * OH* OH* 

O 

The amount of the ethylene oxide form present is regulated by 
an equilibrium depending on the strength of the acid, but that it 
is small is shown by the fact that the optical rotatory power of 
glucose in an acid is the same as in an aqueous solution. The 
ethylene oxide form is reproduced as oxidation hy the perman¬ 
ganate proceeds, as shown by the fact that fresh additions of 
permanganate solution are decolorised. 

Mannose and fructose are affected by acids in a similar way, but 
the altered mannose solution acts far more rapidly than that of 
glucose; .fructose is only slightly less active than mannose. Por 
example, under precisely comparable conditions, whereas the reduc¬ 
tion of permanganate by glucose occurs in twenty-eight to thirty 
minutes, that by mannose takes only from twelve to thirteen, and 
that by fructose sixteen to seventeen minutes. 


CH*OH 

CH-OH 

ch 2 

ch 2 

CHj-OHt 

l> 

HXx 

<1 

X5H 

0<) 

\C-OH 

noi> 

y 6-on 

<1 

O-CH 

HO-CH 

HO-CH 

HO-CH OH 

. nr 

BC-QH 

HC-OH 

HC-OH 

HC-OH 

HC-OH 

HC-OH 

HC-OH 

HC-OH 

HC-OH 

HO-OH 


GH 2 »OH CH 2 -OH CH 2 *OH CH 2 -OH CByGEL 
Glucose. Mannose. v -*---' 


Fructose. 


In view of the close relation of the ethylene oxide forms of these 
sugars, it seems not improbable that one of the isodynamic forms 
is the more oxidisable, and that this is the form present in 
mannose. : 

The reduction of permanganate (as well as of methylene-blue 
and of indigo-blue) is also promoted by the addition of alkali. In 

■* At first sight the alterations involved in the conversion of butylene oxide 
into ethylene oxide or enolie forms of glucose appear somewhat far reaching 
■when viewed only in the light of the conventional structural formulae. If, 
however, structural models are prepared of the sugars on the lines of the 
Pope-Barlow hypothesis of close packing a more rational interpretation of 
the changes is realised. 

t This form of fructose is present in sucrose according to Haworth and Law 
(T-, 1916, 109, 1314), 
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this case, however, the change of the hexose is more gradual, as, 
within limits, the solution is the more active the longer the alkali 
has acted. The interactions in the three cases take place at corre¬ 
sponding rates, showing that in each case the same change is being 
studied. Under the experimental conditions observed, the reduc¬ 
tion phenomena correspond only with the changes in structure 
which take place in the course of the first few hours, and it is 
unlikely that any far-reaching disturbance has occurred in the 
carbon chain beyond the atoms 1 and 2. 

As shown by the polarimeter, the equilibrium between the a- 
and j8-butylene oxide forms of the sugar is established instant¬ 
aneously in alkaline solution, and subsequently the optical activity 
falls slowly, but it is still of considerable magnitude at the end of 
six hours. After this, it continues to fall, some fifteen to twenty 
days being required before the solution loses its activity. To 
judge from the slowness with which alkali acts as compared with 
acid, taking into account the instantaneous equilibrium of the a- 
and jS-forms in the presence of alkali, it is clear that the latter 
are not concerned in the change. It therefore seems probable, so 
far as the effect produced by acids is concerned, especially in view 
of the distinctly basic character of ethylene oxide, that the 
ethylenic oxide form of the hexose, not an enol, is the active agent. 
Assuming the enol to he concerned, acids equally with alkalis 
should convert one hexose into another in the Lobry de Bruyn 
change, hut this is known not to he the case. 

It is noteworthy, however, that ethylene oxide itself has no 
reducing power on either methylene-blue or indigo-blue in alkaline 
solution, although it readily affects permanganate. It is by no 
means clear, in fact, that the action of alkali is comparable with 
that of acid, and it may well be that reduction is effected by the 
enol. Whereas possibly in acid solution a salt of the basic 
ethylene oxide hexose is formed, in alkaline solution the scission of 
all ring systems and the production of a metallic salt of the open- 
chain enol appears more probable. 

Whilst glucose decolorised the standard amount of permanganate 
initially in eleven minutes (in the presence of one equivalent of 
sodium hydroxide), fructose takes three and mannose twenty-five 
minutes; the figures after the solutions have remained for five 
hours are, respectively, glucose 3, fructose 1*25, and mannose 
'9 minutes. 

-As the formulae show, all three substances can give the same 
enolic form. On the supposition that “ enol 5J rather than 
“ ethylene oxideis initially formed in the presence of alkali, the 
configuration represented by fructose is most,' and- that represented : 

UM 
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by mannose least, prone to undergo enolisation. This is in marked 
contrast to the behaviour of the same three sugars towards acid. 


CHO CHO 

HC-OH HO-CH 
HO-CH HO-CH 
HC-OH HC-OH 

HO-OH HC-OH 

6h 2 -oh ch 2 -oh 

Glucose. Mannose. 


CH-OH 

ch 2 -oh 

ch 2 -qh 

C-OH 

CO 

C-OH 

HO-OH 

HO-CH 

C-OH 

HC-OH 

HC-OH 

HC-OH 

HO-OH 

HC-OH 

HC-OH 

ch 9 -oh 

CH„*OH 

OH 2 -OH 

Common enolic Fructose. 

Fructose 


form. alternative 

enol. 


The change in presence of alkali is qualitatively proportionate 
to the strength of the alkali. It is of special interest in this con¬ 
nexion that pyridine has a similar effect to the other alkalis. In 
this case, as pyridine is such a weak alkali, the sugars were dis¬ 
solved in the base itself. Decolorisation of glucose took place 
initially in about fifty to sixty minutes, increasing to thirty 
minutes in about five hours, whereas with fructose the times were 
thirty minutes initially and eight minutes after six hours. 

This observation is quite in harmony with the important part 
which pyridine and quinoline have played in sugar chemistry as 
the media in which epimeric changes are effected, causing the re¬ 
arrangement of the groups attached to the asymmetric carbon atom 
at the end of the chain. Both in the interconversion of epimeric 
hexonic acids (E. Fischer, Ber., 1890, 23, 2625) and of epimeric 
glucosides (E. Fischer and von Mechel, Ber,, 1916, 49, 2813; 1917, 
50, 711), formation of intermediate modifications must be involved. 

The alterations in structure which we have followed by the 
changes in reducing power are clearly in no way related to those 
known as mutarotation. Whereas the former take place instant¬ 
aneously in the presence of acid, and more slowly in the presence 
of alkali, mutarotation is brought about immediately in the 
presence of alkali and more slowly in the presence of acid. 

. Experimental. ' 

Seducing tests were made by withdrawing 10 c.c. of the sugar 
solution (generally 1 per cent., or 1/18 gram-molecule of hexose 
per litre, except when polarimetric comparisons were also made, in 
jhich ease 5 per cent, solutions were used) into a stoppered test- 
tube and adding 2 c.c. of the standard permanganate or dye solu¬ 
tion; A/ 100-potassium permanganate was invariably used, whilst 
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the dye solutions consisted respectively of a 0-025 per cent, solu¬ 
tion of metliylene-blue and a solution of neutral indigo sulphonates 
which contained 0-045 per cent, of indigotin. In those cases in 
which it was desired simultaneously to neutralise the acid or alkali 
present, special solutions of Nj 100-permanganate were employed 
containing respectively the amount of sodium hydroxide or of 
sulphuric acid per 2 c.c. necessary to neutralise the acid or alkali 
present in the 10 c.c. of sugar solution exactly. 

The behaviour of permanganate with the sugar solutions varies 
considerably according to the conditions studied; thus, acid fructose 
or mannose solutions pass simply from pink to clear white, and 
perfectly definite end-points are obtainable in these cases. In 
other cases, generally those of slowly reducing acid media or of 
rapidly reducing neutral or alkaline solutions, the pink tint gives 
place, with varying rapidity, to a very pale yellow, and ultimately 
to the colourless, condition. A definite colour standard, just short 
of colourless, was adopted here, and sharp end-points could he 
obtained without difficulty. With slowly reducing neutral or 
weakly alkaline solutions, however, a precipitate of manganese 
dioxide of variable degree of fineness is apt to appear, and it is 
difficult to determine the precise point at which actual precipita¬ 
tion sets in; cases of this kind are denoted in the tables which 
follow by the addition of “indefinite” or “with pptn.” 

It is obvious that in the latter case the amount of reduction will 
not be so great as when the formation of the colourless manganous 
salt solution has occurred. In point of fact, whilst the 10 c.c. of 
sugar solution employed has contained 0T gram (1 per cent, solu¬ 
tion) or 0*5 gram (5 per cent, solution) of hexose, the 2 c.c. of 
K j 100-permanganate, assuming the action 

C f5 H 12 0 6 + 20 = C 4 H 5 (0H) 4 *C0 2 H + H-C0 2 H 

to occur, are capable of oxidising 0*0009 gram of hexose if the 
reduction proceeds to the manganous state, or 0*00054 gram if the 
action is arrested at the stage of manganese dioxide. 

In the extreme cases, therefore, we have measured the time of 
oxidation of 0*9 per cent, of the sugar present in the solution, 
whilst, on the other hand, we have dealt with the time of oxidation 
of as small a proportion as 0*11 per cent, or less of the sugar 
present. 

The stock solutions of sugars, and also the portions undergoing 
tests, were maintained at 25° throughout. 
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i \ r eu tral Solutions . 

The dye reagents are unaffected by any of the sugars tested in 
neutral solution. Under the .conditions described, permanganate 
is decolorised by fructose in four or five hours, whilst with either 
form of glucose the solution becomes orange in about six hours, 
and fades to a full yellow tint after twenty-four hours. The 
behaviour of mannose is very similar to that of glucose. These 
results are obtained equally with fresh solutions and those which 
have remained for a day at 25°. 

It may be of interest to state that if the test is conducted in 
N /10-sodium chloride solution instead of in water, precipitation 
of manganese dioxide sets in at a much shorter time; the figures 
obtained for fructose, o-glucose, and mannose were respectively 
93, 90, and 115 minutes. 

\ 

Acid Solutions . 

(i) Aqueous Solutions .—The oxidation times are constant at any 
age of the solution in the case of acids. This is illustrated by the 
figures for fructose, a- and j(3-glucose, and mannose given in table I. 

The dependence of the time factor on the hydrion concentration 
is shown by the results in table II, wherein only the mean figures 
are quoted; it may be emphasised that the agreement of the 
individual readings at varying ages of the sugar solutions is in all 
cases as good as those given in extenso in table I. 

Two series of times are given for each sugar, the first being for 
the simple acid solution; the second gives the values obtained when 
the test-solutions were neutralised simultaneously with the addition 
of permanganate. 

In the case of the higher concentrations of hydrogen ions investi¬ 
gated, neutralisation of the acid present, effected at the same time 
as the addition of permanganate, does not appreciably alter the 
oxidation times. 

At the lower concentrations of hydrogen ions, and notably with 
the weaker acids, such as phosphoric and acetic, the oxidation times 
for the “neutralised” solutions are quicker than for the acid solu¬ 
tions, and progressively so as the strength of the acid decreases. 

The identity of the oxidation times for “neutralised” and for 
acid solutions with the stronger acid solutions is quite definite, and 
we consider that they indicate the persistence of the active form 
of the sugar after neutralisation of the acid has taken place; the 
meaning of the results with neutralised solutions of weaker acids 
is by no means clear, although they are explicable to a certain 
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extent when it is borne in mind that the sodium salts of the weaker 
acids will be appreciably hydrolysed, so that we have really passed 
over in this instance to a feebly alkaline solution of the sugar. 

The age of the solution is given in hours, the first reading 
(0*1 hour) having been taken immediately solution was complete; 
in most instances, this reading was commenced about three to five 
minutes after the addition of acid. The times of oxidation are in 
minutes, unless an explicit statement to the contrary is added. 

Table I. 

One 'per cent. Sugars in Nf 10-HC1 and 2V/10-H 2 SO 4 . 


Fructose. a-Glucose. 0-Glucose. Mannose. 


Age. Acid, 

Neutd. Acid. 

Neutd. Acid. 

Neutd. 

. Acid. Neutd. 

Acid. 

0*1 17 

15 29 

27 30 

30 

13 12 

HC1 

1*0 16 

17 28 

29 32 

30 

12 13 


2*0 17 

18 31 

28 32 

27 

12 12 


5*0 16 

18 29 

— 34 

29 

12 17 


0*1 31 

24 52 

41 — 

_ 

25 21 

h,so 4 

1*0 30 

26 51 

43 — 

— 

23 20 

2*0 28 

22 51 

42 — 

_ 

22 20 


5*0 30 

26 53 

48 — 

Table II. 


24 21 


One per cent. Solutions of Fructose and a- 
Varying Strength. 

Hydrion 

concen- 

Glucose in Acids of 


tration. 

Fructose. 

a-Glucose. 


Equivs. 

r--*- 

——, 

/•—— 

—-—, 

Acid. 

per litre. 

Acid. 

Neutd. 

Acid. 

Neutd. 

N/10-HCI . 

0-0910 

16 

17 

29 

28 

N/10-H 2 SO 4 .. 

0-0660 

30 

24 

52 

43 

N/50-HC1 . 

0-0188 

69 

62* 

118 

97* 

N/50-H 2 SO 4 .. 

0-0160 

76 

75* 

124 

75* 

Nf 10-H 3 PG 4 .. 

0-0130 

211 

84* 

238 

150* 

Nf 10-C 2 H 4 O a .. 

0-0012 

280 

20* 

1,070 

65* 


* With precipitation. 

The hydrion concentrations are taken from data in Landolt and Bornstein’s 
Physikalische-Chemische Tabellen.” 


(ii) Alcoholic Solutions.— Some observations were made in 
methyl- and ethyl-alcoholic hydrogen chloride solutions *in view of 
the considerable amount of synthetic work which has been carried 
out in these media. Concentrations of NJ 20-acid were employed 
in order to approximate to the 0‘ 25 per cent, hydrogen chloride 
solutions which have most frequently been used by 33. Fischer, 
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Irvine, and other workers with these reagents. Very similar results 
were obtained to those found in aqueous solutions. 

The methyl alcohol was distilled over lime and then over a little 
fructose, whilst the. ethyl alcohol was twice distilled over lime and 
potassium permanganate. Ten c.c. of the neutral solvents caused 
precipitation in the permanganate test in six hours in the case of 
methyl, and in sixteen hours with ethyl, alcohol. N / 20-Methyl- 
aleoholic hydrogen chloride, however, decolorised the permanganate 
in ninety-eight minutes, the time with if/ 20-ethyl-alcoholic 
hydrogen chloride being fifty-six minutes. 


Table III. 


One per cent. Solutions of Fructose and a-Glucose in Alcoholic 



N f 20-Hydrogen Chloride. 


Solvent. 


Age. Fructose. 

a-Glucose. 

N /20-Methyl-aleohoIic 

hydrogen 



chloride .. 

0-1 7 

11 



2-0 — 

16 



3*0 17 

—. 



24-0 25 

120 

N /20-Ethyl-alcoholic 

hydrogen 



chloride ... 

(M 6 

9 



2*0 7 

20 



3*0 8 

24*0 0 

10 

23 


Alkaline Solutions . 

In alkaline solutions, it is also possible to utilise the reduction 
of the dyes indigo and methylene-blue; the former gives two fairly 
definite colour stages, passing from blue through green to a clear 
red, and then changing to pure yellow. The times occupied from 
the commencement of the test in reaching the standard red and 
yellow tints are given in the tables under the columns headed 
respectively <f B” and ‘‘T.” 

Methylene-blue fades to a colourless solution. In both cases, the 
dyes are restored by contact with air, and it.was found desirable 
to fill the upper part of the test-tubes with an .inert gas, hydrogen 
..being employed. 

It was found that the stock alkaline sugar solutions, whether 
maintained under air or under hydrogen, behaved the same towards 
the'three oxidising agents. 

The result of neutralising the alkaline sugar solution, when the 
latter has been freshly prepared, i§ to cause a very marked retard- 
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ation in reducing power, but after the alkaline solution has 
remained for some hours, the reducing power after neutralisation 
becomes greater, approaching that of the alkaline solution itself in 
about twenty-four hours. 

This shows that initially the change induced by alkali is reversed 
on neutralisation, but the progressive alteration in behaviour is 
somewhat obscure, although it may well be due to the appearance 
of small amounts of decomposition products resulting from more 
profound disturbance of the sugar molecule. 

It is evident, however, that the behaviour of neutralised alkaline 
solutions is quite distinct from that of neutralised acid solutions, 
so that it may he considered that the cause of the reducing activity 
of the sugar is not the same in each case. i 

The subjoined tables give the full series of readings up to five 
hours for fructose, cl- and /3-glucose, and mannose in the presence 
of one and of two equivalents of sodium hydroxide (table IV). 
In table V are recorded the initial and final values (five hours) for 
fructose and a-glucose with varying concentrations of sodium hydr¬ 
oxide, and in table VI we quote similar data for these sugars in 
the presence of one equivalent of a number of aqueous alkalis. 

Correlation of the Reducing Action of the Sugars with Alterations 
in Optical Rotatory Power. 

In order to obtain a convenient polarimetric reading in the 
2-dcm. tubes employed, the behaviour of 5 per cent, solutions of 
fructose and of a-glucose was examined in neutral, acid, and 
alkaline media. The concentrations of the acid, (2V/IG-H01) and 
of the alkali (V/18-NaOH), and the conditions of the reducing 
time-tests, were otherwise maintained unaltered. The alteration 
in concentration of the sugars involved the determination of the 
corresponding times of reaction with permanganate and the dyes, 
and the results of these and of the observations of optical rotatory 
power are collected in table VII, 



Table IY. 

One per cent . Sugar Solutions with One and Two Equivalents of Aqueous Sodium Hydroxide . 
(a) Tests with Potassium Permanganate. 

Fructose. a-GlucoBe. $ -Glucose. Mannose. 
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1*0 1*50 2*75 1*25 6-5 11*5 7*0 8 15 12 19+ 

3*0 1*25 2*50 1*00 6*0 11*5 5*0 7 14 9 16f 

5*0 1*25 2*50 1*00 5*0 11*0 4*0 5 II 5 17+ 

24*0 3*25 4*75 2*00 5*0 9*0 5*5 4 7 4 17+ 

# Precipitation set in. + Indefinite end-point. 
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Precipitation set in. f Indefinite end-point. 
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Table VII. ( continued). 

(b) Solutions in N /-Hydrochloric Acid. 

Fructose. Glucose. 0-Glucose. 
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! I 


oo i> 


I I 



24-0 8 10 80-8 20 14 49-8 



(c) Solutions in N/ 18-Sodium Hydroxide. 
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One per cent. Solutions of Fructose and Glucose in Pyridine. 

la view of the interest attaching to the action of pyridine on 
the sugars, a few experiments.were made with solutions of the two 
sugars in pure pyridine at 25°. 

The pyridine was twice distilled over lime before use and boiled 
at 116—116'5°. Ten c.c. of the distilled pyridine caused no alter¬ 
ation in the blue tint of indigo or of methylene-blue (2 c.c. of the 
standard dye solutions) in twenty-four hours, but with 2 c.c. of 
N /100-permanganate a precipitate appeared in three hours. 

The 1 per cent, fructose and glucose solutions in pyridine were 
also without action on the dyes, but results analogous to those of 
the weaker alkalis were obtained with permanganate. These are 
given in table VIII, in which the age of the solutions is in hours 
and the decolorisation times in minutes, as usual. 


Table VIII. 


One per cent. Solutions of Fructose and of a-Glucose in Pyridine. 


Age. 
0*1 
1*0 
2*0 
3*5 
r 4*2 
5-0 
8*0 


Fructose. 

30 not quite colourless 
23 


12 

8 



a-Glucose. 

56 with very fine precipitation. 
40 „ „ „ 

35 „ „ „ „ 

30 „ „ „ 


Comparative Experiments with Simple Aldehydes and Derivatives 
of Ethylene Oxide. 

Some experiments were made on the reducing action of aqueous 
solutions of acetaldehyde, «-butaldehyde, acetone, and epichloro- 
liydrin and ethylene oxide. In neutral 1/18th gram-molecular 
solution all these substances, with the exception of acetone, caused 
the pink colour of the permanganate in our standard test to dis¬ 
appear within about two hours, but the resulting clear orange solu¬ 
tion underwent no further change in colour for many hours. In 
the case of acetone, the pink tint did not entirely vanish for several 
hours. ' 

The results of the permanganate tests in N /10-hydrochloric acid 
solution are given in the next table; in the case of ethylene oxide, 
the exact concentrations were not accurately known, but tests were 
made with, two strengths, approximately gram-molecular per litre 
and l/18th gram-molecular per litre. 
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Table IX. 

Solutions of Aldehydes and of Ethylene Oxides in 
NjlO-Hydrochloric Acid. 

Coneii. Permanganate tests, 

per —- A -s 


Substance. 

litre. 

Age. 

Acid. 

Neutralised. 

Acetaldehyde .. 

. M/18 

0*1 

hrs. Pale yellow 

9 minutes, with pptn. 



1*0 

6| hrs. „ „ 

7 



30 

2 hrs. „ „ 

10 

n-Butaldehyde .. 

. M/18 

0*1 

3| hrs. Pale yellow 

13 minutes, with pptn. 



1*0 

2i hrs. ,, „ 

10 



3*5 

2£ hrs. „ 

10 



24*0 

2| hrs. „ „ 

10 

Epichlorohydrin 

M/18 

0*1 

140 minutes. 

82 minutes. 



1*5 

120 

53 „ 



4*3 

90 

35 



24*0 

120 

32 

Ethylene oxide .. 

. M/18 

0*1 

103 minutes. 

80 minutes. 

1*0 

132 

89 



3*0 

130 

80 



23*0 

110 

20 


M 

0*1 

8 minutes. 

10 minutes. 



1*0 

12 

13 



2*0 

17 », 

14 „ 



5*0 

16 

14 „ 



23-0 

15 

14 


Table X illustrates the data obtained in N /18-aqxieous sodium 
hydroxide; with both aldehydes, acetone, and epichlorohydrin and 
ethylene oxide, indigo passed rapidly through green to a pale yellow 
colour, and the original blue tint could not be restored by shaking 
the yellow solution with air. It appears, therefore, that some 
action was proceeding in these cases beyond simple reduction to 
indigo-white, and the colour test is not valid in this instance. 


Table X. 

Solutions of Aldehydes and of Ethylene Oxides in 1$f 18-Sodmni 
Hydroxide. 

Canon. Permanganate'. . 

per Methylene- /—“———*--— 

Substance. litre. Age. blue. Alkaline. Neutralised. 

Acetaldehyde ...... M/18 O-l 60f 11* 11* 

1-0 32+ 6* 50 

3*5 21f 16* 30 

5*0 23f 16* 18 

23-0 35f 6* 1 

* Precipitation set in. • t Indefinite end-point. 
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Table X. (continued). 

Solutions of Aldehydes and of Ethylene Oxides in 1ST/ 18-Sodium 
Hydroxide. 



Concn. 



Permanganate. 


per 


Methylene- 



Substance. 

litre. 

Age. 

blue. 

Alkaline. 

Neutralised. 

w-Butaldehyde. 

... .M/18 

0-1 

39f 

8* 

8* 

1-0 

20 

5* 

8* 



3*5 

14 

7 * 

7* 



5-0 

12 

8* 

8 



23-0 

13 

19* 

2 

Acetone. 

... M/18 

o*n 

1 




1-3! 


Pale green, 

In 16 hours. 



3-3 

>- Permanent. 

then 

precipitation, 



5-31 


turbid 

but still 



23-0j 


yellow. 

pink. 

Epichlorohydrin ... 

.... M/18 

0-1 

Permanent. 

113* 

207 


1-5 

It 

100* 

140 



4-3 


95* 

116 



24*0 

„ 

80* 

110 

Ethylene oxide ... 

... M/18 

0*1 

Permanent. 

245f 

352 

1-0 


236f 

350 



3*0 


220f 

340 



23*0 


174f 

320 


M 

0*1 

Permanent. 

76f 

87 



1*0 

»*' 

77f 

84 



2*0 

M 

71 

88 



5*0 

)S 

55 

77 



23*0 

>, 

19* 

53 

* Precipitation set in. 

f Indefinite end-point. 


The most interesting points in this series of experiments are: 

(i) The alkaline solutions of the aldehydes reduce methylene- 
blue similarly to the sugars, and there is some similarity in their 
behaviour to alkaline permanganate. 

(ii) The ethylene oxide derivatives show no similarity to the 
sugars in alkaline solution, either with respect to permanganate or 
to methylene-blue. 

(iii) On the other hand, the acid solutions of the ethylene oxide 
compounds display great likeness to those of acid sugar solutions, 
both in the “ acid ” and “ neutralised ” permanganate tests. 

Warrington. [Received, November 1 Zth, 1911).] 







THE CONSTITUTION OP THE NITROPRUSSIDES. 1429 


CXXXIV .—The Constitution of the Nitroprussides. 
Part I. Conductivity and Cryoscopic Measurements . 

By George Joseph Burrows and Eustace Ebenezer Turner. 

From time to time, the nitroprussides have been made the subject 
of considerable speculation, but little attempt has been made to 
verify experimentally the various constitutions assigned to them. 

Hofmann, who is responsible for most of the experimental work 
in this field ( Annalen , 1900, 312, 1), assigned to sodium nitro- 
prusside the co-ordination formula [Fe(CN) 5 NO]Na 2 . Friend (T., 
1916, 100, 721), apparently without further experimental work, 
proposed for potassium nitroprusside the formula (I). 


/f\ /f\ 

KCNI ^-ON ON I CNK 

I Fe | l-NFe | 

KCN | NO-NO | CNK 

'''ON/ "^cn/ 


x n:c<! 

K \ 


'0:N 




'N:o 

c:nk 


(i.) (ii.) 

This formula corresponds with the empirical one given in works 
of reference (for example, Moissan, “ Traite de chimie minerale/’ 
1905, 417), which formula, however, seems never to have had any 
evidence in its favour. 

Friend at the same time rejected the formula (II) suggested by 
Browning (T., 1900, 77, 1238) for potassium nitroprusside, in view 
of his theory as to the constitution of the ferrocyanides, which 
theory has since been shown to be unnecessary (Bennett, T., 1917, 
111, 490). 

It was suggested By one of us (T,, 1916, 109, 1130) that a deter¬ 
mination of the molecular weights of some nitroprussides would 
throw light on the problem, and, as a result, a number of nitro¬ 
prussides have been prepared and investigated cryoscopically and 
their conductivities measured. From the results so obtained, the 
number of ions present in a solution of a nitroprusside has been 
calculated, and conclusions have been drawn as to the molecular 
weights of the salts in question. In these experiments, the degree 
of dissociation of the salt at any particular dilution was found in 
the usual way by dividing the molecular conductivity at that dilu¬ 
tion by its value at infinite dilution. From cryoscopic measure¬ 
ments, the molecular depression of the freezing point of water was 
found': for various concentrations of ''the salt, and by dividing..'this' 
number by 18’7 (the molecular constant for water), the value for 
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i (tlie vaix’t Hoff coefficient) was obtained. The number of ions, 
h, into which each molecule of the salt dissociates was then obtained 
by substituting the experimental values of a and i in the equation 

«=1 + (& — 1 )«. 

A similar method was used by Petersen ( Zeitsch. physikal. 
Ghem., 1902, 89, 249) in connexion with the cobaltammines. This 
author was of the opinion that the conclusions drawn by Werner 
(Zeitsch. physikal. Ghem., 1893, 12, 35, etc.) from measurements 
of the molecular conductivity at a dilution of 1000 litres (not 
necessarily at infinite dilution) were in most cases inaccurate. 

The figures given hy Jones ( Carnegie Institute of Washington , 
Publication No. 170) for the molecular conductivities of a large 
number of salts show that most salts are completely dissociated at 
dilutions of about 1000 litres. In some cases, however, the mole¬ 
cular conductivity again increases beyond that dilution, owing to 
causes other than dissociation. Prom the figures given by Petersen 
('loc. cit.) for the conductivity of the cobaltammines, it would 
appear that similar difficulties arose in his work. 

In the present investigation, the substances considered are salts 
of a strong acid. (This has been found to be the case from a pre¬ 
liminary examination of the molecular conductivity of nitroprussic 
acid itself.) The conductivities of the salts were determined for 
solutions diluted to 2048 litres, and the values were plotted against 
the concentrations. The value for infinite dilution was found hy 
extrapolation from the curve so obtained. In all cases, the value 
of js* Qo differs only slightly from the value actually found for 
1 * 1024 , a result which was expected from the nature of the salts in 
question. 

In the following tables are given the values of k calculated on 
the assumption that the nitroprussides are represented by the 
simple formula M 2 ' r [Fe(CN) 5 NO], which will be referred to in 
future as type I. In addition, the value of k x has been calcu¬ 
lated in each case for a molecule, M./[Fe 2 (GN) 10 (NO) 2 ] (type II). 

In the case of a univalent cation, a molecule of type I will 
dissociate into three ions, type II giving five ions. The value of 
/u should therefore approximate to 3 if formula I is correct, whilst 
if II is correct, & L =5. In the same way, a salt of a bivalent cation 
should give the values ^ = 2 nr ^j=:3. 

It is considered that the results obtained show conclusively that 
all the nitroprussides examined conform to the simple formula 
(type I). They are salts of H 2 [Fe(CN) 5 NO], and not of 
H 4 [Pe 2 (CN) 10 (NO),].' 

The possible effect due to hydration of the ions has not been over¬ 
looked (compare Jones, Carnegie Institute of Washington, Publi- 
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cation No. 180), and it is considered that the conclusions drawn 
from the figures obtained in the present work cannot he regarded 
as vitiated on this ground. Whereas hydrate formation may 
account for the differences between the experimental and absolute 
values of k, the extremely large differences in the case of 7^ cannot 
be accounted for in this way. 

It is hoped in a future communication to describe the alkyl 
nitroprussides, some of which have been prepared, although in an 
impure state only. 


EXPER I MENTAL. 

The conductivity measurements were all made at 25'0°. The 
degree of dissociation of salts at 0° differs only slightly from that 
at 25°, and the latter temperature allows of greater accuracy in 
determining the conductivity. In the following tables, v is the 
number of litres containing one gram-molecule of the salt (calcu¬ 
lated for the simple formula I), p is the molecular conductivity, 
a is the degree of dissociation and is equal to p V Jp^, A t is the 
observed depression of the freezing point of water, MA t is the 
molecular depression and is equal to v x A t x 10, i is the van’i Hoff 
coefficient and is equal to MA t f 18*7, and k is the number of ions 
into which a molecule dissociates, and is obtained from the equation 
?‘ = 1 -f (k — l)a; kj is the corresponding value of k calculated for 
a molecule of type II by doubling i and then substituting in the 
equation $=1 + (7^ — l)a. 

The values of a in the cryoscopic tables are taken from the 
curves obtained from conductivity data. 


Sodium Nitroprusside, Na 2 [Fe(CN) 5 NQ],2H 2 0. 
The salt used was a pure specimen. 


Conductivity Measurements. 


V. ' 


a. 

4 

155-2 

0*63 

8 

169-4 

0*69 

16 

181*8 

0*74 

32 

194*3 

0*79 

64 

204*9 ' 

0*84 

128 

214*2 

0-87 

256 

222*0 

0*91 

512 

229*2 

0*94 

1024 

236*2 

0*96 

2048 

244*6 

— 

CO 

245*0 

— 
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Cryoscopic Measurements. 


- v 

A t . 

MA t . 

i. 


Jc. 

&!• 

47*1 

0-115 

54*1 

2*90 

0*81 

3*35 

6*9 

24-4 

0*218 

53*2 

2*84 

0*77 

3*40 

7*1 

14*55 

0*345 

50*2 

2*68 

0*73 

3*30 

7*0 

10-81 

0*456 

49*3 

2*64 

0*71 

3*30 

7*0 

S-76 

0*560 

49*1 

2*62 

0*70 

3*31 

7*0 

7*12 

0*678 

48*3 

2*58 

0*68 

3*32 

7*1 


Type I requires k—3. 

Type II requires k t = 

5. 



Potassium Nitroprusside, K 2 [Fe(CN) 5 ISrO]. 

This salt was prepared by decomposing the "barium salt with the 
calculated weight of pure potassium sulphate, filtering off the 
barium sulphate, and evaporating the filtrate at a low temperature 
under diminished pressure. The residue so obtained was crystal¬ 
lised from aqueous alcohol containing about 95 per cent, of alcohol. 
It crystallises in pale pink crystals without water of crystallisation : 
0*4010 gave 0*1076 Fe 2 0 3 . Fe = 18*8. 

C 5 ON 6 FeK 2 requires Fe = 19*0 per cent. 


Conductivity Measurements. 



V. 


M* 


a. 



8 


199*2 


0*745 



16 


205*2 


0*795 



32 


216*7 


0*836 



64 


227*2 


0*881 



128 


236*6 


0*917 



256 


244*0 


0*946 



512 


249*3 


0*966 



1024 


257*0 


0*996 



2048 


258*1 

258*0 


11 




Cryoscopic 

Measurements. 



V. 

. 'A,. 

MA t . 

i. 

= Qo. 

b 

k v 

34-4 

0*150 

51-6 

2*76 

0*85 

3*07 

6*32 

24*1 

0*213 

51*3 

2*74 

0*82 

3*12 

6*46 

14-66 

0*316 

46*3 

2*48 

0*79 

2*87 

6*01 

11*85 

0*405 

47*2 

2-52 

0*77 

3*00 

6*25 

7*02 

0*641 

45*0 

2-41 

0*74 

2*9i 

6*16 

4*78 

0*909 

43*4 

2*32 

0*71 

2*86 

6*11 


Type I requires h— 3. Type II requires fc x = 5. 


Barium Nitroprusside, Ba[Ee(CN) 5 NQ],3H 2 0. 

This salt was prepared by precipitating a solution of the sodium 
salt with mne sulphate and boiling the zinc salt so obtained with 
'a : ;suspension: of precipitated' barium carbonate.' The filtered solu¬ 
tion of the barium salt was evaporated under diminished pressure 
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at a low temperature, and the salt crystallised from aqueous 
alcohol: 

0*8344 gave 0*4734 BaSG 4 . Ba=33*4. 

C 5 01Sr 6 BaFe,3H 2 0 requires Ba —33*7 per cent. 

The anhydrous salt was found to be extremely hygroscopic^ 

.. 

Conductivity Measurements. 



V. 


ti. 


a. 



S 


152-9 


0-63 



16 


165-9 


0-68 



32 


177-1 


0-73 



64 


190-7 


0-79 



128 


203-0 


0-84 



256 


216-2 


0-89 



512 


223-6 


0-92 



1024 


236-9 


0-98 



2048 


240-5 


— 



00 


243-0 


— 




Cryoscopic Measurements. 



V. 

A*. 

Ma ( . 

i. 

a— toifPco • 

k. 


37*7 

0-093 

35-1 

1-88 

0-74 

2-19 

4-73 

16*5 

0-180 

29-7 

1-59 

0-68 

1-87 

4-21 

9-87 

0-285 

28-1 

1-50 

0-64 

1-78 

4-13 

6*67 

0-413 

27*6 

1-47 

0-61 

1-77 

4*18 

4*73 

0-575 

27-2 

1-45 

0-59 

1-76 

4-22 


Type I requires k~2. Type II requires k 1 =3. 


This salt is of especial interest, owing to the rough equality in 
weights of the anion and cation. 


Ammonium Nitroprusside , (NH 4 ) 2 [Fe(CN) 5 N0]. 

This salt was obtained by decomposing the barium salt with an 
equivalent weight of ammonium sulphate, filtering, evaporating 
Under diminished pressure, and crystallising from aqueous alcohol, 
when reddish plates, very readily soluble in water, were obtained: 
0*2390 gave 0*0768 Fe 2 Q 3 . Fe —22*5. 

C 5 QN 6 Fe(NH 4 ) 2 requires Fe—22*'2 per cent. 


Conductivity Measurements. 


u. 


M* 

a. 

16 


206-7 

0-77 

32 


218-0 

0*82 

64 


228-5 

0-85 

128 


236-7 

0-89 

256 


245*6 

0*92 

512 

’ll' 

251-2 

0-94 

1024 

261-3 

0*98 

2048 


266-2 

— 

oo 


268-0 
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Gryoscopic Measurements. 


V. 

A,. 

Ma ( . ' 

i. 

a—fivffioo. 

k. 


26*3 

0*214 

56-4 

3-01 

0-80 

3-51 

7*27 

10-73 

0-450 

48-3 

2-58 

0-74 

3-14 

6-02 

6-68 

0-704 

47-0 

2-51 

0-69 

3*19 

6-83 


Type I requires k= 3. Type II requires Zq —5. 


I 

Me thylammonium Nitroprusside, ( MeN H 3 ) 2 [F e (C N) 5 N Q ]. 

This salt and the nitroprussides of di- and tri-nxethylamine were 
obtained by treating a solution of the free acid (obtained from 
the barium salt and the calculated sulphuric acid) with a slight 
excess of an alcoholic solution of the amine. The solution so 
obtained was evaporated under diminished pressure, and the solid 
residue crystallised from alcohol. The alkylammonium nitro¬ 
prussides crystallise in reddish plates, which are very readily soluble 
in water. In appearance they resemble the barium or ammonium 
salts: ' 

O’llXT gave 0-Q306 Fe 2 O s . Fe=19*2. 

C 5 ONgFe(MeNH 3 ) 2 requires Fe~20*0 per cent. 


Conductivity Measurements. 



V. 


jll. 


a. 



32 


185*2 


0*77 



64 


197*7 


0-82 



128 


208*0 


0*87 



256 


218*5 


0-91 



512 


225*8 


0*94 



1024 


233*4 


0*97 



00 


240*0 


— 




Gryoscopic Measurements. 




At. 

Ma ( . 

£. 

n—P-v/psa * 

k. 

k v 

36-6 

0*148 

54*2 

2*90 

0*78 

3-45 

7*2 

19*05 

0-262 

49*9 

2*67 

0*71 

3*35 

7*1 

14*15 

0*339 

48*0 

2*57 

0*68 

3*31 

7*1 

10-13 

0*466 

47*2 

2*52 

0*62 

3*45 

7*5 

8-35 

0*541 

45*2 

2*42 

0*59 

3-41- 

7*5 


Type I requires Jc 

=3. Type II requires ^=5. 



Dimethylammonium Nitroprusside, (Me 2 NH 2 ). 2 [Fe(CN) c NO]. 

0*1028 gave 0*0272 Fe 2 0 3 . Fe=18*5.^ 

€ 5 ON 6 Fe(Me 2 NH 2 ) 2 requires Fe-18T per cent. 
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Go ncluc tivity Measurements. 



V. 


M- 


a. 



16 


156-5 


0-68 



32 


172-1 


0-75 



64 


185-2 


0*81 



128 


196-3 


0-85 



256 


205-8 


0-90 



512 


212-5 


0-92 



1024 


220-2 


0-96 



2048 


227-3 


_ 





230-0 


— 




Cryoscopic 

Measurem ents. 



V. 

A*. 

M& t . 

i. - 

a 

11 

8 

k. 

k t . 

35-2 

0-149 

52-4 

2-80 

0-76 

3-37 

7-05 

16-4 

0-2,94 

48-1 

2-57 

0-68 

3-31 

7-09 

8-84 

0-500 

44-2 

2-36 

0-61 

3-23 

7-10 

5-92 

0-714 

42-3 

2-26 

0*57 

3-21 

7-20 


Type I requires 1c — 3. Type II requires k x — 5. 


Trimethylammonium Nitroprusside, (Me 3 NH) 2 [Fe(CN) 5 NO], 
0-2234 gave G'0512 Fe 2 0 3 . Fe = 16'0. 

C 5 ON 6 Fe(Me s NH) 2 requires Fe = 16*7 per cent. 


Gond'iiciivity Measurements. 



V. 

jU. 

a. 



16 

137-1 

0-65 



32 

154-0 

0*73 



64 

167-3 

0-80 



128 

183-0 

0-86 



256 

191-7 

0-90 



512 

201-1 

0-95 



1024 

208-0 

0*98 



2048 

210-5 

- — 



Q0 

212-0 

—. 




Cryoscopic Measurements. 



V. 

A t . 

Ma ( . i. a~fA.txi. 

■ k. 

kjm 

39-0 

0-134 

52-2 2*79 0*75 

3-39 

7-11 

14-47 

0-290 

42-0 2*24 0-63 

2*97 

6*52 

6*56 

0*588 

38*6 2-06 0-50 

3-12 

7*24 


Type I requires fc—3. Type II requires k t — 5, 
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CXXXV .—The Propagation of Flame in Complex 
Gaseous Mixtures. Part 1. Limit Mixtures and the 
Uniform Movement of Flame in such Mixtures. 


By William Payman. 


In order tliat flame may propagate through a mixture of an in¬ 
flammable gas with air or oxygen, the heat developed by a given 
“ layeron burning must be sufficient to raise the contiguous layer 
of unburnt gas to its ignition temperature. In a “ limit mix¬ 
ture ” there is just sufficient, and only just sufficient, heat developed 
to accomplish this. If limit mixtures of two or more inflammable 
gases be mixed together, this heat balance should remain un¬ 
altered provided that all of the limit mixtures are of the same 
kind, that is to say, all lower-limit or all upper-limit mixtures. 
It follows that all mixtures, in any proportions, of limit mixtures 
should remain limit mixtures, the limiting percentage being that 
of the mixed inflammable gas. Conversely, any limit mixture of 
a complex inflammable gas .will consist of a number of limit 
mixtures of the individual gases it contains. 

Assuming this reasoning to be correct, imagine a limit mixture 
with air of a complex inflammable gas. Let A, B, 0 , ... be 

the simple constituents of this inflammable gas, and their limits of 
inflammability, NN B , N C] . . . respectively. Suppose also that 
the complex limit mixture contains a per omt. of. A, b per cent, 
of B, c per cent, of C, .. . Then this limit mixture will contain 


aA + bB + cC+ . . . + [100-(a + &+ c + . , 'flair. 

This limit mixture, ex hypothesi, comprises a series of limit mix¬ 
tures of the simple inflammable gases. In such a simple 

wTflnnfl/’ f ° r exam P le > ever y ^ of A are associated 

* /innTv PaItS ° f ^ S ° that OTery “ parts of A are associated ’ 


with 


\— W A —' J u parts of air< Similarly, for B, C, 
The complex limit mixture will therefore contain 



Since these terras 
equal 100, so that 



are expressed as percentages, they will together 


/lOO- WA 

' + \—+ b+ 




= 100. 
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Tins expression, on simplification, becomes 


a 

Wj 



c 

N c 


+ ... =\. 


This is the formula of Le Chatelier, which has been shown to 
apply accurately for both the upper and lower limits of inflamma¬ 
bility of a number of complex gaseous mixtures with air (Coward, 
Carpenter, and P&yman, this vol., p. 27). 

This “formula/’ but not the generalisation from which it has 
been deduced, applies only to mixtures of inflammable gases with 
an atmosphere of constant composition, such as air. For the 
numerical quantities involved in the formula relate to the com¬ 
bustible gases only, and admit of no allowance being made for 
variations in the proportions of. inert gas present. The general¬ 
isation, however, should hold good for all limit mixtures; for 
mixtures in which the proportion of inert gas is greater or less 
than in air, or even in which its proportion is not constant,* 

The effect of an inert gas (nitrogen) on the limits of inflamma¬ 
bility of methane has been investigated by Burgess and Wheeler 
(T., 1914, 105, 2596), who determined the limits for this gas in 
several artificial atmospheres of oxygen and nitrogen containing 
less oxygen than air. During the course of the present inquiry 
into the mode of combustion of mixed gases, it became necessary 
to extend their work to include atmospheres containing more 
oxygen than air, and pure oxygen. 

The method of experiment used by Burgess and Wheeler, which 
involved the central ignition of the mixtures in a large globe, was 
not employed in the present research. This investigation is mainly 
concerned with the uniform movement of flame, and the deter¬ 
minations of the limits were made in the same apparatus as was 
used for measuring the speed of propagation of flame. This con¬ 
sisted of a horizontal glass tube 2*5 cm. in diameter, open at one 
end and closed at the other, the mixtures being ignited close to 
the open end of the tube by means of an electric spark. The 
criterion of inflammability was, therefore, the horizontal propaga¬ 
tion of flame throughout the length of the tube. 

The determinations were carried out by" the method of trial and 
error, using mixtures which differed in composition by about 
0*10 per cent, of methane. Throughout this paper, the term 
“limit mixture/' whether upper or lower, implies that mixture in 
which flame was just able to propagate. 

The results of the determinations are given in table I. The 
limits were always sharply defined. On sparking a mixture con- 

s * This will be described in future as the “limits generalisation.” 

3 H 2 
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taining a little less than the lower-limit percentage of inflammable 
gas, there usually arose a ball of flame which travelled, some 5 or 
6 cm. along the tube. A mixture containing slightly more in¬ 
flammable gas than the higher-limit percentage usually produced 
a flame which travelled the short distance from the spark to the 
open end of the tube, owing to the dilution of the mixture there 
by diffusion of the outside air. In the limit mixtures, flame 
travelled steadily and at an approximately uniform speed through¬ 
out the length of the tube. 

In no instance did the flame of the burning limit mixture fill 
the whole cross-section of the tube, but it was usually similar to 
the trailing flames described by Burgess and Wheeler (T., 1914, 
105, 2593). This was most marked with the upper-limit mixtures 
and with the lower-limit mixture of methane in pure oxygen. 
These flames were about 10 mm. in diameter and about 15 mm, 
long, and had a short tail, resembling a £< Prince Rupert’s drop” 
in shape. 

In three instances the deposition of carbon was noticed during 
the passage of flame through a limit mixture, namely, in the upper- 
limit mixtures of methane with atmospheres containing 50, 66, 
and 100 per cent, of oxygen.* The flames resembled that of a 
tallow candle, and the odour of the residual gases was similar to 
that caused by the smouldering wick of such a candle. In general, 
the upper-limit flames were olive-green in colour. The colour of 
the lower-limit flames was pale blue. 

Table I. 

The Limit* of Inflammability of Methane in Mixtures of 
Oxygen and Nitrogen . 


Percentage composition of limit mixtures. 


Percentage 
of oxygen in 
atmosphere. 


Lower limit. 



Upper limit. 


ch 4 . 

o 3 . 

n 2 . 

c5T 

o 2 . 

n 2 . 

13-7 

6*4 

12*8 

80*8 

6*9 

12*7 

80*4 

17-0 

6*1 

16*0 

77*9 

8*9 

15*5 

75*6 

21-0 (air) 

5*8 

19*8 

74*4 

13*3 

18*2 

68*5 

33*0 

5*8 

31-4 

62-8 

25*1 

25*0 

49*9 

50-0 

5*8 

47*1 

47*1 

38*8 

30*6 

30*6 

66*0 

5*8 

62*8 

31-4 

47*5 

35-0 

17*5 

100*0 

5*7 

94*2 


59*2 

40*8 

— 


* According to Bone {Phil. Trans., 1915, 215, 275), when methane and 
oxygen mixtures are exploded under pressure, “ there is a total cessation of 
any separation of carbon (which is Very marked with mixtures 2CH 4 -f- 0 2 ) 
after the proportion of oxygen in the original mixture exceeds the limit 
";S0:H 4 . -f 20 a .”y. No.carbon• was deposited■ when a mixture containing 59-3 per';. 
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The results are plotted in the diagram, the ordinates represent¬ 
ing percentages of methane and the abscissae percentages of oxygen 
in the limit mixtures. 

If the “limits of generalisation'’ given earlier in this paper 
applies to these mixtures, the values for each of the two sets of 
limits should lie on a straight line. It will be seen that this holds 
accurately over a large range of mixtures, namely, over those con¬ 
taining more than about 17 per cent, of oxygen.* Mixtures con¬ 
taining less than this amount of oxygen require rather more 
methane than the theoretical quantities to attain both the upper 
and lower limits. 



10 20 30 40 50 60 70 80 90 100 

Oxygen in limit mixture, per cent 


The dotted lines in the diagram represent the values obtained 
by Burgess and Wheeler (lac. cit.). The shapes of both curves are 

cent, of metliane and 40-7 per cent, of oxygen was exploded under a pressure 
of 12*7 atmospheres. 

In the present series of experiments, at atmospheric pressure, a mixture 
of approximately the same composition as that used by Bone (59-2 per cent, 
of methane and 40-8 per cent, of oxygen) deposited carbon, as did also 
mixtures containing less oxygen in proportion to the methane present, 
namely, those intermediate in composition between 3CH 4 I-2Q 2 and CHj-f- Qa- 
It would therefore appear that the limiting composition at which the deposi¬ 
tion of carbon ceases is not fixed, but varies with the initial pressure of the 
mixture. .. 

* According to Burgess and Wheeler ( loo . cit.), no mixture of methane, 
oxygen, and nitrogen is capable of propagating flame when there is less than 
about 13 per cent, of oxygen present. 




1440 


DAYMAN : THE PROPAGATION - OF FLAME IN 


similar, the difference in magnitude being due to the difference in 
experimental conditions. 

Little change was observed in the lower limit until the mixtures 
contained a large excess of nitrogen; whilst the value with pure 
oxygen was only slightly lower than that with air. The latter 
observation is not in agreement with the results recorded by Parker 
(T., 1914, 105, 1002), who found the lower limit of inflammability 
of methane to be slightly higher with oxygen than with air (6*0 
per cent, and 5*8 per cent, respectively). The apparatus used by 
Parker was similar to that previously used by Burgess and 
Wheeler, namely, a 2-litre globe in which the mixtures were ignited 
at the centre. 

This lack of agreement is undoubtedly due to the difference in 
the position of the point of ignition in the two sets of experiments. 
It has frequently been noted that the limits of inflammability vary 
with the position of the point of ignition according as the flame 
Has to pass upwards or downwards through the gas mixture. The 
fact that a flame will pass more readily upwards than downwards 
is well illustrated when a lower-limit mixture of methane in air, 
for example, is ignited by a spark at the centre of a globe. As 
soon as the spark passes, a flame shoots to the top of the vessel, 
bends over, and then moves slowly downwards to the bottom. 

In order to investigate this point further, a series of experiments 
was carried out to determine quantitatively the effect of varying 
the point of ignition on the limits of inflammability of methane 
in air and in oxygen. A glass tube 2*5 cm. in diameter was used, 
closed at one end and fitted with firing points at the other (open) 
end. 

Table II. 

Limits of Inflammability of Methane with Different Positions 
of the Point of Ignition, 

Percentage of methane in 
lower-li mi t mixture. 


Mode of propagation. 

Air. 

Oxygen. 

Upward. 

5-5 

5-4 

Horizontal.... 

5-9 

5-8 

Downward ... 

6-1 

6*3 

Central ignition (Parker)... 

5*8 

6-0 


Both for upward and horizontal propagation the lower limit of 
inflammability of methane is less in oxygen than in air. Bor 
downward propagation, however, the order is reversed. The 
differences observed are not very great, although too large to be 
accounted for by experimental error. Of the factors which deter¬ 
mine the value of the limiting percentage of inflammable gas, the 
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transference of heat by convection and the absorption of heat by 
the mixture may be mutually opposed. During the downward 
propagation of flame, convection does not materially affect the 
transference of heat to unburnt layers of the mixture; the influence 
of the slightly higher specific heat of oxygen as compared with 
that of nitrogen therefore becomes apparent. With horizontal 
and upward propagation of flame, however, the influence of con¬ 
vection currents masks the effect of the higher specific heat of 
oxygen. 

The change of order of the results, dependent on the direction 
of travel of the flame, is more marked when the results for methane 
in air are compared with those for hydrogen. Such a comparison 
is made in table III. 

Table III. 

Lower Limits of Inflammability in Air of Methane and of 
Hydrogen. 


Mode of propagation. 

Upward. 

Horizontal...... 

Downward .. 

Central ignition ......... 


Percentage of inflam¬ 
mable gas 


Methane. 

5- 5 
5*9 

6 - 1 
5-8 


Hydrogen. 

4-2 

6-2 

9-7 

9-2 


Attempts have been made to calculate the limits of inflamma¬ 
bility of a gas from, its thermal constants. It will be clear from 
a consideration of the results recorded in table III that any such 
calculation is doomed to failure unless allowance, can be made for 
the influence of convection currents. 

Since the lower limit of inflammability of methane (downward 
propagation of flame) is less with air than with oxygen, it might 
be expected to be less still with an atmosphere containing less 
oxygen than air. This, however, is not so. The lower limit of 
inflammability of methane in an atmosphere containing 17 per 
cent, of oxygen was found to be 6-3 per cent, for downward pro¬ 
pagation of flame. This limit is thus affected in the same sense 
as both limits for horizontal propagation * in mixtures containing 
only a small percentage of oxygen; that is to say, more methane is 
required to form the limit mixture than would be expected from 
results with mixtures richer in oxygen. 

This displacement of the range of inflammability corresponds 
with the displacement of the range for maximum speed of uniform 
movement of flame in mixtures of methane and air. It has been 
generally assumed that the latter displacement is due to the higher 
thermal conductivity of methane as compared with that of air. A 
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similar displacement is found, however, when the inflammable gas 
lias a thermal conductivity less than that of air, as will be shown 
in a subsequent communication. The displacement under con¬ 
sideration in the present paper, and other similar displacements, 
have one feature in common, namely, that the mixtures contain 
a large proportion of inert gas (nitrogen), together with only a 
slight excess of one or other of the reacting gases above the quantity 
required for complete combustion. 

A possible explanation of the results is that the mode 'of com¬ 
bustion in such mixtures differs from that in mixtures containing 
a large excess of either of the reacting gases. Such an explanation 
is supported by the analyses of the “flame gases” recorded by 
Burgess and Wheeler in the paper to which reference has already 
been made. The samples of- gas were rapidly snatched from the 
flames in such a manner as to cool the primary products of com¬ 
bustion before secondary reactions could come into play. It will 
be seen on examining the table of analyses (p. 2604) that all mix¬ 
tures containing less than 15 per cent, of oxygen appear to be 
influenced by the deficiency of reacting gas (whether methane or 
oxygen), and it is in these mixtures that the generalisation regard¬ 
ing limiting percentages no longer holds. With the upper-limit 
mixtures of low oxygen content, the primary products of combus¬ 
tion contain smaller quantities of hydrogen than of carbon mon¬ 
oxide, whereas with the higher-limit mixtures containing a greater 
proportion of oxygen, the quantities of hydrogen and carbon mon¬ 
oxide produced are equal. 

Similarly with the lower-limit mixtures of low oxygen content, 
the primary products of combustion contain more carbon monoxide 
than hydrogen, whilst with lower-limit mixtures containing more 
than 15 per cent, of oxygen these gases are absent altogether from 
the products of combustion. Further consideration of these results 
is reserved for a future communication, as is also the consideration 
of the displacement of the range for maximum speed of uniform 
movement of flame in mixtures of air with inflammable gases. 

The Uniform Movement of Flame in Limit Mixtures. 

The speed of horizontal propagation of flame in the limit mix¬ 
tures in a tube 2*5 cm. in diameter was determined by the method 
described bv Wheeler (T., 1914, 105, 2606). The results are 
given in table IV. 
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Table IY. 


Speed of Propagation of Flame in Limit Mixtures of Methane, 
Oxygen, and Nitrogen in a Tube 2’5 cm . in Diameter. 


Percentage of 
oxygen in atmos¬ 
phere. 

13-7 

17-0 

21*0 (air) 
33*0 
50*0 
66*0 
100*0 


Speed in cm. per see. 


Lower limit. 
21*9 
22*4 
23*3 
23*0 
22*8 
21*3 
19*9 


Upper limit. 
19*1 
19*0 
19*1 
18*9 
18*9 
19*4 
18*9 


The upper-limit speeds are identical within the range of experi¬ 
mental error. The speeds in the lower-limit mixtures are through¬ 
out slightly higher than the corresponding upper-limit speeds, 
although with pure oxygen the difference is very small. A notice¬ 
able feature of these flames, common to them all, was their small 
size in comparison with the diameter of the tube. This was more 
marked with the flames in the upper-limit than in the lower-limit 
mixtures, a fact which no doubt accounts for the slower speed of 
the former flames. For the smaller the flame, the greater is its 
surface in proportion to its volume, and the greater in proportion 
is the transference of heat from the flame to the walls of the tube. 
If this explanation be correct, it follows that the speeds of flames 
in limit mixtures should increase with increased diameter of the 
tube in which they travel. This was found to be so by Mason 
and Wheeler (T., 1917, 111, 1052). 

With tubes of very small diameter, on the other hand, the speed 
of flame at the limits is comparatively high (Payman and Wheeler, 
T., 1918, 113, 656), but for another reason. With such tubes, the 
cooling effect of the walls is so great as to have a marked effect on 
the value of the limits, the range of inflammability of the mixtures 
rapidly narrowing as the diameter of the tube is diminished. 
Moreover, convection currents have no appreciable influence in 
tubes of such small diameter. 

It seemed probable that the speed of flame in a limit mixture, 
determined under standard conditions, should approach a constant 
value irrespective of the nature of the inflammable gas. To test 
this, the speeds of flame have been determined in limit mixtures 
of air with several of the paraffin hydrocarbons. The results are 
given in table Y, which is of value also in recording the limits of 
inflammability (horizontal propagation of flame). 

The limits differ slightly from those found (central ignition in 

3 H* 



1444 


PAYMAN : THE PROPAGATION OP PLAME IN 


a large globe) by Burgess aud Wheeler, whose results are inserted 
in the table in brackets. 

In the upper-limit mixtures the flames vibrated rapidly about 
half-way along the tube, and were sometimes extinguished there. 
The difference between a limit mixture and one which could only 
propagate flame for a short distance, if at all, was, however, well 
marked. 

Table V. 

Limits of Inflammability and Limiting Speeds of Flame in 
Mixtures of Air with the Paraffin Hydrocarbons in a Tube 
2'5 cm. in Diameter. 

Lower limit. tipper limit. 

Per cent, of Speed, cm. Per cent, of Speed, cm. 


Hydrocarbon. combustible, per sec. combustible, per sec. 

Methane, CH 4 . 5-8 (5-6) 23-3 13-3 (14-8) 19-1 

Ethane, C„H S . 3-3 (3-4) 18-1 10-6 (10-7) 19-7 

Propane, C a H s . 2-4 (2-3) 20-8 7-3 ( 7-3) 20-3 

Butane, C 4 H J4 . 1-9 (1-6) 20-1 6-5 ( 5-7) 20*3 

Pentane, C,H„. 1*6 (1*4) 20-2 5-4 ( 4-5) 20*2 

(CH 4 + C 5 H 12 *“) . 2-6 (2-5)t 22-3 7-7 ( 7-7)f 20-7 


* Equimoleeular mixture of methane and pentane, 
f Calculated from values for methane and pentane. 

The “ limit speed ” is thus found to approach a constant value, 
as foreshadowed by Burgess and Wheeler (T., 1914, 105, 2596), 
not only with each of the paraffin hydrocarbons singly, but also 
with the mixture of methane and pentane. There is no reason to 
doubt but that the limit speed of flame would have the same value 
for any mixture of the paraffins. 

The speeds of flame in limit mixtures with air of carbon mon¬ 
oxide and hydrogen have also been determined. With carbon 
monoxide, the speed at both limits (in a tube 2’5 cm. in diameter) 
is 19*4 cm. per second, which agrees well with the speeds for the 
paraffins. With hydrogen, the speed at the lower limit is remark¬ 
ably slow, namely, 10 cm. per second. The flame is exceedingly 
small, consisting of a tiny ball of flame, which, however, travels 
the full length of the tube. For reasons given in a previous com¬ 
munication (this vol., p. 41), it was not found possible to determine 
accurately the speed of flame in the upper-limit mixture of 
hydrogen and air. 

The equimoleeular mixture of methane and pentane corresponds 
with propane in percentage composition and calorific value, and 
yields the, same products on complete combustion. The marked 
difference between the limits of inflammability of the mixed gases 
and those of propane shows that these are not the only factors on 
which the limits of inflammability depend. Similarly, a mixture 
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of three volumes of pentane and two volumes of hydrogen corre¬ 
sponds with propane, “but this mixture of gases has limits 2“5 
(lower) and 8*6 (upper) as compared with propane, 2*4 and 7-3. 

These differences are perhaps due to the ability of the con¬ 
stituents of the mixed inflammable gases to burn independently. 
This subject will be dealt with more fully in succeeding papers of 
this series. 

Experimental. 

The speeds of propagation of flame in limit mixtures were deter¬ 
mined in glass tubes by the method described by Wheeler (T., 
1914, 105, 2610). Two tubes were employed, both 2*5 cm. in 
diameter; one, 3 metres long, used for the majority of the experi¬ 
ments; the other, used for the mixtures with atmospheres rich in 
oxygen, was only 1*5 metres long, so as to avoid the setting up of 
the detonation wave, with consequent shattering of the tube. 

The platinum firing points were about 2 cm. from the open ends 
of the tubes. At measured distances along each tube were fused 
ground-glass tubulures, which carried glass plugs with stout 
platinum wires fused through them. Fine et screen wires ” of copper 
were stretched across these platinum supports inside the tube, and 
electrical connexion was established with an automatic commutator 
and chronograph by means of platinum terminals on the outside 
of the plugs. 

In order to fill the tubes with the mixture required for experi¬ 
ment, they were exhausted of air by means of an oil-pump, half 
filled with the mixture, and re-exhausted before being finally filled. 
A sample of the gas was then taken for analysis. 

The limits of inflammability for upward and downward propaga¬ 
tion of flame were determined in a similar tube 1*5 metres long, 
but without side-pieces. 

The gases were prepared in the usual manner, the paraffin hydro¬ 
carbons being purified by repeated liquefaction and subsequent 
fractional distillation until, on explosion of a sample with excess 
of air and oxygen, the theoretical value for the ratio CjA was 
obtained. 

The methane used in the limit determinations in pure oxygen 
contained 99*8 per cent, of CH 4 , and the ratio G/A was found to 
be 2*00. The oxygen was prepared by gently heating recrystal¬ 
lised potassium permanganate, and contained 99*6 per cent, of 0 2 . 

The gases were stored over water rendered alkaline.by potassium 
hydroxide, and the mixtures were therefore saturated with water 
vapour. 

Eskmeals, 

Cumberland . • . [Received, September 4th, 1919.] 

______ 3 H* 2 
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CXXXVI .—The Propagation of Flame in Complex 
Gaseous Mixtures. Part II. The Uniform 
Movement of Flame in Mixtures of Air ■ with the 
Paraffin Hydrocarbons. 

By William Payman. 

In the preceding paper it was shown that all mixtures of limit 
mixtures are themselves limit mixtures. With each of the paraffin 
hydrocarbons, the speed of the uniform movement of flame at the 
limits tends to a constant value under standard conditions of 
experiment. The same speed was found with all limit mixtures of 
methane, oxygen and nitrogen, and with an equimolecular mixture 
of methane and pentane at its limits with air. There is no reason 
to doubt that the same speed would he obtained with all mixtures 
of the paraffin hydrocarbons at the limits. 

The generalisation advanced in the previous paper was thus 
shown to apply to all such mixtures. The question immediately 
arises whether what is true of the speeds of flames at the limits 
holds also for other speeds. Whether, for example, given two or 
more mixtures of air with different individual gases, in each of 
which the speed of flame was the same, all combinations of the 
mixtures would propagate flame at the same speed. Should this 
be so, a simple method would he available for the calculation of the 
speed of propagation of flame in complex gaseous mixtures from the 
known values for the simple constituent gases. Such a calculation 
could naturally only apply over the whole range of mixtures when 
the maximum speed of flame in mixtures of the several individual 
gases with air was the same; otherwise calculation would be 
restricted to such mixtures as possessed a speed of flame not greater 
than the lowest of the individual maximum speeds. It is clear, 
also, that the mixtures taken for the purpose of calculation must 
be all of the same nature ; that is to say, must all contain excess of 
combustible gas, or must all contain excess of oxygen. 

The mixtures of the paraffin hydrocarbons with air seemed most 
suitable to determine whether the generalisation that applies to 
speeds of flames at the limits is capable of extension to the speeds 
of the uniform movement over the whole range of inflammable 
.■.'mixtures. : 

Measurements were therefore ma,de of the speed of the uniform 
movement in mixtures of air with each one of the hydrocarbons of 
the paraffin series up to and including pentane. The determin¬ 
ations were carried out as described in the previous paper, in a 
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horizontal glass tube 2*5 cm. in diameter and 3 metres long. The 
results are recorded in table I. The majority of the values in 
column 1 for methane were obtained by Mason and Wheeler (T., 
1917, 111, 1052). 

The results are shown diagrammatieally in Fig. 1. With the 
exception of methane, the maximum speeds are approximately the 
same, namely, about 82 cm. per second. The value for methane is 
rather lower than this, being 67 cm. per second. Owing to the 
few data available for the thermal constants of the paraffin hydro¬ 
carbons, it is not easy to explain this difference. In each instance, 
the mixture having the maximum speed of flame contains more 
combustible gas than is required for complete combustion. 


s-g 100 

Is o 

80 
60 
40 
20 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Combustible gas, ’per cent . 




For testing the application of the generalisation * to speeds other 
than the limiting speeds, the gases methane and pentane were first 
chosen, since they were both readily obtainable in ample quantity. 
Two air mixtures were prepared, one containing 7-35 per cent, of 
methane and the other 1*98 per cent, of pentane. In these two 
mixtures the speed of the uniform movement is the same, about 
40 cm. per second (twice the speed at the limits), and they both 
contain excess of oxygen. The mixtures were then combined in 
varying proportions, and the speeds of the uniform movement deter¬ 
mined in the usual manner. The results are recorded in table II. 

* This may be termed the “ speed generalisation.” 





Speed of Uniform Movement of Flame in Mixtures of Air with the Paraffin Hydrocarbons in 
Horizontal Glass Tube 2-5 cm. in Diameter. 
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Table II. 

Speeds of Uniform Movement of Flame in a Glass Tube 2*5 cm. 
in Diameter with Mixtures containing 7*35 per cent, of 
Methane and T98 per cent. of Pentane , respectively, Mixed 
Together. 


Methane mixture. Pentane mixture. Speed, 

Per cent. Per cent. cm. per sec. 

100-0 — 39-3 

75-0 25-0 39-2 

50-0 50-0 39-6 

25-0 75-0 39-9 

21-2 78-8 39-2* 

— 100-0 40-1 


* Methane and pentane in equimoleeular proportions. 


It will be seen that the speeds are identical within the limits of 
experimental error. 

Two mixtures containing excess of combustible gas, with speeds 
further removed from that at the limits, were then examined in 
the same manner. These mixtures contained 11-00 per cent, of 
methane and 3’54 per cent, of pentane, respectively, and the speed 
of the uniform movement of flame in them was about 60 cm. per 
second, three times the value at the limits. The results are given 
in table III. 


Table III. 

Speeds of Uniform Movement of Flame in a Glass Tube 2’5 cm. 
in Diameter with Mixtures containing 11*00 per cent, of 
Methane and 3*64 per cent, of Pentane, respectively , Mixed 
Together. 


Methane mixture. Pentane mixture. Speed, 

Per cent. Per cent. cm. per sec. 

100-0 — 59-1 

75-0 25-0 59-1 

50-0 50-0 60-3 

25-0 75-0 59-1 

24*4 75-6 59-1* 

— 100-0 59-6 


* Methane and pentane in equimoleeular proportions. 

Once more the generalisation is found to hold with great 
accuracy, and there is no doubt that it is true for all mixtures of 
the paraffins having the same speeds of flame provided that the 
maximum speed in mixtures of any individual paraffin with air is 
not too nearly approached. Tor if the generalisation could be 
supposed to apply to the “maximum-speed ” mixtures, no mixture 
of air containing both methane and pentane should propagate the 
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uniform movement of flame at a speed higher than the maximum 
speed in mixtures of methane and air. Similarly, the generalisa¬ 
tion cannot apply to speeds at the limits in mixtures of methane 
with atmospheres containing a high proportion of nitrogen, for 
with such atmospheres both upper and lower limits of inflamma¬ 
bility lie at the maximum, flattened portion of the speed-per¬ 
centage curve. 

Bearing these limitations in mind, it should be possible to calcu¬ 
late the values for the speed-percentage curve for any combination 
of the paraffins in air. An equimolecular mixture of methane and 


Fig. 2. 



pentane (which corresponds with propane) was chosen to test the 
accuracy of such calculations. 

The results are recorded in table TV, and are compared with the 
calculated values in Fig. 2. In no instance was the difference 
between observed and calculated speeds greater than 1 cm. per 
second. The highest speed for which calculation was made was 
60 cm. per second. 

It must be admitted that the gases chosen for these experiments 
are particularly favourable towards the calculation, since the maxi¬ 
mum speed of the uniform movement is nearly the same with each 
gas. As a more stringent test, a mixture of pentane and hydrogen 
was prepared (3C 5 H 12 + 2H 2 . corresponding with propane), and a 
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series of speed determinations and calculations made as before. In 
this instance, the maximum speeds of uniform movement in mix¬ 
tures of the individual gases with air differ widely, being 82 cm. per 
second for pentane and 485 cm. per second for hydrogen. The 
results are recorded in table IV, and in Fig. 2 are compared with 
those calculated. 


Table IV. 

Speed of Uniform Movement of Flame in Mixtures of Air with 
Combinations of Gases corresponding with Propane in a Glass 
Tube 2*5 cm. in Diameter. 


(a) CS s 

+ c 6 h 12 . 

(6) 3C 5 Hj S 

, + 2H a . 

Combustible gas. 

Speed, 

Combustible gas. 

Speed, 

Per cent. 

cm. per sec. 

Per cent. 

cm. per sec. 

2-55 

6 cm. travel only 

2*35 

Cap only 

2*65 

22-3 

2-47 

19*7 

3-12 

39*2 

3*02 

43*3 

3*54 

53*7 

3*56 

67*7 

4*04 

70*7 

4*03 

82*7 

4*52 

78*3 

4*48 

89*5 

6*05 

73*6 

4*91 

83*7 

5*36 

59*1 

5*77 

54-0 

6*23 

•37*5 

6*25 

43*6 

7*03 

25*4 

7-10 

27-9 

7*70 

20*7 

7*80 

23*1 

7*79 

3 cm. travel only 

8*60 

21*5 


8*72 

15 cm. travel 


The results are not in as good agreement with calculation as 
those obtained with the combination of methane and pentane, but, 
even so, the agreement is remarkably close considering the wide 
difference between the individual maximum speeds of flames. The 
greatest difference between observed and calculated results is only 
4 cm. per second. The highest speed for which calculation was 
made was 60 cm. per second, which is rather close to the maximum 
speed for pentane. 

■ It will no doubt be apparent that a limit is at present set to the 
scope of the generalisation, because only the speeds of flames in 
mixtures with air are available for purposes of calculation. When 
it is remembered that the gas with the slower maximum speed of 
uniform movement of flame may have that maximum greatly 
enhanced if an atmosphere richer in oxygen than air is used, it is 
clear that the generalisation should be capable of further extension, 
given the necessary experimental data. The consideration of this 
subject is reserved for a later paper. 

It now remains to deduce a method for calculating the maximum 
speed of the uniform movement of flame in a mixture of air with 
; a .mixture, of Inflammable gases, and *also for calculating the com- 
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position of tiie mixture which will have this maximum speed of 
flame. The latter may be calculated by the method suggested in 
a previous communication (Payman and Wheeler, this vol„, p. 36 ), 
in which it was shown that if “ maximum-speed ” mixtures were 
mixed together, the result would be the “ maximum-speed ” mixture 
for the mixed inflammable gases. For example, the value for the 
maximum speed of uniform movement of flame for hydrogen is 
38'5 per cent., for pentane 2*9 per cent,, and for methane 9'9 per 
cent.* The calculated value for the equimolecular methane- 
pentane mixture is 4‘48 per cent., and for the pentane-hydrogen 
mixture (3C 5 H 12 + 2H 2 ) 4-60 per cent. The value found is the same 
for both mixtures, namely, 4-55 per cent. It is interesting to note 
that the same value is found for propane, with which these mixed 
inflammable gases correspond. 

It was also suggested, from a consideration of the results obtained 
with mixtures of air with an equimolecular mixture of methane and 
hydrogen, that the gas for which the maximum speed of flame was 
the lower had the predominating effect in determining what would 
be the maximum speed with mixed inflammable gases. This is true 
for mixtures of methane and hydrogen, but, in general, it is the 
gas requiring most air to attain the maximum speed of flame which 
is the deciding factor. This is, indeed, what one would expect 
from a consideration of the generalisation concerning the speeds in 
mixed gases. The larger the volume of air a combustible gas 
requires to produce its “maximum-speed mixture,” the smaller is 
the percentage of that combustible gas in the fastest-speed mixture 
of air with a mixture of gases that contain it. 

A method for calculating approximately the maximum speed of 
the uniform movement of flame in mixtures of air with a mixed 
inflammable gas, from the known values for its simple constituents, 
may be given from a consideration of this fact. The assumption is 
made that when “maximum-speed” mixtures are mixed together, 
the resulting speed is proportional to the amount of each mixture 
present and to the respective maximum speeds of their flames. This 
relationship, which holds roughly for mixtures with air, may be 
expressed as follows : 

gr _ &S a . + bSfr + cS e + .... 

. a + b + c . ... 

where S is the speed required; a, b, c, . . . are the amounts present 
of each maximum-speed mixture with air; S a , S b} S c , . . . are the 
speeds of flame in those mixtures respectively. 

The use of the formula will be best explained by an actual 

* In each instance the figure given is the mean, percentage over a range 
of mixtures having nearly the same speed* 



COMPLEX G-ASEOUS MIXTURES, PART II. 


1453 


calculation of the maximum speed of flame for the equimolecular 
mixture of methane and pentane in admixture with air. 

The calculated value for the mixture to have the maximum speed 
of flame is 4*5 per cent., and this mixture will contain 2"25 per 
cent, each of methane and pentane. In the maximum-speed mix¬ 
ture of pentane and air, 100 parts of the mixture contain 2“9 parts 
of pentane, and therefore 2*25 parts of pentane correspond with 
2’25' 

T-—x 100 = 77 parts of pentane-air mixture. 

Similarly, 2'25 parts of methane correspond with 23 parts of 
methane-air mixture, since the maximum-speed mixture of methane 
and air contains 9-9 per cent, of methane. 

Substituting these values in the above formula, 
c _ (77x82)+ (23x67) 

100 

= 78’5 cm. per second. 

The value found was 79 cm. per second, showing an extremely 
close agreement. 

The agreement is not so good with the pentane-hydrogen mix¬ 
ture (3C 5 Hj 2 + 2H 2 ), the calculated value being 100 cm. per second 
and the speed found 90 cm. per second. The discrepancy does not 
appear so great, however, when it is remembered that there is a 
difference of 400 cm. per second between the maximum speeds of 
the flames in mixtures of pentane and air and hydrogen and air. 

The maximum speed of flame with mixed gases and air may also 
be found by a graphical method. If on a speed-percentage graph 
the maxima for any two gases taken singly is joined by a straight 
line, all the maxima for mixtures of these two gases lie approxim¬ 
ately on this line. The composition of the “ maximum-speed ” 
mixture is calculated by the method given by Payman and Wheeler 
(Joe. cit .), and the speed then read off from, the graph. 

ESKMBAX.S, 


CftJMBBBZAKD. 


[Received, October 10th, 1919.] 
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CXXXV1I.- — The Propagation of Flame in Complex 
Gaseous Mixtures. Part III .. The Uniform 

Movement of Flame in Mixtures of Air with 
Mixtures of Methane , Flydrogen and Carbon 
Monoxide, and with Industrial Inflammable Gases. 


By William Payman. 


The common industrial gases contain as their inflammable con¬ 
stituents methane, hydrogen, and carbon monoxide in various 
proportions. 

The speed of the uniform movement of flame in mixtures of 
methane and air in a tube 2-5 cm. in diameter was given in 
Part II of this series of papers. The speeds with hydrogen and 
air in a similar tube (over the major portion of the range of 
inflammable mixtures) have been determined by Haward and 
Otagawa (T., 1916, 109, 83). The speeds in mixtures of carbon 
monoxide and air are recorded in the present paper. 

Mixtures of Carbon Monoxide and Air. —It is well known that 
the rate of combustion of carbon monoxide is dependent on the 
amount of water vapour present. Dixon, for example (Phil. 
Trans., 1893, 184, 97), has shown that the velocity of the detona¬ 
tion wave in a mixture of carbon monoxide and oxygen (200 + 0.,) 
increases with the percentage saturation of water vapour. 

The present series of determinations of the speed of the uniform 
movement of flame in mixtures of carbon monoxide and air was 
carried out with mixtures saturated with water vapour at the 
ordinary temperature and pressure. Since the room tempera¬ 
ture varied, it was not surprising to find that the speed in a given 
mixture did not remain constant from day to day. Identical 
results were, however, obtained in experiments made within a few 
minutes of each other at the same temperature and pressure. 
Table I illustrates the effect of change in the percentage saturation 
of water vapour on the speed of the uniform movement of flame in 
a mixture of carbon monoxide and air containing 50 per cent, of 
carbon monoxide. 

' Table I.- ; ■ ' 

Speed of Uniform Movement of Flame in a Mixture of Carbon 
Monoxide and Air (50 per cent. CO) in a Tube 2*5 cm. in 
Diameter. 


Temperature and pressure. 
10° and 750 mm. ............ 

15° and 750 mm.. 

17° and 755 mm............. 


Cm. per"sec. 
(!) 59-9 (2) 59-9 
(1) 65*0 (2) 64-5 
(1)179*4 T{2) 79*0 
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A series of determinations of speeds of flame over the whole 
range of inflammable mixtures was carried out during a period 
when the temperature of the laboratory did not alter appreciably 
(about 12°). The values obtained are given in table II. 


Table II. 

Speed of Uniform Movement of Flame in Mixtures of Carbon 
Monoxide and Air in a Tube 2'5 cm. in Diameter at 12° and 
750 mm. 


Per cent, of 
carbon monoxide. 
16-15 

16*29 

16*40 

16-51 

24-47 

30-50 

44-84 

50*45 

54-40 

59-58 


Cm. per sec. 

Tongue of flame 
only. 

19-5 

19-4 

19-4 

34-0 

46-0 

60-1 

59-9 

57-8 

56-2 


Per cent, of 
carbon, monoxide. 
59-81 
65-55 
65-84 
67*10 
67-57 

69- 00 

70- 63 

70- 68 

71- 19 
71-31 


Cm. per sec. 
54-2 
37-4 
36-3 
30*2 
29-6 
26-0 
20-0 
20-3 
19-4 

Trailing flame 
travelled 15 cm. 


These values are of interest in themselves, apart from their con¬ 
nexion with the problem of the propagation of flame in complex 
gaseous mixtures, inasmuch as they disclose the fact that the 
maximum speed of flame is obtained with mixtures containing from 
45 to 50 per cent, of carbon monoxide. The mixture for complete 
combustion contains 29‘5 per cent, carbon monoxide, so that the 
“displacement” of the maximum-speed mixture is greater even 
than with hydrogen, despite the fact that the thermal conductivity 
of carbon monoxide is but little different from that of air. 

Industrial gas mixtures may contain varying proportions of 
water vapour. There may therefore be some uncertainty as to 
the correct values to use for the speed of flame in mixtures of 
carbon monoxide and air when attempting to calculate the speed 
of flame in the mixed industrial gas. Such gases, however, con¬ 
tain hydrogen as well as carbon monoxide, and the presence of 
hydrogen affects the speed of flame in a similar degree to that of 
water vapour. With mixtures of gases containing fairly high pro¬ 
portions of hydrogen, it is therefore not unlikely that the effect 
of variation in the moisture content would be inappreciable. It 
should therefore be sufficient for our purpose to know the values 
for the speed of flame in mixtures of air with a mixture of hydrogen 
and carbon monoxide. Or the “ effective ” speeds for mixtures of 
carbon monoxide and air could; be calculated from such values 
and these speeds used for further calculation. 
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In this connexion, it is interesting to note that Berthelot {Ann. 
Chinn. Phys.j 1881, [vj, 28, 289) found the rate of detonation in 
mixtures of carbon monoxide and oxygen to be about half the 
calculated value. For mixtures of oxygen with carbon monoxide 
plus hydrogen, the calculated values were in good agreement with 
those found. Similarly, in the present research, the maximum 
speed of uniform movement of flame in mixtures of carbon mon¬ 
oxide and air is found to be about half the value calculated, making 
use of the values determined for hydrogen-air and hydrogen- 
carbon monoxide-air mixtures. 

Mixtures of Hydrogen and Air. —-As with tubes of smaller 
diameter (this vol., p. 36), it was not found possible to determine 
accurately the speed of the uniform movement of flame in the 
upper-limit mixture of hydrogen and air in a tube 2*5 cm. in 
diameter. A mixture containing 71*4 per cent, of hydrogen was 
found to he the richest which would propagate flame under the 
experimental conditions. The flame was not hot enough to melt 
i£ screen wires,’" but its speed, as measured by means of a tapping 
key in connexion with a chronograph, was found to be approxim¬ 
ately 50 cm. per second. 

• A characteristic of the lower-limit mixture and of mixtures near 
to it is the formation on ignition of minute balls of flame, which 
pass steadily from the open to the closed end of the tube. These 
flames are propagated mainly by the influence of convection 
currents, and the speed-percentage curve at the lower-limit region 
is not continuous, but shows a definite break. Nevertheless, no 
definite distinction, at the point of break in the curve, could be 
drawn between the normal and the balls of flame, the latter 
increasing in size and gradually changing their form as the per¬ 
centage of hydrogen increased. 

The speeds of the flames in mixtures near the limits are given 
in table III, which completes the table given by H award and 

Table III. 

Speed of the Uniform Movement of Flame in Mixtures of Hydrogen 
and Air in a Tube 2*5 cm. in Diameter. 


Hydrogen. 

Speed, 

Per cent. 

cm. per sec. 

6*10 

No flame observed. 

619 

10 

6*31 

12 

6*52 

15 

14*71 

120 

71-39 

50 

71*51 

Flame to open end 


only. 
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Ofcagawa ( loc. cit., p. 89). In only one instance was the flame hot 
enough to melt “ screen wires/’ namely, with the mixture contain¬ 
ing 14-71 per cent, of hydrogen; the remaining speeds were deter¬ 
mined by means of a tapping key. 

Mixtures of Methane, Hydrogen, and Air .—The speed of the 
uniform movement of flame in a tube 2-5 cm. in diameter was 
determined over a range of mixtures of air with two mixtures of 
methane and hydrogen. The first mixture contained equal volumes 
of methane and hydrogen (CH 4 + H 2 ), the second three volumes of 
methane to one volume of hydrogen (3CH 4 -fH 2 ). The results are 
recorded in table IV. The lower-limit flames preserved the general 
character of the corresponding hydrogen flames, and their speeds 
were found to be lower than the speed in the limit mixture of 
methane and air. 


Table IV. 


Speed of the Uniform Movement of Flame in Mixtures of Air 
with Hydrogen Methane Mixtures in a Tube 2‘5 cm. in Diameter. 


ch 4 + h 2 . 


Combustible gas. 

Per cent. 

6-03 

6*20 

6*31 

6*73 

7*68 

9*05 

10*23 

11*95 

11*99 

13*50 

14*93 

15*93 

16*90 

18*31 

19*96 

20*22 

20*32 

20*48 

20*80 


Speed, 
cm. per sec. 
15*0 
17*1 
19*1 
22*1 
28*6 
45*6 
67*4 
104*1 
106*3 
128*6 
135*3 
127*3 
111*9 
65*6 
35*5 
30*5 
28*5 
27*3 
24*3 


3CH 4 + H a . 


Combustible gas. 

Speed, 

Per cent. 

cm. per sec. 

6*09 

18*0 

6*22 

19*9 

6*50 

21*0 

6*80 

27*7 

7*84 

39*6 

9*06 

58*3 

9*93 

78*7 

11*35 

84*9 

12*26 

82*2 

13*25 

66*7 

14*20 

45*7 

14*99 

27*8 

[15*50 

22*6 


The results are plotted as curves in Fig. 1, the calculated curves 
being shown in dotted line. The maximum speeds calculated by 
the method given in Part II are 150 and 99 cm. per second 
respectively for the mixtures CH 4 -|-H 2 and 3CH 4 -i- II 2 . The values 
found were 135 and 85 cm. per second. 

Mixtures of Carbon Monoxide , Hydrogen, and Air .—-Two mix¬ 
tures of carbon monoxide and hydrogen were employed, of com¬ 
position CO + H 2 and 3CO ■+■ H 2 , corresponding with the methane- 
hydrogen mixtures. The results are given in table V, and are 
plotted as curves in Fig. 2. 



Speed of uniform movement of flame in a tube Speed of uniform movement of flame in 

2-5 cm. in diameter. Cm. per sec. in diameter. Cm. per see 
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10 12 14 16 18 20 

Combustible gas, per cent. 



j co + h 2 \ 

j / 3 co + h 2 \\ 



CARBON MQNOXink (06s:) 


10 20 30 40 50 

Combustible gas, per cent. 
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From, the values found for hydrogen and for the mixture 
SCO + H 2 , the speeds of the flames in mixtures of air with CO +■ Ha 
were calculated. The results are shown in dotted line in Fig. 2. 
The values for carbon monoxide and air were also calculated from 
these values, and the curve is given in the diagram for comparison. 
It will be seen that the values calculated in this manner are much 
higher than those found by experiment. These “effective” speeds 
have been used in subsequent calculations instead of the values as 
determined, which are dependent on the amount of water vapour 
present. 


Table V. 

&'peed of Uniform Movement of Flame in Mixtures of Air with 
the Mixtures CO + II 2 and 3CO + H 2 in a Tube 2‘5 cm. in Diameter. 


: o 
i o 

t h 2 . 

3CO + H 2 . 

Combustible gas. 

, Speed, 

Combustible gas. 

Speed, 

Per cent. 

cm. per sec. 

Per cent. 

cm. per sec. 

9-25 

18*2 

12*00 

19*2 

10-35 

21*1 

18-99 

67*1 

15*40 

58-3 

27*82 

115-0 

20*57 

100-4 

34*73 

166*2 

30*25 

211*5 

41*32 

205*5 

36*94 

282*9 

46*90 

214*0 

41*50 

309*7 

53*17 

200*0 

45*92 

315*2 

58*49 

154*7 

51*23 

280*0 

70*36 

34*4 

58*55 

178*5 

71-42 

20*8 

69-00 

64*5 



70-75 

50*1 



71-34 

44-4 




Mixtures of Methane and Carbon Monoxide , and Mixtures of 
Mi ethane, Hydrogen, and Carbon Monoxide with Air .—Table VI 
records the results obtained with a mixture containing equal 
volumes of methane and carbon monoxide, and with one containing 
equal volumes of methane, hydrogen, and carbon monoxide. 
Methane, or any gas into the composition of which hydrogen enters, 
acts towards mixtures of carbon monoxide and air in a manner 
comparable with that of hydrogen and water vapour. The maxi¬ 
mum speed of uniform movement of flame in mixtures of air with 
each of the mixtures CH 4 + CO and CH 4 + CO + H 3 was found to 
be 91 and 150 cm. per second respectively, whilst the correspond¬ 
ing calculated values are 78 and 145 cm. per second. 
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Table VI. 

&'peed of Uniform Movement of Flame in Mixtures of Air with 
the Mixtures CH 4 + CO and CH 4 + H 2 +CO in a Tube 2\5 cm. 
in Diameter. 


ch 4 + CO. 


Combustible gas. 

Per cent. 

9-45 

9-88 

12*07 

13*78 

15*95 

18*06 

19*32 

21*55 


Speed, 
cm. per sec. 
21*9 
36*2 
62*5 
85*7 
91*3 
68*9 
52-3 
19*8 


CH 4 + H 2 4- CO. 


Combustible gas. 

Per cent. 

7*70 

10*01 

14*01 

15*80 

18*92 

20*42 

22*43 

25*05 

27*57 


Speed, 
cm. per see. 
21*2 
36*5 
83*3 
109*4 
150*0 
148*7 
118*5 
57*8 
21*8 


Fig. 3. 



The speed-percentage curves for the equimolecular mixtures 
CH 4 + H,, Ho CO, CO -f CH 4 , and CH 4 + II 2 + CO are plotted in 
Fig. 3, the curves for the pure gases being included for comparison. 

Mixtures of Industrial Gases with Air .—The eqnimolecnlar mix¬ 
ture of carbon monoxide and hydrogen correspond nearly with 
water-gas.” A coal-gas and a producer-gas were also examined, 
the compositions of these being : 
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Benzene and higher olefines . 

Coal-gas. 
Per cent. 
1-1 

Producer-gas. 
Per cent. 

Carbon dioxide .... 

03 

5-0 

Ethylene ....... 

2-6 


Oarb on xnonoxi de...... 

06 

21-3 

Hydrogen . 

402 

12-6 

Methane and higher paraffins 

33-9 

3-1 

Nitrogen (by difference) .. 

3-3 

58-0 


The speeds of the uniform movement of flame in mixtures of 
air with each of these two gases are given in table VII. 


Table VII. 

Speed of Uniform Movement of Flame in Mixtures of Air with 
Goal-gas and with Producer-gas in a Tube 2*5 cm. in Diameter. 


Coal-gas. 

Speed, 

Producer-gas. 

Speed, 

Per cent. 

cm. per sec. 

Per cent. 

cm. per sec- 

7-2 

21-5 

24-7 

20-0 

100 

50*5 

38-9 

47-4 

11-9 

87*1 

46-0 

62-7 

14-7 

133-7 

49-0 

72-2 

16-8 

153-9 

54-3 

69-7 

17-9 

154-1 

58-8 

43*5 

20-4 

115-6 

61*6 

24-0 

21-8 

74-3 



24-3 

22-0 




The principal constituents of the coal-gas are hydrogen, methane, 
and carbon monoxide. If all the hydrocarbons be reckoned as 
methane, the calculated maximum speed of uniform movement of 
flame in mixtures of air with this coal-gas is 164 cm. per second, 
with a mixture containing 18*4 per cent, of coal-gas. Since the 
content of inert gases (nitrogen and carbon dioxide) is low, they 
may be neglected when making the calculations. 

Producer-gas, on the other hand, always contains a large pro¬ 
portion of inert gas ; the sample used for these experiments con¬ 
tained only 37 per cent, of combustible gas. For this reason, a 
value for the maximum speed of uniform movement of flame in a 
mixture of producer-gas and air, calculated from the maximum 
speeds in mixtures of the pure gases with air, would be too high. 

The speed of flame in mixtures of air with gas containing a large 
proportion of nitrogen can be calculated on the assumption that 
the cooling or retarding effect on the flame of excess of air or of 
nitrogen will be the same, since their, specific heats are the same.* 
A mixture of carbon monoxide, hydrogen, and methane in the pro-. 

* This assumption is not quite correct, since the presence of reactive gas 
slightly opposes the retarding effect of air. 
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portions in which, they are found in the sample of producer-gas 
used in these experiments will have as its “ f astest-speed ” mixture 
with air one containing 34'7 per cent, of combustible gases. If 
nitrogen is added to this mixture, so that the ratio of nitrogen to 
combustible gases is the same as in the producer-gas, the result is 
a mixture containing 21*7 per cent, of combustible gases. (The 
carbon dioxide content being low, it may be calculated as nitrogen.) 
The speed of flame in this mixture should, on the assumption given 
above, be but little different from the speed of flame in the same 
mixture of combustible gases with air. The latter speed is most 
easily determined by a graphical method, and is found to he 85 cm. 
per second. 

The mixture of air and producer-gas wit-h the fastest speed of 
uniform movement of flame contains slightly more inflammable 
gases than is required for complete combustion. A greater “dis¬ 
placement ” of the maximum-speed mixture might he expected for 
the reason that the chief inflammable constituents are hydrogen and 
carbon monoxide, the individual displacements of which are con¬ 
siderable. The small displacement with producer-gas is due to the 
presence of inert gases, as will be explained in the succeeding 
section of this series of researches. The effect, in general, of inert 
gases on the speed of the uniform movement of flame in gaseous 
mixtures will also be considered. 

Esjoibaus, 

OtocBEiiLAND. {Received, October 10th, 1919.] 


CXXXVHL —The Ignition of Ether-Alcohol-Air and 
Acetone-Air Mixtures in Contact with Heated Surfaces. 

By Albert Greville White and Tudor Williams Brice. 

Owing to the large number of fires which had occurred during 
1917 and 1918 in solvent-recovery stoves in which cordite was being 
dried, it was decided to investigate the conditions under which 
mixtures of the vapours of ether, alcohol, and acetone with air 
would ignite. This was rendered all the more necessary by the 
fact that the information available oil this subject was scanty and 
often conteradictory. 

As a general rule, the actual rise in temperature necessary to 
cause the explosion of such an explosive as glyceryl trinitrate is 
much lower than that needed to ignite an explosive gaseous mix- 
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lure. On the other hand, the lower thermal capacity of the gas 
and its comparatively far greater mobility render it more 
susceptible to ignition in many cases. There was thus some justifi¬ 
cation for the idea that the solvent-air mixture was probably 
responsible for many of the recovery-stove fires that had occurred, 
particularly when it is remembered that fires had been less fre¬ 
quent in “ final >3 stoves tban in recovery-stoves, that more fires 
had occurred with, cordite from which a mixture of ether and 
alcohol was being removed than when the solvent was acetone, and 
that ether when mixed with, air is indubitably more dangerous 
than acetone under similar conditions. 

The factors affecting the ignition of a combustible gaseous mix¬ 
ture are many, and the influence of some of them is not particu¬ 
larly well understood. The problem of safety when dealing with 
such a mixture under manufacturing conditions divides itself 
naturally into two parts, the one dealing with the ignition of the 
mixture, and the other with the propagation of the flame from 
one portion of the mixture to another, for example, from one build¬ 
ing to another. This division is seen to be inherent when it is 
remembered that, by using a sufficiently powerful source of 
ignition, it is possible to ignite almost any combustible gas-air 
mixture, whereas the propagation of the flame is a totally different 
matter, particularly if the gas-mixture considered is at rest. In 
such a case, there appear to be definite limits for the proportion 
of combustible gas to air in a mixture which propagates flame, 
these limits depending ultimately only on the direction of pro¬ 
pagation and the nature of the combustible gas used, at ordinary 
temperature and pressure. The experimental work is accordingly 
divided into three sections: 

(1) The ignition-temperatures of various gas-mixtures, including 
ether-air, alcohol-air, and acetone-air mixtures, 

(2) The limits for the propagation of flame in these mixtures. 

(3) The investigation of a few miscellaneous facts concerned 
more particularly with various means of ignition. 

The fact has not been lost sight of that ease of ignition and 
propagation of flame might be enhanced by the presence of some 
impurity in the solvent vapour-air mixture. Accordingly, experi¬ 
ments have been carried out to ascertain the effect of adding slight 
amounts of glyceryl trinitrate and of the peroxides of ether to the 
gas-mixtures dealt with. This was the more necessary, as glyceryl 
trinitrate, even though present in the stove vapours in minute 
quantities, is known to be a source of possible danger, and also 
because there appears to be a tendency to assign any otherwise 
inexplicable explosion or fire with. ether to the influence of these 
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peroxides (compare Neander, Chem. Zeit., 1902, 28, 336, and 
others). This idea seems to have arisen chiefly from the fact that 
ether which had given trouble had generally been kept for some 
time, and also because it was well known that the exposure of 
purified ether to light caused the formation of compounds which 
appeared to contain active oxygen. The methods used to prepare 
these compounds were those given by Baeyer and Villiger (Bcr.. 
1900, 33, 3387; 1901, 84, 738). Naturally, great care was 
exercised in freeing the solvents used from such impurities. 

The ether used was twice distilled from acid permanganate and 
washed several times, first with a concentrated solution of 
potassium hydroxide in water, and then with a dilute one. It was 
then washed several times with distilled water, dried, distilled, and 
again dried for several days over sodium. On fractionating twice 
with a Young and Thomas still-head, a fraction boiling within 
0*05° of the boiling point of the pure substance was collected each 
time. The alcohol used was ordinary absolute alcohol, which was 
twice heated under reflux for four hours over fresh lime, then 
twice over calcium turnings for two hours, and refractionated as 
for ether, the fraction collected boiling within O’05° of 78-4°. 
The acetone was purified by converting it into the sodium iodide 
compound, collecting, and distilling the double compound. The 
product was then carefully dried and fractionated twice, as in the 
case of the other compounds. The purity of the solvents used can 
be gauged from the fact that the acetone obtained had Bf O’7808, 
as low a figure as any published. These solvents were carefully 
preserved in a dark cupboard. 

Except when otherwise specified, percentages can be taken to 
mean percentage by volume. Tubes are also often specified by 
their diameters. Thus a tube 5 cm. in diameter would be referred 
to as a 5 cm. tube. 

Section I. 

The Ignition-temperatures of Ether-Alcohol-Air and Acetone- 
Air Mixtures. 

With the exception of two figures for ether in air, 1033°, given 
by McDavid (T., 1917, 111, 1003) and 190° by Alilaire (< Gompt . 
rend., 1919, 168, 729), the ignition-temperatures found in the 
literature for the solvents in question are spontaneous ignition- 
temperatures, which can be taken to be the temperatures at which 
the substances dealt with (surrounded by oxygen or air at the same 
temperature) will burst into flame without the application of any 
spark or other local high temperature. Two sets of these figures, 
which are intended for engine work, are given. Thus, Holm 
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"(Zeittfeh. angew. Chem., 1913, 20 , i, 273) gives the spontaneous 
ignition-temperature of alcohol in air as 510°, of acetone as 570°, 
and of ether as 400°. Moore (/. Soc. Gliem. IncL, 1917, 30, 
109) gives the spontaneous ignition-temperatures of ether and - 
alcohol in air as 347° and 518°, and in oxygen as 190° and 395° 
respectively. It will be seen that only the figure given for the 
ignition-temperature of ether in air by Alilaire, which was pub¬ 
lished after the completion of our work, appears to be sufficiently 
low to make an ignition of the solvent—air mixture under present- 
day conditions of recovery seem feasible. 

A paper by Perkin (T,, 1882, 41 , 363) on the luminous, incom¬ 
plete combustion of ether is interesting in this connexion. Accord¬ 
ing to him, this phenomenon was first discovered by Davy, who 
noticed a pale phosphorescent light round a hot platinum wire. 
Doebereiner noticed the same thing, and also remarked that when 
ether was dropped into a retort heated on the sand-bath to 100° 
and upwards, or into a platinum capsule exposed to the vapour of 
boiling water, the spheroidal state is produced, accompanied by a 
blue flame visible only in the dark, and not capable of setting fire 
to other substances, lachrymatory vapours of lampic acid being 
formed. 

Boutigny and Miller also noted this flame and the products of 
the combustion, and proved that metal or porcelain dishes were 
equally effective in producing these phenomena. Boutigny gives 
the temperature at which ether begins to burn with, this flame as 
a little below that of fusing lead, and so agrees with Perkin and 
others that the temperature necessary must be about 260°. As 
will be seen later, however, a temperature much below this is 
sufficient to produce this flame in ether-air mixtures. According 
to Perkin, this blue flame has a comparatively low temperature (it 
has since been designated a “cool” flame). The fingers may be 
placed in it with impunity. It will neither char paper nor ignite 
carbon disulphide, and a lueifer match may be held in it for some 
time before being' ignited. He also states, however, that ether 
vapour burning with this blue flame, when in large quantities, or 
more especially in a confined space, rapidly increases in tempera¬ 
ture and quickly enieTs into ordinary combustion. 

Perkin also examined other substances for “the luminous appear¬ 
ance accompanying incomplete combustion. 5 ’ Only traces of blue 
flame were obtained with the alcohols up to amyl, methyl alcohol 
giving none. 

The generally accepted definition of ignition-temperature is that 
temperature to which a gas-mixture must be heated, at least locally, 
for the speed of the reaction to be such as to become self-support- 
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ing. This temperature is not that at which a flame appears, but 
that at which self-heating becomes sufficient to cause ultimate 
inflammation. 

That the determination of an ignition-temperature is a matter 
of great difficulty can at once he seen when it is considered that 
the temperature at which such a reaction would become self-sup¬ 
porting must depend on the rate of dissipation of heat in the 
system as well as on many other factors. For instance, if the time 
taken to bring the gas-mixture up to the ignition-temperature is 
appreciable, the composition of the gas-mixture alters, and if a 
solid is in contact with the heated gases*, even below their ignition- 
temperature, as proved by Bone and Wheeler (Phil. Trans., 1906, 
[.-I], 200, 1) and by Meyer and Freyer ( Ber ., 1892, 25, 622), the 
most divergent results are obtained for the amount of combination 
that takes place. From their work, the German investigators 
concluded that it was impossible to determine an ignition- 
temperature. 

We decided to try the soap-bubble method described by McDavid 
(loc. cit.), and if that proved unsatisfactory, as was anticipated 
from Meunier’s work (Compt. rend., 1907—1912), to attempt to 
make use of a method in which the amount of heated surface 
brought into contact with the gas would be known, thereby elimin¬ 
ating the most obvious defect in the soap-bubble method as pub¬ 
lished. To this end, it was decided to pass the various gas-mixtures 
of which the ignition-temperatures were required into certain 
uniformly heated vessels. In this way, the temperature at which 
ignition could be obtained in each vessel would be known. By 
taking vessels of the same material having different ratios of 
surface to volume and plotting the ignition-temperature against 
surface per unit volume, it was anticipated that by extrapolation 
it would be possible to eliminate to a great extent disturbing 
variations due to surface action. The most obvious vessels to use 
were tubes of various diameters, and a series of these was accord¬ 
ingly chosen. It was quite realised that the longer time taken to 
heat a large bulk of gas would affect the results to some extent, but 
direct experiment, in which some of the products of combustion 
were introduced into the gas-mixture to be used, soon proved this 
to be almost negligible in the case of ether-air mixtures of ordinary 
concentration. It is to be noticed, however, that in this method 
the temperature determined has been called the sub-ignition- 
temperature—the minimum temperature at which combination in 
a gas-mixture becomes self-supporting. This appears to he the 
practical temperature required, as the phenomenon obtained may 
or may not give rise to ordinary combustion, depending on circum- 
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stances. Its identity with the ignition-temperature of a mixture 
depends entirely on what is understood by “ ignition," and a 
“ flame ” in those cases in which cool flames are possible phenomena. 

Heating a gas-mixture quickly to its ignition-temperature is 
always assumed to cause ultimate inflammation. In many cases, 
an ordinary flame, causing more or less complete combustion, cannot 
be obtained by heating a gas to its sub-ignition-temperature, and 
in those cases in which such a flame appears it is only produced 
through the “cool” flame of incomplete combustion. For a fairly 
concentrated ether-air mixture, the cool flame obtained is very 
similar in appearance to an ordinary flame, but for very dilute 
mixtures it becomes practically a travelling phosphorescent flow. 

The Soap-bubble Method .—The results obtained during our 
investigation of the soap-bnbble method of determining ignition- 
temperatures have already been published (this voL, p. 1248). By 
using different igniting surfaces, it was found that the ignition- 
temperature of a 5 per cent, ether-air mixture as determined by 
this method could vary from 907° to 1064°, whilst that of a 12 per 
cent, mixture could vary from 870° to 1035°. The results obtained 
seemed to be erroneous, and by using several gas-mixtures it was 
shown that the method could scarcely be trusted, even for com¬ 
parative results. 

The Exhausted Tube 'Method .—The apparatus used in this 
method is shown in Fig. 1. The heated vessel consisted of a long 
glass tube sealed at one end and closed at the other by means of 
a rubber stopper. The tube could be kept at any desired tempera¬ 
ture by means of an electric furnace, the exact temperature inside 
the tube being registered by means of a eopper-constantan couple 
except when that temperature was more than 500°, when a 
nitrogen-filled mercury thermometer was used. The ignition tube 
was connected to the glass reservoir containing the mixture under 
examination by means of a glass lead passing through the rubber 
stopper. A three-way tap was inserted between the tube and 
reservoir in such a manner that the tube and lead could be con¬ 
nected at will to the reservoir or to a Gaede box pump. The 
reservoirs were of 15 to 17 litres capacity, and the tubes used at 
first were a few cm, longer than the furnace, which was 50 cm. 
long. The reservoir was filled with any required mixture by 
exhausting it and allowing air to sweep a known weight of the 
solvent from the filler, shown in the figure. The filler was con¬ 
nected to the three-way cock by means of rubber tubing, but the 
end of the filler always projected into the tap tube. In this way, 
none of the solvent escaped introduction into the ri reservoir, and a 
knowledge of the molecular weight of the solvent, together with; 
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the temperature and pressure, gave, by means of a simple calcula¬ 
tion, the percentage volume occupied by the solvent in the 
reservoir. A portion of the lead between the three way tap and 
the furnace was connected to the remainder by means of rubber 
joints. These joints enabled tubes of various internal diameters 
to. he introduced in order to vary the rate, at which equalisation 
of pressure in the tube and reservoir took place. An experiment 
was conducted as follows. The tube was exhausted to a pressure 
below 2 cm., and connected to the reservoir by turning the three- 
way cock as rapidly as possible; an observer, looking through the 


Ida. I. 



sealed end of the tube (shielded by a plate of glass), reported 
whether ignition had or had not taken place. 

Shock Ignition ,—Preliminary experiments, using 5 to 15 per 
cent.; mixtures of ether in. air and ■ a -tube ■ 2 • cm, in 'diameter, gave 
results varying with the diameter of lead used. It was also found 
that changing the length of the tube from 50 to 100 cm. affected 
the temperature at which ignitiou was obtained. These irregulari¬ 
ties were presumably due to the differences in time taken to fill 
the tube with the gas-mixture. Accordingly, a tube 7*5 cm. in 
diameter was substituted for the one previously used, so that the 
effect of changing the diameter of the lead could be investigated 
more easily. With a lead of 1 mm. diameter, ignitiou took place 
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at temperatures near 200°, but, on using a lead of 5 mm. in 
diameter, it was found possible to obtain ignition at from 50° to 
60°. These results were obviously too low, and observation showed 
that they were influenced by the position of the end of the tube 
relative to the furnace. Experiments were carried out to elucidate 
this phenomenon, and it was found possible to ignite ether-air 
mixtures at the ordinary temperature and to ignite other gaseous 
mixtures at temperatures well below those commonly considered 
as their ignition-temperatures. The apparatus used consisted of a 
glass tube 7*5 cm. in diameter, which was connected to a reservoir 
of 16 litres capacity by means of a glass lead 80 cm. long and of 
1*9 cm. internal diameter. By using on the reservoir a cock of 
1*5 cm. bore, it was'possible to equalise the pressure in the two 
portions of the apparatus very suddenly. "Under these conditions, 
it was found that when the tube and lead were exhausted and kept 
at the same temperature as the reservoir (16*5°), ether-air mixtures 
containing 5 to 15 per cent, of ether were ignited on opening the 
reservoir cock. 

The ignition invariably took place within 15 cm, of that end 
of the tube remote from the reservoir. In most cases it resulted 
in a pale blue flame, which travelled quietly along the tube, but 
sometimes gave inflammation sufficiently violent to shatter the 
glass. When using 7*5 cm. tubing, ignition could be obtained 
easily with 60 and 90 cm. lengths, even when the pressure in the 
reservoir was less than half the atmospheric. Ignition occurred 
in a 150 cm. tube only when the pressure in the reservoir was 
greater than three-quarters of an atmosphere. When a 300 cm. 
tube was used, no ignition could be obtained at the ordinary 
temperature y a similar negative result was obtained with bottles 
30 cm. long and 11*2 to 12*5 cm, in diameter, that is, of approxim¬ 
ately the same capacity as the 90 cm. tube. A pad of soft leather 
in the closed end of a tube of optimum length seemed to prevent 
ignition at the ordinary temperature, and a plug of cotton wool 
prevented ignition in precisely the same way. Replacement of 
the 7*5 cm. tube by one 2 cm. in diameter brought about the 
same result. It appeared to be immaterial whether highly purified 
ether or the ordinary commercial variety was used for these experi¬ 
ments. Amongst the other gases tested were mixtures of hydrogen 
and the vapours of acetone and , carbon disulphide with air. 
Dilute carbon disulphide-air mixtures ignited at the ordinary 
temperature, acetone-air mixtures below 250°, and hydrogen-air 
mixtures below 450°, but these experiment® were not continued. 
The information at present available makes it appear highly prob¬ 
able that this ignition ia due to the shock caused by the sudden. 

3 I 2 
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stoppage of the gas rushing into the exhausted tube. In this con¬ 
nexion, a statement made by Sir Charles Parsons in his inaugural 
address at the Bournemouth Meeting of the British Association 
(1919) is of interest. This was to the effect that during the work 
of a committee appointed by the Admiralty in 1916 to investigate 
the cause of abnormal propeller erosion, it was discovered that by 
allowing water to rush into an exhausted conical vessel, a pressure 
of more than 220 kilos, per sq. mm. was recorded at the apex, of 
the cone. That ignition of a gas-mixture can be produced by a 
compression wave was demonstrated by Bradshaw ( Proc. Boy. Soc., 
1907, [A], 79, 236) for mixtures of carbon disulphide in oxygen 
and for electrolytic gas. 

Another factor, the actual rarefaction, must not be forgotten. 
Investigations by Mitscherlieh (Ber., 1893, 26, 399) on the 
temperature necessary to explode mixtures of hydrogen and oxygen 
seem to show that the explosion point is reduced very appreciably 
by lowering the pressure. Again, Labillardiere, Friedel and 
Ladenburg, Stock and Guttmann, and others have shown that the 
temperature necessary for the ignition of mixtures of the hydrogen 
compounds of phosphorus, silicon, and antimony with oxygen is 
presumably lowered by reducing the pressure, and that explosion 
has been known to follow sudden rarefaction. In the course of 
the work described in this paper, the maximum reduction in sub- 
ignit-ion-temperature of ether-air mixtures apparently obtained 
by reduction in pressure alone was only--7 p , that is, from 187° to 
180°, as shown in Fig. 4. This appears to leave a fair margin for 
other factors. 

The importance of this “ shock ,5 ignition is obvious whether it 
be considered from the theoretical or practical point of view, and 
it may quite well account for hitherto obscure ignitions met with 
in the course of solvent-recovery and mine work. The phenomenon 
underlying shock-ignition must also invalidate a good deal of 
research work. 

Attempt to Eliminate Shock-ignition .—One conceivable method 
of avoiding shock-ignition in the determination of sub-ignition- 
temperatures would appear to be that in which the gas is given no 
appreciable flow before being stopped. An attempt to realise 
these conditions was made by joining a small bulb on to a gas 
reservoir in such a way that .the distance between the bulb and 
reservoir was as small as possible. A three-way tap was inserted 
between the reservoir and bulb to enable the bulb to be exhausted 
before an experiment. The bulb, which was made of glass, was 
kept at any desired temperature by being almost entirely immersed' 
in a bath of mercury. When once a connexion had been made 
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between the bulb and gas reservoir, the tap was turned so as to 
close both bulb and reservoir. If ignition took place, a flash was 
easily observed where the bulb-stem emerged from the bath. The 
bore of the bulb-stem was varied in different determinations. The 
results obtained when using a 4*5 per cent, mixture of ether in 
air are given in table I. From them, it will be noticed that the 
effect of the size of lead is not completely eliminated by this 
method. 

Table I. 

Showing the Sub-ignition-temperatures of a 4*5 per cent. Ether- 
Air Mixture obtained by the Bulb Method, using Various Leads. 


Sub-ignition-temperature when lead was 
Diameter ✓---*--. 


of bulb in cm. Ordinary tube. 

Capillary. 

Fine capillary. 

4-8 

178-0° 

181-0° 

184-0° 

4-1 

179-0 

184-0 

185-0 

3-5 

180-5 

185-5 

188-0 


An interesting point observed in these experiments was the fact 
that when using a 4*5 per cent, mixture near its apparent ignition- 
temperature, explosion invariably occurred. On the other hand, 
when using the bulbs specified above with an ordinary capillary 
lead and the same gas-mixture, on no occasion did an explosion 
take place when the temperature of the bath was greater than 
197°. Above this temperature, a luminous flash was observed, and 
nothing more. A 6 per cent, mixture gave similar results, but a 
10 per cent, mixture gave no explosion at any temperature tried. 
An 8 per cent, mixture behaved in precisely the same way as a 
10 per cent, mixture, except that on one solitary occasion a violent 
explosion shattered the bulb. It is possible that a good approxim¬ 
ation to the correct suh-ignition-temperature could be obtained by 
using a very fine capillary tube and a fairly large bulb, but the 
experiment would not be without danger. 

Final Apparatus. —It was found that by making use of a fairly 
long tube and allowing the sealed end to project well out of the 
furnace, effects of shock-ignition were apparently eliminated. In 
this case, the point at which shock-ignition would have occurred in 
normal circumstances was well outside the heated zone, and on no 
one occasion was an ignition in the final apparatus observed to start 
outside the* furnace. The lengths of tube used were* as follows: 

2 cm. tube. 100 cm. 

4 cm. tube. 130 cm. 

5-5 cm. tube. 130 cm. 

The chief difficulty encountered was that of deciding when an 
ignition had occurred. This was generally easy in the case of 
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shock-ignition, as not only was the flame fairly easily seen, hut the 
products of combustion had a characteristic and powerful odour. 
In the case of dilute mixtures of ether in air and ether-alcohol-air 
mixtures containing small quantities of ether, however, the matter 
was quite otherwise. It was found almost impossible to distinguish 
between an ignition and the glow given below the sub-ignition- 
temperature by combustion on the surface of the glass until travel¬ 
ling was taken as the criterion. This was, of course, due to the 
fact that the ignition at the lowest possible temperature of a mix¬ 
ture containing ether and air invariably commenced with what has 
been termed the cool flame. This flame often requires a completely 
darkened room in order to be visible, but whenever any appreciable 
quantity of combustible mixture is present, it is liable to develop 
more or less rapidly into ordinary combustion and, possibly, 
detonation. That the volume of mixture present is ail important 
factor can be seen from the fact that on no occasion did ordinary 
combustion develop in the 2 cm. tube within 150° of the sub- 
ignition-temperature. On the other hand, when using mixtures 
containing from 5 to 10 per cent, of ether in either of the other 
tubes, ordinary combustion was liable to develop, and certainly 
did develop if the temperature was a few degrees above that 
necessary for inflammation. Test experiments carried out with 
and without the thermo-couple and thermometer in the tube showed 
that the presence of these instruments did" not appear to affect the 
result obtained. 

Fig. 2 gives the results obtained for the suh-ignition-temperatures 
of various ether-air mixtures. It will be noticed that in the case 
of the 2 cm. tube, the results for dilute mixtures differ slightly 
according to the lead used. This is presumably due to the fact 
that combustion takes place to a relatively greater extent in the 
case of the smaller lead, making it more difficult to see the flame 
at the same temperature. On the other hand, above a certain 
limit, the internal diameter of the lead does not appear to affect 
the results obtained with the other tubes. Surface action appears 
to be negligible in the case of ether-air mixtures of any appreciable 
concentration if the tube has a diameter of at least 4 cm. That 
the longer time taken to heat the larger bulk in a wide tube made 
little difference in the case of ether-air mixtures of concentration 
greater than about 4 per cent, was proved by adding l - 5 per cent, 
of the products of combustion of an ether-air mixture to a 5 per 
cent, mixture of ether in air. The sub-ignitxon-temperature was 
only raised 2°. It was found that no difference in sub-ignition- 
temperature could be detected when purified ether was replaced 
by the commercial article. It is interesting to note from the shape 
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of the curve in Fig. 2 that the ignition of ether-air mixtures by 
this method, depending as it does on the preliminary production 
of the cool flame, appears to be a molecular process requiring only 
a certain intensity of molecular movement for its production. The 
form of curve connecting minimum igniting current with composi¬ 
tion of ether-air mixture appears to be quite different. 

In Fig. 3 can be seen the sub-ignition-temperatures of certain 
ether-alcohol-air mixtures as determined in the 2 cm. and 4 cm. 



Percentage of ether in mixture. 

A. 2 cm. tube, 1 and 3 mm. leads. 

B. 4 cm. tube, 3 mm. lead. 

C. cm. tube, 3 mm. lead. 


tubes. The number of points shown on each curve is not great, 
owing to the fact that the general form of the curves had been 
previously found when using’ smaller leads. Each point on the 
diagram is the mean of three determinations agreeing to within 
2° in the case of temperatures below 220° and to within 5° in the 
case of temperatures above this point. 

A. consideration' of the results given shows that the sub-ignition- 
temperature of an ether-alcohol-air mixture falls very rapidly 
when the amount of ether in the mixture is increased from 1 to 2 
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per cent. This drop is seen to take place with- a smaller per¬ 
centage of ether in the case of the 4 cm. tube, and in both tubes 
with a smaller percentage of ether in the case of the mixture con¬ 
taining the smaller amount of alcohol. The curves also indicate 
the manner in which the addition of alcohol to an ether-air mix¬ 
ture affects the sub-ignition-temperature. The elevation in stib- 
ignition-temperatures is roughly proportional to the amount of 
alcohol present provided the ether-content lies between 2 and 5 per 



cent. For comparison, some results, obtained with 4 and 5*5 cm. 
tubes, are given in table II. 

Table II. 

Showing the Sub-ignition-temperatures of Various Ether-Alcohol- 
Air Mixtures containing 2 per cent, of Alcohol, as determined 
in 4 and 5*5 cm. Tubes . 


Sub-ignition-temperature for 


Percentage of 
|ether in 

5*5 cm. tube. 

4 cm. tube. 

mixture. 

5 mm. lead. 

• 3 mm. lead. 

3 mm. lead. 

I 

495° 

500° 

470° 

2 

220 

222 

217 

3 

207 

210 

203 

5 

201 

205 

197 
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The sub-ignition-temperature determined with the O’5 cm. tube 
is seen to be higher in every case than that obtained with the 
4 cm. tube. This is probably due to the fact that, owing to the 
larger diameter of this tube, the time of heating is necessarily 
longer, and hence slow combustion occurs more readily. 

With this tube, too, a slight but perceptible difference in sub- 
ignition-temperature is obtained when using 3 mm. and 5 mm. 
leads, as shown in table II. 

It was seen that in the case of dilute mixtures of ether in air 
the size of lead used, if small, affected the temperature obtained. 
This effect was exceedingly marked in the case of ether-alcohol-air 
mixtures containing little ether. With small leads, it was found 
impossible to obtain consistent results. For instance, for a mix¬ 
ture of 2 per cent, of alcohol and 1’25 per cent, of ether in air, 
when using a 1 mm. lead with the 4 cm. tube, a flash would 
occasionally be obtained below 300°, bnt one could only be certain 
of an ignition well above 400°. It was found, however, that if 
the cock connecting the tube and reservoir was turned on slowly, 
no ignition was ever obtained below 400°'. These-differences 
vanished when leads of 3 mm. or more were used. 

The sub-ignition-temperatures of various alcohol-air mixtures are 
given in table III. 

Table III. 

Showing the Sub-ignition-temperatures of Various Alcohol—Air 
Mixtures as determined in 2 cm., 4 cm., and 5*5 cm. Tubes* 

Sub-igration-temperature for 
Percentage of /■——-— - 1 -- —•—— 


alcohol in 

2 cm. tube 

4 cm. tube 

5$- cm. tube 

mixture. 

(3 mm. lead). 

(3 mm. lead). 

(5 mm. lead). 

2 

515° 

500° 

520° 

3 

505 

490 

505 

4 

485 

470 

600 

5 

480 

465 

495 


In the 4 cm. tube an explosion was often obtained with 4 and 5 
per cent, alcohol-air mixtures at 485°. The evidence as to the 
slower heating of the gaseous mixture in the largest tube is con¬ 
firmed by the figures given here, as the temperatures found in the 
case of the largest tube are higher than those for the smallest. 
It thus appears from the above figures that the nearest possible 
approach to the correct sub-ignition-temperature of an ether- 
alcohol-air mixture is obtained by means of a 4 cm. tfibe. It 
was found that almost identical results were obtained in the 2 cth, 
and 4 cm. tubes, whether 2 or 3 im. leads were used, and that it 
was not important whether a 3 or 5 mm. lead was used for the 

3 I* 



1.476 


WHITE AND PRICE : THE IG-NITION 'OF 

5 5 cm. tube. The siib-ignition-temperatures considered most 
likely to be correct are summarised in table IV. 


Table IV. 

Showing the Sub-ignition-temperatures of Various Ether-Alcohol— 
Air Mixtures. 

Percentage composition of mixture by volume. 


, —-— 


—-- S 

Sub-ignition- 

Ether. 

Alcohol. 

Air. 

temperatures. 

3—15 

0 

97—85 

187° 

8 

2 

90 

189 

4 

2 

94 

198 

3 

2 

95 

203 

2 

2 

96 

217 

1 

2 

97 

470 

8 

4 

88 

194 

4 

4 

92 

206 

3 

4 

93 

220 

2 

4 

94 

255 

1 

4 

95 

465 

0 

2 

98 

500 

0 

3 

97 

490' 

0 

4 

96 

470 

0 

5 

95 

465 


The sub-ignition-temperatures of some aeetone-air mixtures as 
determined in tubes of various diameters were found to vary in a 
manner similar to those of alcohol-air mixtures. The results given 
below were obtained when using a tube 4 cm. in diameter with a 
3 mm. lead. 


Table V. 


Showing the Sub-ignition-Temperatures obtained for some 
Acetone-Air Mixtures. 


Percentage of acetone 
in acetone-air mixture. 
4 
8 

Saturated at 15° 


Sub-ignition- 

temperature, 

500° 

500 

505 


The ignition found for acetone was very faint at the sub-ignition- 
temperature, but grew in intensity very rapidly as the temperature 
of the tube increased. 

Influence of Pressure.— During the course of preliminary work 
on the determination of sub-ignition-temperatures of ether—air 
mixtures, it was found that consistent results were not obtained 
for successive experiments when the mixture in the reservoir was 
pot renewed after each determination. This was apparently due 
to change of pressure inside the reservoir. Several experiments 
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were therefore made in which the pressure in the reservoir was 
reduced by pumping out the gas-mixture before firing, and it was 
found that when the pressure in the reservoir after an experiment 
was plotted against the sub-ignition-temperature determined, the 
curves shown in Fig. 4 were obtained. Other mixtures tested in 
the same way gave precisely, similar results, and it was finally found 


Fig. 4. 





that the easiest method of determining the accurate sub-ignition- 
temperature of any given mixture under 760 mm. pressure was by 
starting with a gas-mixture under about 900 min. pressure and 
plotting a small portion of the pressure-sub-ignition-temperature 
curve. The results given in Fig* 2 were obtained in this way. It 
will"''.''be''''-observed''’-^iliait the minimum sub-ignition-temperature 

3 1*2 
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appears to be given at a lower pressure in the case of a mixture] 
rich in ether than in the case of a dilute mixture. This is prob¬ 
ably due to the fact that there is a minimum quantity of ether 1 
per unit volume necessary to give visible luminosity under any 
given conditions. 

Influence of the Material of the Tube. —A consideration of the 
results obtained with various tubes shows that it was impossible to 
eliminate surface action entirely, probably owing to the fact that 
in the case of the larger tube the heating of a body of gas is 
necessarily slower. It thus became a matter of importance to dis¬ 
cover whether the material of the tube had any influence on the 
result obtained. The simplest method of effecting this appeared 
to be by fitting a glass tube with a thin sleeve of the material under 
test. Accordingly, the 4 cm. tube was fitted with sleeves long 
enough to project beyond the furnace on either side, these sleeves 
being made of various metals that might conceivably be used in a 
manufacturing plant in the presence of gas-mixtures such as those 
considered. The results obtained are given in table VI. 

Table VI. 

Showing the Eesults obtained for the Sub-ignition-temperature of 
Ether-Air and Alcohol—Air Mixtures in a 4 cm. Tube provided 
with an Internal Metallic Sleeve. 

Sub-ignition-temperature. 


Material of 4-3 per cent. 10*5 per cent. 5 per cent, 

sleeve. of ether in air. of ether in air. of alcohol in air. 

Glass..... 187° 187° 465° 

Copper . 175 175 420 

Iron .. 178 178 400 

Lead....... 180 180 —• 

Sine .. 184 184 — 

Galvanised iron . 184 184 — 


The figures given for copper and iron in the case of the alcohol- 
air mixture can only be regarded as rough approximations, owing 
to the rapidity with which these metals oxidised at the tempera¬ 
ture necessary for ignition. When the metal 11 was oxidised to any 
appreciable extent, different results were obtained. For instance, 
the sub-ignition-temperature in the case of a copper sleeve oxidised 
in the course of ten experiments was 470°. In the case of both 
ether—air and alcohol—air mixtures, the ignition commenced as a 
cool flame, but was invariably ‘more violent in the presence of 
metals, more particularly copper and iron, than with glass. 

Influence of the Velocity of the Gas-mixture. —As the gases 
dealt with in solvent-recovery are generally in motion, it was 
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decided to investigate to some slight extent the effect of the velocity 
factor on the sub-ignition-temperatures obtained. Arrangements 
were therefore made by which the gas-mixture in a reservoir could 
be displaced by means of water, and the gas from, this reservoir 
made to displace the contents of a second reservoir. The gas- 
mixture from this second reservoir was passed into a 4 cm. tube 
120 cm. long, which was kept, at any desired temperature by mean? 
of an electric furnace. The far end was partly closed by means of 
a thick glass plate. It was found that once a steady state had been 
attained, the velocity of the gas in the tube could be measured 
sufficiently accurately by estimating the rate at which water was 
introduced into the first reservoir. An observer looking through 
the plate glass could easily see if ignition occurred. The sub¬ 
ignition-temperature for zero velocity was taken to be the lowest 
temperature at which ignition occurred after the gas supply had 
been cut off. The results obtained for two ether-air mixtures are 
given below in table YII. 


Table YII. 

Showing the Effect of the Velocity of the Gas-mixture flowing 
through a 4 cm. Tube on the Sub-ignition-temperature observed. 

4*5 per cent, of ether in. air. 14 per cent, of ether in air. 


Velocity in Sub-ignition- Velocity in Sub-ignition- 
cm. per second, temperature, cm. per second, temperature. 


0 

187° 

0 

186° 

6-0 

195 

1-0 

189 

12-5 

202 

5*5 

195 

— 

.— 

8*0 

197 

— 

— 

13*0 

202 


The experiments carried out were sufficient to indicate that for 
very small velocities, increase of velocity causes an elevation of the 
sub-ignition-temperature observed. The velocities dealt with on 
the manufacturing scale are, however, of a totally different order, 
ranging from 100 to 400 cm. per second in various pipes. 

Influence of the Presence of Glyceryl Trinitrate, Ethyl Eydrogen 
Peroxide, and Diethyl Peroxide in the Ether XIsed. —Several 
attempts were made to find if the presence of glyceryl trinitrate 
in an ether-air mixture affected the sub-ign it-ion-temperature. In 
no case was any such effect discernible. In the experiments for 
which the results are given in table YIII, the glyceryl trinitrate 
was introduced into the reservoir by passing the air used for making 
up the mixture through a calcium chloride tube in which glyceryl 
trinitrate was spread over glass wool, the tube and contents being 
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kept at 40° to 45°. Results obtained in a 2 cm. tube were similar 
to those given below, which were determined by using a 4 cm, 
tube. 


Table VIII. 

Showing the Effect of the Presence of Glyceryl Trinitrate, Ethyl- 
Hydrogen Peroxide, and Diethyl Peroxide on the Sub-ignition- 
temperature of Ether—Air Mixtures. 

Composition of Mixture. Sub-ignition-temperature. 

5-3 per cent, of ether in air .. 187° 

5*3 per cent, of ether and 1-5 per cent, of diethyl 

peroxide in air .... 189 

3-7 per cent, of diethyl peroxide in air . 189 

4*7 per cent, of ether and 0*5 per cent, of ethyl 

hydrogen peroxide in air . 182 

5*3 per cent, of ether in air saturated with glyceryl 
trinitrate at 20° .. 187 

The presence of glyceryl trinitrate did not appear to affect the 
flame given by the mixture, but the presence of the peroxides 
caused a very fierce flame and generally an explosion. 

It was considered inadvisable to try to determine the sub- 
ignition-temperature of ethyl hydrogen peroxide in air. The per¬ 
oxides were found to be exceedingly dangerous to handle; even 
diethyl peroxide exploded violently on one occasion during 
distillation. 


Section II. 

The Limits of Propagation of Flame in Ether-Alcohol-Air and 
A cetone-Air Mixtures. 

Many references are to be found in the literature to the limits 
of inflammability of mixtures of ether and alcohol with air, and 
some figures are also given for acetone-air mixtures. The limits 
determined by various workers are given below. 

Ether-Air Mixture .—Limits of inflammability. 

2*7 to 7*7 per cent, by volume (Brunswig, “ Explosives,” 
first edition, 1912, p. 73). 

50 to 60 grams per cubic metre for lower limit (Marchis, Met. 
and Chem. Eng,, 1916, 14, 190). 

2*9 to 7*5 per cent, by volume (Lewes, J. Soc. Arts, 1915, 761). 
2-9 to 7*5 per cent, by volume (Schwartz, "Fire and Explosion 
Risks,” first edition, p. 35). . 

0*058 to 0*195 gram per litre (Meunier, Gompt. rend., 1907, 
144,1107). . 
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Alcohol-Air Mixture. —•Limits of infl amm ability. 

4*0 to 13*7 per cent, by volume (Brunswig, loc. cit.). 

4*0 to 1.3*6 per cent, by volume (Lewes, loc. cit.). 

3*95 to 13*65 per cent, by volume (Bunte and Eitner, J. Gas- 
beleucht , 1901, 44, 835). 

3 to 8*4 per cent, by volume (Thornton, Proc. Boy. Soc., 1914, 
[. A.I 90, 280). 

A cetone-Air Mixture .—Limits of inflammability. 

5 to 12 per cent, by volume (Brunswig, loc. cit.). 

2*15 to 9*7 per cent, by volume (Wheeler and Whitaker, T., 

1917, 111, 267). 

It will be seen that the results obtained vary considerably, owing 
to the different conditions under which the experiments were carried 
out and the various igniting sources used. This is to be expected, 
as the conditions governing the propagation of flame were not 
properly appreciated until recent years. The definition now 
adopted is that suggested by Coward and Brinsley (T., 1914, 105, 
1859), in which inflammability is regarded as a specific property 
of a mixture, independent of the size and shape of the vessel in 
which it may happen to be contained, and also of any particular 
type of igniting arrangement. They propose to define a gaseous 
mixture as inflammable per se at a stated temperature and pressure 
if, and only if, it will propagate flame indefinitely, the unburnt 
portion of the mixture being maintained at the original tempera¬ 
ture and pressure. On this definition, inflammability is a property 
of the mixture itself, although a function of the temperature and 
pressure. Dilution-limits, however, rarely vary much throughout 
the usual range of variation of laboratory temperature and 
pressure. It will thus be seen that, in order to obtain satisfactory 
results in the estimation of dilution-limits, it is necessary to use a 
vessel (1) of such size that any cooling of the gas-flame by the 
walls can be neglected, and (2) of sufficient length to enable a 
sound judgment to be made'as to whether a flame would propagate 
indefinitely or no. 

For ©very gas-mixture examined, propagation-limits were deter¬ 
mined for three directions—upward, horizontal, and downward. 

Preliminary work seemed to indicate that in a glass tube 5 cm. 
in diameter, by using a sufficiently powerful initiator, it was 
possible to force a flame through a mixture below the limit of pro¬ 
pagation to the end of the tube, unless it was at least 120 cm. long. 
All the tubes for limit work were therefore made at least 150 cm. 
in length. 

The tubes consisted of: 

(1) Glass tubes 2*5 cm. in diameter. 
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(2) Glass tubes 5 cm. in diameter.' 

(3) An iron * tube 5 cm. in diameter. 

(4) An iron tube 15 cm. in diameter and 300 cm. long. 

The glass tubes and the 5 cm. iron tube were 150 cm. long. The 
glass tubes were closed at both ends by gas-tight stopcocks of 4 mm. 
bore, and a similar cock was fitted to one end of the iron tube, 
where a 5 cm. glass observation piece was cemented for observa¬ 
tion purposes. The cocks, in the case of the 15 cm. iron tube, were 
of brass and of 6 mm. bore. In this tube, inflammation was 
observed through three equidistant windows of thick plate glass, 
which were cemented into holders on the tube. These windows 
gave much trouble, and it was found impossible to render them 
gas-tight by using cement alone. Accordingly, caps were soldered 
over each window in such a way that, by inserting a 3'7 cm. rubber 
stopper into the observation hole left in the cap, the whole 
apparatus could be made gas-tight. ’ The stoppers were removed 
immediately before firing. This tube was filled by means of a 
filler similar to that shown in Fig. 1, the end of the filler being 
made to project well through a tightly fitting piece of rubber 
tubing drawn over one of the cocks. The filling was carried out 
precisely as described previously, a correction being always applied 
for the vapour of the solvent present in the air above the liquid 
in the filler. In the case of all the smaller tubes, the fillers were 
provided with ground-glass joints fitting pieces sealed on to the 
tubes concerned. All the air passed in to make up any mixture 
containing alcohol or acetone was carefully dried by passage 
through a calcium chloride tube. The calibration of the tubes was 
carried out by weighing the quantity of water necessary to fill 
them. Ignition was effected by passing a spark from an induction 
coil between two electrodes of stout platinum wire separated by 
an air'gap of 1 cm., the current being obtained from six 2-volt 
accumulators. In the glass tubes originally used, the platinum was 
sealed through the glass, but as good sealing glass became scarce, 
this was found to be impracticable, and the electrodes used for all 
the tubes consisted of platinum in glass mounted in rubber 
stoppers. The original method of mixing the gases was by allow¬ 
ing the tube to remain for several hours, but this became in¬ 
advisable when rubber was brought into contact with the solvent¬ 
laden air. A little mercury enabled efficient mixing to be carried 
out by‘shaking the tube, but it was found that this affected the 
i©suits obtained, and, finally, small glass beads were used. Com- 

This, and the other iron tubes used in the investigation, consisted of terne- 
plale, that is, sheet-iron coated with an alloy of lead and tin. 
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parative teats showed that, when using an adequate number of 
beads, shaking a 5 cm. tube for:twenty minutes gave satisfactory 
mixing. It was also shown that, under these conditions, the same 
results were obtained whether the electrodes were held by small 
rubber stoppers or were sealed through the glass. Throughout the 
course of the work, the only tube that caused trouble was the 
5 cm. iron tube. The various cements used for fastening the glass 
observation cap to the main body of the tube seemed to hold 
solvent, and the results' obtained for this tube cannot be considered 


Fig. 5. 



as trustworthy as those obtained with the others. The mixing of 
the contents of the 15 cm. iron tube was done very efficiently by 
rolling a 12'5 cm. perforated hollow copper ball from end to end. 

The apparatus used for determining the upper limit of propa¬ 
gation for alcohol-air and certain ether-alcohol-air mixtures con¬ 
sisted of a 5 cm. glass tube jacketed by enclosure in a wider glass 
tube, so that hot water could be continuously circulated round it. 
The arrangement used is shown in Fig. 5. 

Two sets of this apparatus were fitted up, one as shown in the 
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sketch, arranged for experiments on downward propagation/ with 
the electrodes at the same end of the tube as the ground-glass joint 
for filling the tube, and the other arranged for upward propaga¬ 
tion, in which, the electrodes were at the end away from the ground- 
glass joint. For horizontal propagation, either of the above tubes 
was used and placed horizontally before firing. Some difficulty 
was encountered in sparking the mixtures contained in this 
apparatus, but by enclosing the leads in glass tubes, this was finally 
overcome. Naturally, mixing in these tubes could only be accom¬ 
plished by allowing the tube to remain for some time. 

The procedure in the case of any mixture can be seen by a 
consideration of the results given below. 

j Experiment 21.—Glass tube, 5 cm. in diameter. 

Solvent mixture used, 75 per cent, of ether and 25 per cent, of 
alcohol (by weight). 


Lower limit, downward propagation. Temperature, 19*°. 
Percentage of solvent-vapour in gas-air mixture (by volume). 

2*70 . Complete ignition. 

2*40 ... Flame just started. 

2*60 . Complete ignition. 

2*50 ... Partial ignition, 

2*55 . Flame went nearly to 

the end. 

2*57 ..... Flame went very 

slowly to the end. 

Limit—2*57 per cent. 


In the case of a lower limit, an accuracy of O'02 per cent, was 
aimed at; in the case of an upper limit, 0-05 per cent, was taken. 
In every instance, just before firing, the cock furthest removed 
from the electrodes was opened to allow a free passage for the 
gases. When the limit of propagation was being determined for 
a mixture of ether and alcohol, a liquid containing the requisite 
proportions of these two solvents was made up and used. A test 
experiment showed that this gave the same result as was obtained 
•when the two solvents were weighed into the tube separately. 

Sther—Alcohol-Air Mixtures .—'The results obtained for ether- 
alcohol-air mixtures in glass tubes are shown in table IX. 

The experimental results obtained with the 2*5 cm. tubes are 
not so trustworthy as those determined in larger tubes, as can be 
seen from the results themselves. For example, the result obtained 
for the lower limit of an ether-air mixture is least for downward 
propagation, and other anomalies could be pointed put in the same 
way. These irregular results were probably due to the fact that 
it was only for downward propagation that the flame travelled 
more or less steadily. For upward, propagation, it was sometimes 









Table IX. 

Showing the Limits obtained for the Propagation of Flame in Ether-Alcohol-Air Mixtures as determined 

in Glass Tubes . 

The limit figures given show the percentage volume occupied by the total ether-alcohol vapour. 
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o 100 „ 18-95* . 4-24 13-80* 4*32 11-50* 4-44 

The figures marked thus were determined in the jacketed tube at 60°, and are, for this reason, not strictly comparable with 
the others, which were determined at air-temperature (20° ±2°). 
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obviously jerked out. Wheeler’s work has shown that only a very 
slight change in the limits takes place when the diameter of the 
glass tube is increased beyond 5 cm., so that this was the largest 
size of glass tube used. His work, however, was chiefly carried out 
with permanent gases. 

The most noticeable fact brought out in table IX appears to 
be the great difference between the results obtained for the upper 
limit for upward propagation and those obtained for propagation 
in other directions. These differences, which are normally due to 
convection currents set up by the flame, are not so great for per¬ 
manent gases. The difference between the upper limits for hori¬ 
zontal and for upward propagation is most marked, and it almost 
appears as if a different type of propagation were brought into 
being. It is quite conceivable that the heated gases, rising in 
the tube, are responsible for the initiation of a cool flame. 
The difference is not so great in the case of alcohol as it is for 
ether. 

The results for ether-alcohol-air mixtures in a 5 cm. glass tube 
are shown in Fig. 6. The results given for the upper limits were 
all determined at 60°. The graphed results for the lower limits 
and the upper limit for downward propagation form good 
approximations to straight lines, but this is not the case for the 
other two curves. At first sight, it seems very strange that, for 
the upper limit for upward propagation, the results for a mixture 
containing equal weights of ether and alcohol should be more than 
6 per cent, less than the corresponding figure for either ether or 
alcohol. A possible explanation appears to be afforded by an 
examination of the sub-ignition-temperature curves given in Fig. 3. 
From these, it will be seen that the addition of alcohol to an ether 
mixture raises the sub-ignition-temperature so that the slope of 
the two upper curves near the 100 per cent, ether point is in the 
direction to be expected. Similarly, the slope near the 100 per 
cent, alcohol point can be explained when it is remembered that 
it takes an appreciable quantity of ether to cause any decided 
lowering of the sub-ignition-temperature of an ether-alcohol-air 
mixture. That there is no apparent irregularity corresponding 
with that seen when the percentage of ether is between 1 and 2 
per cent, on the sub-ignition-temperature curves may be due to 
the fact that so few points have been determined on the limit 
curve; but it is far more likely to be due to the fact that the sub- 
ignition-temperature obtained for an ether-alcohol-air mixture 
containing, say, 2 to 2-5 per cent, of ether, is due solely to the 
ignition of the ether present, and that the alcohol takes little part 
in the reaction. These remarks do not apply to curve O, Fig, 6y 
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as in that case the flame obtained is undoubtedly that of ordinary 
combustion. 

-The limits of inflammability of a mixture of two or more gases 
with air are connected with the limits of the components of the 
mixture by Le Chatelier’s rule, which states that if n, n r , n" . . . 


Fm. 6 . 



100 

75 

60 

25 

0 



Percentage of ether. 



0 

25 

50 

75 

100 


Percentage of alcohol 

Composition of solvent mixture used {by weight). 


are the percentages of various combustible gases in a limit mixture 
which will just propagate flame, and N, N’, N 1 ' . . . the limiting 
percentages of the separate gases that can propagate flame, then 


n , n • , n 

N F" + N' 


= 1 . 


In table X are given the values for Le Chatelier’s constant, 
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calculated from the results found for various ether-alcohol-alr 
mixtures in 5 cm. glass tribes. 

Table X. 

Showing the Value obtained for Le Chatcliers Constant for 
Various Ether-Alcohol-Air Mixtures in 5 cm. Glass Tubes 


Direction of 25 ether. 
Limit, propagation. 75 alcohol. 


f Downwards 0-984 

Upper-| Horizontal ... 0-833 

I Upwards ... 0-646 

| Downwards 0-989 

Lower-! Horizontal ... 0-995 

{ Upwards ... 1 -004 


Maximum 
percentage 
variation 
from 
unity. 

3 
33 
41 
3 

0-992 1 

0-993 1-007 1 


at 20 ±2°. 


Value of constant in mixture of 
following percentage composition by 
weight. 


50 ether. 
50 alcohol. 
0-971 
0-774 
0-589 
0-967 
0-985 


75 ether. 
25 alcohol. 
0-983 
0-830 
0-663 
0-980 


The figures used for the upper limits in this table were all found 
at 60°, those for the lower being determined, as usual, within 2° 
of 20°. It will be seen that in all cases for the lower limit and 
for downward propagation in the case of the upper limit, Le 
Chatelier’s rule holds for mixtures of ether and alcohol with air, 
and consequently the limits for a mixture containing any propor¬ 
tion of ether and alcohol can be calculated with an error of not 
more than 3 per cent. For horizontal and upward propagation, 
however, the rule breaks down entirely. As would be expected, 
the greatest deviation from the rule always occurs for a 50 per 
cent, mixture. 

In table XI are given the results obtained when the same mix¬ 
tures were ignited in 5 cm. and 15 cm. iron tubes. The upper 
limits for ether-air mixtures are given in table XII. 


Table XI, 

Showing the Results obtained in Iron Tubes of 5 and 15 cm. 
Diameter for the Lower Limits for the Propagation of Flame 
in Certain Ether-Alcohol-Air Mixtures at 20±3°. 


Percentage composi¬ 
tion of solvent mix- 
, ture by weight. 

Diameter of 

Ether. 

Alcohol, 

tube in cm. 

100 

0 

' 5 

100 

0 

15 

75 

25 

15 

50 

50 

15 

25 

75 

15 

0 

100 

15 


Lower limits for propagation of flame. 


Upwards. 

Horizontal. 

Downward 

2*24 

2*29 

-2*34 

1-73 

1*80 

1*93 

2-24 

2*30 

2*46 

2*81 

2*89 

3*02 

3*48 

3*53 

3*69 

4*16 

4*23 

4*37 
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Table XII. 

Showing the Upper Limits for Propagation obtained for Ether- 
Air Mixtures in 5 and 15 cm. Iron Tubes. 

Value of limit and direction of pro¬ 
pagation. 

Diameter — - A -—- 

of tube. Upwards. Horizontal. Downwards. 

5 15-45 7-95 ’ 6-70 

15 23-30 22-30 6-50 

A comparison of these results with those given in table IX shows 
that for all three directions of propagation, the lower limit, as 
found for 5 cm. tubes, is greater when the tube is made of iron, 
as would be expected from the greater conductivity of this material. 
The reverse relation holds in the case of the upper limit obtained 
for ether-air for upward and horizontal propagation, but in the 
case of the downward propagation, the figure obtained for the iron 
is greater than that obtained for a glass tube of a similar size, or 
even for the 15 cm. iron tube. As this result appeared peculiar, 
a fresh determination of this limit was made, but the composition 
of the limiting mixture was found to be the same as that found 
in the first experiment. A comparison of the limits obtained in 
the 15 cm. iron tube with those previously determined (see tables 
IX, XI, and XII) is instructive. It will be seen that, in every 
case, the lower limit of a mixture is least in the case of the 15 cm. 
tube. The difference is very appreciable where a mixture contains 
a fair amount of ether, but is not so great where alcohol is present 
in excess. The upper limit, again, is always found to be greatest 
in the case of the 15 cm. tube, if we except the anomalous result 
obtained for downward propagation determined in the 5 cm. iron 
tube. These results may be due to a decrease in the cooling effect 
of the walls, or may possibly be due to turbulent motion in the 
gas caused by convection currents, as found by- Wheeler and Mason 
(T., 1917, 111, 1044) in the case of velocity of flame. An item in 
favour of the latter supposition is provided by the exceedingly 
high figure obtained for the upper limit for horizontal propagation 
in the 15 cm. tube. On the other hand, the flame observed in the 
case of upward and horizontal propagation in the 15 cm. tube 
resembled very closely the cool flame of ether, and the character¬ 
istic odour following such a flame was observed. The lower-limit 
results for iron tubes are shown graphically in Eig. 7. The figures 
in table XIII show that Le Qhatelier’s rule holds moderately well 
for the lower-limit results bUcalhed in the 15 cm. iron tube. 
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Table XIII. 

Showing the Value found for Le ChateUer’s Constant from the 
Figures obtained for the Lower Limit for Propagation, using 
Ether-Alcohol-Air Mixtures in the 15 cm. Iron Tube. 

Values of constant given by mistin'© of 


percentage composition by weight 

shown. Percentage 

—*—-- A --—“—■"» maximum 

Direction of 25 ether. 50 ether. 75 ether. variation 

propagation. 75 alcohol. 50 alcohol. 25 alcohol, from unity. 

Downwards .. 1-028 1-025 1-026 3 

Horizontal. 1-028 1*036 1-022 4 

Upwards .. 1-039 1*038 1-031 4 


Fig. 7. 



Percentage of alcohol. 

Composition of the ether-alcohol mixture used (by weight). 

A cetone-Ether-Air Mixtures.—Owing to the differences in 
results obtained for 5 cm. glass and 15 cm. iron tubes, particularly 
for ether-air mixtures, it was decided to determine the propaga- - 
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tioii of flame limits of certain ether-acetone—air mixtures in glass 
and iron tubes, as it was considered likely that results differing 
from those published by Wheeler and Whitaker (Joe. eit.') for 
acetone-air mixtures would be obtained. The results of our 
experiments are shown in table XIV, those of Wheeler and 
Whitaker being given in table XV. 

Table XIV. 

Showing the Propagation of Flame Limits obtained for Acetone- 
Ether-Air Mixtures, using Various Iron and Glass Tubes at 
20 ±2°. 

Percentage of solvent in limit mixture and 
Percentage com- direction of propagation. 

position of ,■—■—•———-*—■———~—-—> 

mixture by Material Upwards. Horizontal. Downwards. 

weight. and /— J -s .. ■* " - • 

—'-n diameter of Upper Lower Upper Lower Upper Lower 

Ether. Acetone, tube. limit, limit, limit, limit, limit, limit. 


0 

o 

o 

Iron 5 cm. 

— 

3-80 

~ 

3-90 

„ 

4-00 

0 

100 

Iron 15 cm. 

12-40 

2-88 

12-40 

2-89 

10-90 

3-11 

0 

100 

Glass 5 cm. 

12-20 

2-89 

9-15 

3-04 

8-35 

3-15 

25 

75 

„ 

11-20 

— 

8-55 

— 

7-75 

— 

50 

50 

„ 

11-70 

2-34 

8-25 

2-39 

7-25 

2-49 

75 

25 

„ ■ 

13-20 


8-15 

— 

6-65 

— 

100 

0 

»» 

15-75 

1-93 

8-00 

2-05 

6-15 

2*15 


Table XV. 

Showing the Propagation of Flame Limits as determined by 
Wheeler and Whitaker for Acetone-Air Mixtures in Glass 
Tithes of Various Diameters. 

Percentage of acetone in limit mixture and 
direction of propagation. 


Upwards. Horizontal. Downwards, 


Diameter of 
tube in cm. 

. 2-5 

Upper 

limit, 

7*5 

Lower 

limit. 

2-30 

Upper 

limit. 

6-7 

Lower 

limit. 

2-40 

Upper 

limit. 

6-5 

Lower 

limit, 

2-75 

6-0 

9-5 

2*20 

9-3 

2-25 

8*3 

2-40 

10-0 

9*7 

2-15 

9*5 

2-20 

8-5 

2-35 


It will be seen that our results differ considerably from those 
previously published. In most cases, they are considerably higher. 
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The explanation is almost certainly to be found in the fact that 
in our method the solvent was weighed directly into the tube, 
whilst in the other the acetone present in any mixture was 
estimated by analysis. That our method is the more accurate, as 
well as the easier, is obvious, but such a large discrepancy can only 
be explained by some abnormality in the behaviour of acetone 
during storage if the methods of analysis employed were not faulty. 
That such abnormal behaviour does take place when acetone vapour 
is stored over mercury is rendered extremely probable when the 
facts underlying the molecular association of acetone suggested in 
the paper by Wheeler and Whitaker are considered. 

In this connexion, too, a quotation from the above paper might 
prove instructive. When discussing the analysis of the mixtures 
used, the following statement is made: “A supply of air was 
saturated with acetone vapour at 15° and 760 mm., when it con¬ 
tained 13*5 per cent, (by volume) of acetone, and used as a stock 
mixture from which the experimental mixtures could be prepared 
by the addition of air. . . . Consistent results were obtained by 
either of the absorption methods of analysis. Thus, a mixture, 
Jen own to contain about 6*5 per cent, of acetone, gave on analysis: 

“ (1) Sodium hydrogen sulphite method . . . 6*50, 6*45, 6*54, 
6*55. 

“(2) Distilled water . . . 6*40, 6*56, 6*54, 6*50, 6*51, 6-51. 

a Absorption by distilled water seemed, therefore, to afford a 
sufficiently accurate method of analysis.” 

The mixture “known to contain about 6*5 per cent, of acetone ” 
was apparently made up hy diluting the requisite quantity of the 
stock solution with a calculated volume of air. The accuracy of 
the method of analysis appears to be assumed from the fact that 
results approximating closely to the calculated figure were obtained. 
An examination of published figures for the vapour pressure of 
acetone at 15°, however, shows that a stock solution of air saturated 
with acetone vapour at this temperature at 760 mm. pressure would 
contain more than 19 per cent, of acetone (by volume), tile vapour 
pressure of acetone at 15° being given by Sameshima (J. A mer. 
Ohem. Soc., 1918, 40, 1482) as 147 mm. Extrapolation from 
Regnault’s results gives a very similar figure—about 150 ram. 
Raising Wheeler and Whitaker's results in the ratio of 19 :13*5 
would often bring them much nearer to those obtained by us. 

The results obtained for lower limits in the 15 cm. iron, tube are 
strikingly similar to those obtained in a 5 cm. glass tube (see 
table XIV), and for upward propagation the upper limits are also 
vevv near. There are, however, very marked differences in the 
other figures given for the upper limits. It is worthy of note that 
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the upper limits for upward and horizontal propagation are here 
identical in the case of the 15 cm. tube. The results obtained 
when using the 5 cm. iron tube show clearly what a large effect 
the conductivity of the material of the tube has in this case. The 
results obtained in 5 cm. glass tubes for the propagation of flame 
limits of ether-acetone-air mixtures are shown graphically in 


Fig. 8. 



Percentage of acetone. 

Composition of solvent mixture used [by weight). 


Fig. 8. It will be noticed that the upper-limit curves present the 
peculiarities commented on in the case of ether-alcohol-air 
mixtures, although to a less extent. 

The figures given in table XVI show that Le Chatelier’s rule 
holds moderately well for ether-acetone-air mixtures, except in 
the case of the upper limit for upward propagation. 
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Table XVI. 

Showing Values obtained for Le ChatelieVs Constant for the Limits 
for Propagation, using Ether-Acetone-Air Mixtures in the 
5 cm. Glass Tube at 20±2°. 


Value of constant given by mix¬ 
ture of percentage composition by 

weight shown. Percentage 

-- x . [maximum 



Direction of 

25 ether. 

50 ether. 75 ether. 

variation 

Limit. 

propagation. 

75 acetone. 

50 acetone. 25 acetone. 

from unity. 

Upper 

Downwards 

0-997 

1-005 0-997 

1 

Upper 

Horizontal 

0-962 

0-959 0-981 

4 

Upper 

Upwards 

0-875 

0-866 0-910 

13 

Lower 

Downwards 

— 

0-952 — 

5 

Lower 

Horizontal 

— 

0-953 — 

5 

Lower 

Upwards 

~ 

0-987 — 

1 


Influence of Temperature. —The influence of temperature on the 
limits of inflammability of gaseous mixtures has been studied by 
Bunte and Roszkosski (/. Gasbeleucht 1890, S3, 491, 524, 535, 
553), Taffanel ( Gompt. rend., 1913, 157, 595), Burrell and Robert¬ 
son (United States Bureau of Mines, Technical Paper No. 121, 
1916), and Mason and Wheeler (T., 1918, 113, 45). The experi¬ 
mental work of Bunte and Roszkosski appears to have been 
defective, but the other workers found that the inferior limit of 
inflammability of methane-air mixtures was lowered by increasing 
the temperature of the gas-mixture before ignition. Mason and 
Wheeler also showed that the upper limit of inflammability of 
methane-air mixtures became much greater under these conditions, 
so that increasing the original temperature of the gas widens the 
limits of inflammability of methane-air mixtures. This would .be 
expected from the fact that the self-propagation of a flame through 
a combustible mixture is only possible when the heat due to the 
reaction between the combining gases is sufficient to make up for 
losses due to radiation, conduction, and convection, whether the 
heat lost is dissipated or utilised in raising adjacent layers of the 
gas to the inflammation temperature. The heat of reaction neces¬ 
sary and the heat dissipated must obviously be less in the case 
where the original temperature of the gaseous mixture is higher. 
A few figures are given below to show to what extent the limits 
of inflammability are affected by temperature. 
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Table XVII, 


Showing some Results obtained by Mason and Wheeler for the 
Downward Propagation of Flame in Mixtures of Methane 
and Air. 


Initial 

temperature. 

' 20 ° 

100 

200 

300 

500 

700 


Lower limit, 
600 

5- 45 

6- 05 
4-40 
3‘65 
3-25 


Upper limit. 
13-40 
13-50 

13- 85 

14- 25 
15*35 
18*75 


In the circumstances, it was decided that it would be unnecessary 
to do more than find the change in the upper limit of ether-air 
mixtures with, temperature. These experiments were carried out 
in the jacketed tube utilised for the upper limits of alcohol and 
ether-alcohol-aii\ mixtures. The results obtained are shown in 
table XVIII. It will he seen that a decided rise in the upper 
limit for propagation takes place when the initial temperature of 
the mixture is raised through 40°. 

Table XVIII. 

Showing how the Upper Limit for the 'Propagation of Flame Varies 
with the Initial Temperature of the Ether-Air Mixture Used. 


Direction of 

propagation. Limit at 20°. Limit at 60°. 

Upwards .. 15*75 17*05 

Horizontal ... 8*00 13*00 

Downwards ... 6-15 7*45 


Influence of Pressure. —The influence of pressure on the limits 
of inflammability of gases over any large range is by no means easy 
to predict, although it is well known that the lower limit of in¬ 
flammability of many gas-air mixtures increases at ^diminished 
pressures. Terras and Plentz (J. Gasbeleucht., 1914, 57, 990, 
1001, 1016, 1025), Burrell and Robertson (Joe. cit.) y and Mason 
and Wheeler (loc. cit.) have investigated the effect of pressure on 
the limits of inflammability of mixtures of methane with air. The 
general conclusions to be drawn from their work appear to be that, 
below atmospheric pressures, decreasing the pressure narrows . the 
limits of inflammability, but that above atmospheric pressure, 
increasing the pressure raises both the limits of inflammability. 

The work done by us was confined to pressures at or below atmo¬ 
spheric pressure, and the results are shown in table XIX and XX. 
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Table XIX. 

Showing the Influence of Pressure on the Limits for Horizontal 
Propagation of Flame in Ether-Air Mixtures, 


Pressure, in mm, 

Percentage of ether in mixture. 

At lower limit. At upper limit. 

770 

1-87 

— 

751 

— 

12*90 

600 

— 

10*50 

520 

— 

9*20 

460 

1*88 

— 

450 

— 

8*20 

420 

— 

7*90 

400 

— 

7*80 

300 

1*92 

7*30 

200 

2*08 

(5*80 

100 

2-33 

6*10 

50 

2*99 

5-00 


Table XX. 

Showing the Influence of Pressure on the Limits for Downward 
Propagation of Flame in Ether—Air Mixtures. 


Pressure in mm. 

Percentage of ether in mix¬ 
ture at lower limit. 

600 

6*20 

500 

6*20 

400 

6*20 

300 

6*20 

200 

5*90 

100 

5*50 

50 

No ignition. 


It will be noticed that the results obtained near atmospheric 
pressure in the case of these experiments differ appreciably from 
those found by the ordinary method as given in table IX. This 
is due to the fact that all the experiments given in tables XIX. 
and XX were carried out with both cocks closed. The type of 
ignition obtained was also very different; for instance, the ignitions 
obtained when determining the upper limit for horizontal propaga¬ 
tion under 600 and 751 mm. pressure were characteristic, slow, cool 
flames which could not be seen except in a totally darkened room. 
It was found that any attempt to determine the limits for pro¬ 
pagation of ether-air mixtnres for pressures greater than atmo¬ 
spheric in the glass tubes available merely shattered the tube. 
The curves given by , plotting pressure against the percentage of 
ether in the limiting mixture are given in Fig. 9. That for hori¬ 
zontal propagation is interesting. It was at pressures above that 
at the peculiar bend marked x that the cool flame became notice- 
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abb. Below this pressure the flame was of a green colour and 
traversed the tube very rapidly in a manner similar to that noticed 
for the lower limit at corresponding pressures. 

Influence of Velocity .—-Under present-day conditions of solvent- 
recovery, a good portion of the solvent-air mixture is often in rapid 
motion. It therefore became a question of determining, so far as 
was possible in the laboratory, the effect of velocity on the limits 
of propagation of solvent-air mixtures. Owing to the fact that no 


Fig. 9. 



real approximation to manufacturing conditions could be attained, 
the work done was confined to ether—air mixtures. 

It has long been known that a moving mixture of combustible 
gas and air, too weak to propagate flame, can carry a cap of flame 
to a great distance from an igniting source. Wheeler has also 
proved that a mixture below the lower limit of propagation/ when 
in a quiescent state, can often inflame when agitated. The speed 
of propagation of flame is also notably dependent on the degree of 
mechanical agitation of a mixture, and various experiments on the 
effect of agitation on gas-mixtures and on the rate of development 
of pressure when gas-mixtures are ignited are given by Clerk and 
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Hopkinson (Rep. Brit. Assoc., 1912, 200), Clerk (" Ganet Lecture, ’ 
Junior Institution of Engineers, 1913), and Wheeler (this vol., 
p, 81). So far as we know, however, no figures have as yet been 
given for the effect of the velocity of a gas-mixture on the limits 
of its propagation of flame. 

The methods used for moving the mixture and determining its 
velocity were those described under sub-ignition-temperature. 
Great care had to be taken in determining the upper limit for pro¬ 
pagation against the gas-cnrrent, as the flame passed with great 
velocity down the 10 mm. bent glass tube joining the limit tube to 
the reservoir. This gave very little time for preventing the flame 
from getting into the reservoir. The results obtained are given in 
table XXI. 

i 

Table XXI. 


Showing the Effect of the Linear Velocity of an Ether-Air Mixture 
on its Downward Propagation of Flame Limits , as determined 
in a 5 cm. Glass Tube at 20 ±2°. 


Flame moving in the direction of gas current. 


Percentage of ether 
in mixture at 


Percentage of ether 
in mixture at 


Velocity in cm. per sec. 

lower limit. 

0 

2*13 

1 

1*97 

3*5 

1*95 

9 

1*95 


upper limit. 
6*15 
6*40 
6*50 
6*65 


/ 


Flame moving against the gas current. 


0 2*13 6*1.5 

1 6*25 

3*5 — 6*26 

9 — 6*25 


It was found to be impossible to find the lower limit of propaga¬ 
tion when the flame was moving against the stream, as it merely 
became a question of the velocity of the stream as compared with 
that of the flame in the mixture used. It will be seen from the 
upper portion of the table that the velocity of the gas-current 
affects very appreciably the percentage mixture which will pro¬ 
pagate flame. That a portion of this change is due to turbulence 
caused in the gas, however, appears to be very likely, for, in the 
cases tried, when the flame moves against the gas-current with any 
real velocity, the upper limit is always the same. 

The figures given for zero velocity in table XXI are those found 
with one coek closed in the ordinary manner. As conditions are 
slightly different when both cocks are open, it was decided to-.try 
such an experiment. The upper limit found under these conditiohs 
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was 6*30 per cent., but the convection due to the flame probably 
caused this figure to be a little high, on account of the air drawn 
into the tube during the passage of the flame. It almost appears 
as if, when a flame is travelling against a gas-stream, the turbulence 
due to the velocity of the stream practically balances the effect 
of that velocity in hindering the propagation of flame. 

Influence of the Presence of Glyceryl Trinitrate, Diethyl 
Peroxide, and Ethyl Hydrogen Peroxide. 

In the experiments to determine the effect of glyceryl trinitrate 
on the limits of propagation for ether-air mixtures, the mixture 
used was charged with glyceryl trinitrate, as described under the 
experiments on the determination of sub-ignition-temper attires. 
The results obtained when using ether-air mixtures containing 
diethyl peroxide and ethyl hydrogen peroxide are given in 
table XXII. 


Table XXII. 


Showing the Effects on the Limits of t Propagation of Flame of 
adding Amounts of Glyceryl Trinitrate, Diethyl Peroxide, and 
Ethyl Hydrogen Peroxide to Certain Ether-Air Mixtures . 


Direction of 


Mixture used 

Percentage of 
ether in limit 

propagation. 

Limit. 

(with air). 

mixture. 

Upwards . 

Lower 

Ether. 

1-93 

Downwards ... 

Upper 

„ 

2*15 

n 


6-15 

Upwards . 

Lower 

Ether saturated with glycciyl 

1*95 

Downwards ... 

Upper 

trinitrate at 20°. 

Diethyl peroxide. 

0*15 


Lower 

2*3d 


» 

Ether containing 25 per cent, of 

2*18 


Upper 

diethyl peroxide by weight. 

10*1 


Lower 

Ether containing 10 per cent, of 
80 per cent, ethyl hydrogen 
peroxide by weight. 

2*17 


Upper 

6*5 


The peroxides of ether are calculated as ether in making up the 
percentage volume occupied by the solvent in the limiting mixture. 
It will be seen that glyceryl trinitrate appears to have no effect 
on either limit, and that the peroxides have little effect on the 
lower limit, but that they raise the upper limit very appreciably. 

The glyceryl trinitrate did not appear to affect the flames given, 
but the flames, when peroxides were present, were invariably fiercer 
than when ether alone was used, except, perhaps, at the extreme 
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Section III. 

Investigation of Various Means of Ignition. 

A series of experiments was carried out in which, sparks obtained 
by various means were used for attempting to ignite ether-alcohol- 
air mixtures. It was found that steel to steel, emery to steel, and 
pyrites to steel sparks appeared to be unable to cause the inflamma¬ 
tion of any of the many mixtures tested. Ferro-cerium to steel 
sparks, however, ignited most mixtures very readily. The igniting 
powers of a small gas flame and a moderately powerful electric 
spark appeared to be of the same order, and both almost invariably 
gave rise to ordinary combustion, the limits of propagation of flame, 
being naturally identical in the two cases. In the case of ether- 
alcohol-air mixtures, quick heating of a mixture, up to, but not 
far above, its sub-ignition-temperature, seemed to give rise to a 
cool flame which had limits for propagation varying from those of 
ordinary inflammation. 

The Cool Flame .—The difference in propagation-limits for the 
two methods of combustion was particularly noticeable in the case 
of concentrated ether-air mixtures, as the flame travelled easily 
through a 20 per cent, mixture in a horizontal tube 4 cm. in 
diameter, although the upper limit for the propagation of ordinary 
combustion in a 5 cm. tube would be 8 per cent. No deter¬ 
minations of the limits for propagation of a cool flame were made, 
but experiments carried out for other purposes indicate that it is 
unlikely that such a flame could propagate downward through, a 
mixture containing much more than 6 per cent, of ether. This 
flame was occasionally observed when electrical ignition was utilised, 
more particularly with high concentrations of ether or low 
pressures. It appeared, as stated by Perkin, to require very little 
oxygen, and the products of combustion were characteristic. It 
was found that the addition of less than 1 per cent, of oxygen to 
a mixture of 9 per cent, of ether in nitrogen was sufficient to give 
luminous combination below 220°. The increase of temperature 
caused by this flame in a mixture containing less than 3*5 per cent, 
of ether and heated to its sub-ignition-temperature was insufficient 
to be indicated by the fine thermo-couple registering the tempera¬ 
ture of the gas in the ignition tube. The increase of pressure 
caused by it was also very small. This was measured roughly by 
its effect on a column of mercury so arranged that after ignition 
the mercury in both limbs of a U-tube would b© level. The mean 
of three experiments with a 3*9 per cent* mixture gave a momentary 
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increase of pressure equal to 3 or 4 cm. Mixtures containing more 
ether gave far greater pressures. 

It was found that a 03 cm. mesh iron gauze, or a 0-2 cm. mesh 
brass gauze, prevented the passage of a cool flame down a glass 
tube 7 cm. in diameter. 


Discussion of Results. 

The sub-ignition-temperature figures given above agree fairly well 
with, ignition-temperatures previously published for alcohol and 
acetone. The sub-ignition-temperature given for ether-air mix¬ 
tures, however, whilst agreeing almost exactly with the ignition- 
temperature given by Alilaire, differs notably from the other figures 
available. The difference is probably to be accounted for by the 
fact that in the methods employed to obtain these, no account was 
taken of the cool flame of ether-—the cool flame of alcohol can only 
be obtained near the temperature at which an explosion or ordinary 
combustion occurs directly. This may be justifiable and necessary 
in the determination of ignition-temperatures, but involves the 
neglect of a phenomenon which can, and very often does, give rise 
to ordinary combustion under suitable conditions. Moreover, these 
conditions are precisely those liable to obtain during solvent- 
recovery on the manufacturing scale, namely, the presence of a 
large volume of the solvent-air mixture and some degree of 
confinement. 

That ordinary combustion of a dangerous nature could be caused 
by heating an ether-air mixture in glass tubes to 187° was proved 
again and again when using 4 and 5*5 cm. tubes, particularly if 
the percentage of solvent lay between 5 and 9. That this result 
was a genuine one was proved by stopping a current of ether in 
air flowing along a glass tube kept at 187°. Ignition of the ether 
occurred in every case. The method employed to determine sub- 
ignition-temperatures thus appears to be a practical one, and also 
has the advantage of being easily adaptable to determine the effect 
of substituting for glass any material that might be used in 
manufacture. 

The ignition observed by Alilaire must indubitably have com¬ 
menced as a cool flame. The temperatures necessary to obtain 
such a flame in mixtures containing fair quantities of ether, as 
shown by us, are fairly near the temperatures attainable in a steam- 
heated building, particularly when it is considered that the presence 
of metals lowers the sub-ignition-temperature appreciably. On the 
other hand, the results previously obtained for the ignition- 

3 K* 
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temperature of ether-air mixtures are far above those one can 
conceive of being attained in such a building, except in the most 
extraordinary circumstances. 

The results show that a quiescent gas appears to be more easily 
ignited than one in motion, but the experimental work covers only 
a very small range of velocities, and in any case the propagation 
of flame is more easily and qnickly carried out by gas in motion. 

The presence of glyceryl trinitrate in a gas-mixture, as was 
anticipated from its amount, does not seem to affect the tempera¬ 
ture of sub-ignition or the limits of propagation of flame. The 
peroxides sometimes present in ether in very small amounts can, 
however, affect both its ignition and its propagating qualities if 
present in sufficient quantity. Our work seems to indicate that 
their influence in causing primary ignition could only he inappreci¬ 
able, although it is quite conceivable that they could well affect 
the change from cool to ordinary flame. 

Reduction of pressure appeared to cause a lowering of the sub¬ 
ignition-temperature of the mixtures examined, but the effect of 
pressure alone within the range of variation of atmospheric pressure 
can scarcely have a practical influence on the ignition of the 
solvent-air mixtures, as for ether-air, for example, a reduction of 
pressure of 10 cm. near atmospheric pressure caused a variation in 
the sub-ignition-temperature of less than 2°. 

The only phenomenon that could be expected to reduce the sub¬ 
ignition-temperature of ether-alcohol-air and ether-air mixtures 
below the clanger limit is thus that described as shock ignition. 
With a difference of pressure of less than half an atmosphere, it 
was possible by this method to ignite a gas-mixture at least 170° 
below its sub-ignition-temperature, so that it is quite conceivable 
that the development of sudden differences of pressure on the manu¬ 
facturing scale might easily be the determining factor in bringing 
about ignition of the solvent-laden air. Exactly how this is to be 
brought about can only he conjectured, as our inside knowledge 
of gas-ignition, particularly as regards this fresh phenomenon, is 
very limited. The present work has shown how many accidents 
could happen, but much remains to be done before any sound 
explanation can be given of such a conflagration as was described 
in The Times of March 28th, 1919, when a bottle of ether exploded 
in a military hospital at Southage, According to the same report, 
explosions of bottles of ether are of somewhat frequent occurrence. 

The results given in the older work for the limits for propaga¬ 
tion of flame in ether-air mixtures are 1* 8 per cent, and about 
9 per cent,, the latter being apparently far out, whilst those for 
alcohol-air mixtures agree fairly well with our results, particularly 
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as regards the lower limit. The change from 5 cm. glass to 15 ’em. 
iron tube affects the results for the upper- limit for horizontal and 
upward propagation in ether—air mixtures very materially, the 
limits becoming well over 20 per cent, in each case, instead of 
8 per cent, for horizontal propagation and 16 per cent, for upward 
propagation. The extreme limits determined for ether-air mix¬ 
tures are thus 1*73 and 23'30 per cent. The upper limit for pro¬ 
pagation in alcohol—air mixtures in 5 cm. glass tubes was found to 
be 18*95 at 60°. As this figure was well above the highest con¬ 
centration of alcohol vapour obtainable during normal recovery, 
there was no point in repeating this in the 15 cm. iron tube. The 
lower limit of propagation for alcohol-air mixtures was only very 
slightly altered in the large iron tube, falling from 4*24 per cent, 
in the 5 cm. glass tube to 4*16 per cent. 

The results for the propagation of flame in ether-alcohol-air 
mixtures obtained during this investigation are distinctly interest¬ 
ing. It is found that Le Chatelier’s rule holds for all directions of 
propagation for the lower limit, and for the upper limit, for down¬ 
ward propagation. The rule does not hold for the other two direc¬ 
tions of propagation for the upper limit, the discrepancies being 
very considerable in the case of upward propagation. Wheeler’s 
work on acetone-air mixtures has already been discussed, and it 
may suffice here to state that the limits given by him are 2*15 and 
9*7 per cent., our results being 2*88 and 12*40 per cent. The lower 
limit of 5 per , cent, given by Brunswig is obviously -wrong, bub the 
upper-limit figure of 12 per cent, is very near that found by us. 

It will be seen that the effect of temperature and pressure on 
the limits for the propagation of flame in ether-air mixtures is 
quite material. The influence of the velocity of the gas-current 
was not examined throughout a sufficient range to enable sound 
conclusions to be drawn as to its effect under manufacturing con¬ 
ditions, but it is fairly clear that a margin must be allowed for 
this factor when dealing with the limit results obtained. The 
presence of 1 per cent, of the peroxides of ether in ether-air mix¬ 
tures appears to have no appreciable effect on the lower limit for 
the propagation of flame, and it is by no means likely that there 
would be sufficient peroxide present under practical conditions to 
affect the upper limit materially. 


Summary. 

Th© soap-bubble method described by McDavid (loc. cit.) gave 
for. the ignition-temperature of ether-air mixtures results varying; 
from 859° to 1068°. The method seemed to be untrustworthy. 

3 K* 2 
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The other method used seemed to give the minimum temperature 
at which the reaction in a combustible gas-mixture became self- 
supporting —called the sub-ignition-temperature. This temperature, 
which appears to be the one required from a safety point of view, 
was 187° for ether-air mixtures in glass, and varied from 187° to 
about 500° for the different ether-alcohol-air mixtures used. It 
was about 500° for acetone-air mixtures. The presence of appreci¬ 
able quantities of metal in the vessels used lowered the sub- 
ignition-temperature . 

Decrease of pressure appeared to reduce the sub-ignition- 
temperature of a mixture, but the presence of small quantities of 
glyceryl trinitrate or of diethyl peroxide had little effect on the 
sub-ignition-temperature of ether-air mixtures. The sub-ignition- 
temperature of such mixtures was lowered by the presence of ethyl 
hydrogen peroxide. The effect of slight velocities seemed to be to 
raise the sub-ignition-temperature of ether-air mixtures. 

When an exhausted vessel is quickly put into communication 
with a reservoir containing ether-air or carbon disulphide-air 
mixtures, under specified conditions the gas can be ignited at the 
ordinary temperature. This phenomenon has been termed shock 
ignition. 

The limits for the propagation of flame in mixtures of ether- 
alcohol-air and ether-acetone-air have been determined in 2*5 and 
5 cm. tubes of glass and in 5 and 15 cm. tubes of iron. The 
extreme limits found were 1*73 and 23‘30 per cent, for ether-air 
mixtures, 4T6 and 18‘95 per cent, for alcohol-air mixtures, and 
2‘88 and 12’40 per cent, for acetone-air mixtures. The upper 
limit for propagation in alcohol-air was determined at 60°. 
Figures obtained with the 15 cm. iron tube often differed appreci¬ 
ably from those obtained with 5 cm. glass tubes. 

Le' Chateliers rule was found to hold fairly well for etlier- 
alcohol-air mixtures, except for horizontal and upward propaga¬ 
tion in the case of the upper limit. The only considerable devia¬ 
tion from the rule in the case of ether-acetone-air mixtures was 
observed for upward propagation and the upper limit. 

Increase of temperature was found to raise the upper limit for 
propagation in ether-air notably, and reduction of pressure was 
found to narrow the limits. Increase in the velocity of the gas- 
mixture widened the limits materially. The presence of the per¬ 
oxides of ether scarcely affected the lower limit of propagation in 
ether-air, but any considerable quantity raised the upper limit of 
such a mixture. 

It was found impossible to ignite ether-alcohol-air mixtures by 
means of steel to steel, emery to steel, or pyrites to steel sparks, but 
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inflammation was readily obtained when using ferro-cerium to steel 

sparks. 

Many of the properties of ether-air mixtures appear to be 
explained by the formation of a cool flame. 

.Further work is contemplated on the phenomenon referred to 
as shock ignition. 

We desire to express our thanks to Messrs. Nobel’s Explosives 
Co., Ltd., for whom the work was carried out, and particularly to 
Mr. W. Rintoul, Manager of the Research Section, for kind per¬ 
mission to publish our results. We also wish to thank Mr. A. W. 
Sanderson for assistance in carrying out some of the experimental 
work. 
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CXXXIX .—The Conductivities of Iodoanilinesulphonic 
Acids. 

By Mary Boyle. 

No systematic study of the halogen-substituted derivatives of the 
anilinesulphonie acids seems to have been attempted. Eight out 
of the ten possible monochloro-, about five of the monobromo-, and 
three monoiodo-derivatives have been described by P. Fischer, 
Post, Meyer, Bahlmann, etc., but in some cases the constitution is 
left uncertain and in most others there is merely a simple state¬ 
ment of the preparation and properties of individuals ; owing to 
the incomplete character of the group, no comparative study of 
either the chloro-, bromo-, and iodo-substxtuted derivatives or of 
the different members of a group of acids substituted by one par¬ 
ticular halogen has been possible. It was thought that it might 
be interesting to study one particular property throughout a com¬ 
plete series, in order to determine how the value of that property 
is affected by the position in the nucleus taken by the halogen 
relative to the two other groups present. The series chosen was 
that of the iodoanilinesulphonic acids, and the property that of 
electrical conductivity. 

So far, however, it has not been found possible to prepare the 
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ten possible 
constitution, 

isomerides, but the 
are now known: 

following eight, 

of establi 
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/^so 3 h 

i/NsOjH 
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I 1 s 
\/ 

! X/ Jso s h 
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(I.) 
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(IV.) 

NH g 

NIL 

nh 2 
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A 

ll x/ is0 3 H 

1 X/ Jso 3 h 

1 I 
\/ 

SO s H 

U 1 

ao g H 

(V) 

(VI.) 

(VII.) 

(VIII.) 


The aeries of chloroanilinesulphonic acids described by P. Fischer, 
Meyer, Clans, Goslieh, Limpricht, etc., corresponds closely with the 
above, except that the chloro-analogue of III is unknown, and that 
a 3-chloroamline-2-sulphonie acid described by Post and Meyer has 
no counterpart, up to the present, among the iodine compounds. 

2-Iodaanilin@-4-sulphomc acid (VII) was described in a patent 
by Kalle & Co. (D.R.-P. 129808), and its constitution established 
in 1909. 

4- Iodoaniline-2-sulphonic acid (I) and 34odoaniline-4-sulphonic 
acid (VIII) were described by the author in 1909 (T., 95, 1689, 
1709). 

The others have been prepared from various nitroaniliiiesulphonie 
acids, as described below. 

5 - Iodoaniline-2-sulphomc acid (II) was obtained from p-nitro- 
anilme-m-sulphomc acid by treating it with iodine chloride, remov¬ 
ing the amino-group, and subsequently reducing the nitre-group. 


no 2 

N0 2 

NO, 

/\S0 S H _ 
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/\= 
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\/ 

\/ 
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NIL 


II 


( y°” h 

\/ 


G-Iodoanilme-2-sitlphomc acid (III) was prepared with more 
difficulty, and, small quantities only have been obtained. The 
p-nitroaniline-o-sulphonic acid described in 1911 (T., .99, 325) gave, 
when treated with iodine chloride, an iodo-derivative, for which 
only one configuration is possible. Seduction of the nitre-group 
gave a diaminosulphonic acid, which, by the loss of one amino- 
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group, could yield two different iodoanilinesulphonic acids, as 
figured below: 


Nil,, 

NET, 

mi 2 
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. i/Nso,h 
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Considerations of steric hindrance would suggest the first as the 
more probable reaction, and that it does take place exclusively is 
proved by the conversion of the iodoanilinesulphonic acid into the 
well-known 2 ; 3-di-iodobenzenesulphonic acid. 

4-7 odoati4!me-Z-mlphonic acid (IV) and 5-iodoaniline-B~sulphonic 
acid (V) were both obtained from, p-mtroaniline-o-sulphonic acid 
by submitting it to the following series of reactions : 
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j /N pO # H /NS0 2 H 

/ \/ \y 

/ N 0 2 nh 2 
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G - 1ddoamlme-3~sulph omc acid (VI) was obtained by a similar 
series of reactions from o-nitroaniline-p-sulphonic acid. 


SO, 


no 2 

,hO" H - 


NO, 

SH, 


' A 1 
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(VI.) 


These acids resemble each other in appearance, being well 
characterised, colourless substances crystallising from water in 
needles. They vary somewhat in solubility in water, the 6-iodo- 
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aniline-2-suIphonic acid being readily soluble, most of the others 
giving Nj 32- — N / 64-solutions, and 3~iodoaniline-4-sulphonic acid 
dissolving sparingly. The latter acid crystallises with one molecule 
of water; the rest are anhydrous. 

In the experiments on conductivities, the main difficulty ex¬ 
perienced was in the accurate determination of the strength of the 
acid solution. The unsubstituted anilinesulphonic acids were first 
investigated, the pure acids being either (1) weighed out to the 
required strength, or (2) titrated with standard alkali and diluted 
to the required strength; the two methods were found to give 
identical results when special precautions in the standardisation of 
materials were taken. The numbers obtained in the case of the 
three anilinesulphonic acids are all higher than the corresponding 
lumbers obtained by Ostwald ( Zeitsch. phi/sikol. Ghem. 1889, 3, 
106), Winkelblech (ibid., 1901, 36, 546), White and Jones (Amer. 
Ghem. 1909, 42, 520), and Wheeler and Jones (ibid., 1910, 44, 
159). It is to be noted, however, that these higher values give a 
better dissociation constant than do the earlier and lower ones. 
For example, for aniline-p-sulphonic acid, Ostwald gives a mean 
X = o*Sl x 10~ 4 , showing a maximum variation of 0*8 xlO -5 , 
Winkelblech a mean X = 6*2 x 10~ 4 with a variation of 2*3 x 10~ 5 , 
Wheeler and Jones a mean X — 6*55 x 10~ 4 and variation 1*7 x 10" 5 , 
and the author a mean X = 7*05xl0~ 4 with a variation of 
0*6 x 10~ 5 . 

For aniline-o-sulphonic acid, the mean value X~4*29 x 10~ 3 , as 
against Ostwald’s X = 3*21 x 10~ 3 , and for aniline-m-sulphonic acid 
the value IT = 2*11 x 10~ 4 , as against Ostwald’s X —1*85 x 10” 4 and 
Wheeler and Jones’ K =1*97 x 10— 4 , have been obtained. 

The introduction of iodine into the nucleus increases the con¬ 
ductivities of the acids very considerably, bringing them into the 
category of strong acids, which do not obey Ostwald’s dilution law; 
in the case of some of the aniline-wa-sulphonic acids only can a 
value of K which is even approximately constant he obtained. It 
is the position of the iodine relative to the amino-group which is 
the determining, factor; whether in the meta- or para-position the 
effect in increasing the strength of the acid is approximately the 
same, hut when in the ortho-position the effect is very marked. 
The influence of the amino-group in diminishing the strength of 
the sulphonic acid is almost entirely neutralised by the ortho- 
substituted iodine, and the iodoamino-sulphonic acid is found to 
conduct to the same extent as benzenesulphonic acid itself. A com¬ 
parison, of 6-iodoaniline-2-sulphonic acid with aniline-o-sulphonic 
acid and with benzenesulphonic acid shows this clearly. 
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SO s H<^>. 

S0 8 H<( \ 

so 3 h/ ' 


H,N ' 

H 2 NI 


V, 

A„. 

A„. 

A„. 

32 

109-5 

— 

321-07 

04 

144-1 

340-0 

— 

128 

183-4 

34S-2 

350-47 

256 

225-8 

353-1 

— 

5X2 

265-0 

356-7 

356-38 

1024 

299-5 

357-8 

359-03 

2048 

— 

— 

354-22 


The figures for benzenesulphonic acid are those given by Wight- 
man and Jones (Amer. Chem. J., 1911, 46, 56). 

The three following tables give the conductivities of the iodo- 
substituted acids side by side with those of the unsubstituted acid 
from which they are derived. 


A niline-o-sulphonic A cid, 

I 


SO s H<^ ^>. S0 3 U<^ \ SO s H<^ ^>1. sq 3 h<^> 



H 2 N 

I 

h 2 f 

h 2 n ' 

V. 


A*. 

A„. 

Aii. 

32 

109-5 

— 

— 

— 

64 

144-1 

340-0 

— 

— 

128 

183-4 

348*2 

309-5 

289-6 

256 

225-8 

353-1 

333-2 

320-9 

512 

265-0 

356-7 

348-7 

341-6 

1024 

299-5 

357-8 

357-4 

355-0 


A mline-m-mlphonic A cid, 


1 l_ 

so 3 h/ )>. so 3 h<->. so 3 h/~\. so s h/ )> . 

“NH, TTH s ~NH 2 ~NH s 


V. 

K- 

A v . 

A„. 

K X 104 K- 

K x 104 

32 

28-15 

— 

— 

— 

— ■■■ 

—. 

64 

39-12 

242-3 

115-3 

23-5 

73-98 

8*30 

128 

54-01 

286*4 

149-5 

23-0 

99-14 

8-15 

256 

73-98 

319-3 

191-2 

23-5 

130-2 

8-02 

512 

99-28 

342-2 

235-5 

24-1 

167-8 

7-94 

1024 

131-5 

358-2 

279-9 

— 

210-4 

8-00 




K= 


K*= 



2-11 X 10"4 


23-5x10-4 


8-08X10- 

"4 


Ostwald’s value A a-, =356 has been used in calculating the dis¬ 
sociation constants of the anilinesulphonic acids, and A^ =360 for 
oalpulating those of the iodpauilinesulphonic acids. 
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Ai 

lilin e-p - sulphonic A cid. 



S0 8 h/ \nH,. SO,h/ ^>NH r 

HOM( Nn ri „. 



I 

1 

t?. 

K- 

a 8 . 

A„. 

32 

49*73 

266*7 

—. 

64 

68*30 

301*9 

— 

128 

92*54 

329*5 

—. 

256 

122*9 

347*4 

228*7 

512 

159*4 

360*0 

268*4 

1024 

200*7 

366*2 

302*7 

The' 

same screening 

of the amino-group is 

brought about by 


other groups than iodine, for example, bromine, the nitro-group, 


hydroxy-group, etc., although none is quite so effective as iodine. 
From the literature on the subject of conductivities of acids, the 
following data have been selected as bearing out what has been 
shown to be true of iodo-substituted acids. 

Bromo-derivatives of AnUinesulphonic Acids. 

The acid containing bromine in the ortho-position with respect 
to the amino-group has a greater conductivity at all dilutions than 
the one with bromine in the para-position. 

Br_ 

S0 3 H<^ ^>Br. 

~n t h 2 x nh 2 


V. 

A„. 

A,„ 

64*0 

70*0 

_ _ 

73*5 


224*4 

128*0 

92*3 

_ _ 

147*0 

_ 

351*8 

256*0 

122*5 

_ _ _ 

294*0 

512*0 

157*4 

276*5 

588*0 

— 

296*3 

1024*0 

197*5 

_ 

1176*0 

Br 

312*6 

Br 


SO s H<^ ^>Br*. 

so 3 h<( \ 


h 2 V 

H 2 N Br 

V. 

A„. 

A„. 

109-8 

_ 

338 

219*6 

_. 

343 

278*0 

338 


439*2 

— 

346 

556*0 

346 

_ 

878*4 

_ 

348 

1112*0 

351 . 
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Hydro art/-derivatives of Anilineml'phonic Acids. 

OH 

SQ 3 H<J> . SO g H<^)OH. 
nh 2 nh 2 


V, 

V 

X„. 

64 ' 

— 

26-5 

128 

— 

36-9 

256 

16-0 

51-0 

512 

22-4 

69-8 

1024 

31-3 

125-0 


Here the same thing is observed, although both acids have a 
smaller conductivity than the unsubstituted metanilic acid. 


Alkyl Derivatives of Anilinesulplionic Acids. 


The introduction of methyl into aniline-m-sulphonic acid gives 
results in harmony with the above. 


•tra¬ 


V. 

\ v . 

V 

32 

12-6 

-— 

64 

17-7 

42-3 

128 

24-7 

56-8 

256 

34*5 

77-2 

512 

47-7 

104-6 

1024 

— 

137-5 


in the case of amline-o-sulphonic acid, however, the position of 
the substituted group in the nucleus seems to make practically no 
difference to the conductivity value. 


CH a 

so 3 h<^ . s °3 h vI/ ■ 

H 2 V" H 2 rCH 8 


V. 

x*. 


32 

53-9 

51*0 

64 

73-7 

69-9 

128 

99-5 

94-6 

256 

131-4 

125-2 

512 

169-1 

162-5 

1024 

210-9 
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Halogen Derivatives of Anilinesvlphomc Acids. 

Iodine is more effective than bromine in neutralising the effect 
of the amino-group, and bromine than chlorine. This is seen from 
a consideration of the three following tables: 

S0 3 h(“)l S0 3 h/ ^Br. 

■ ~nh 2 nh 2 


V. 


A„, 

64-0 

243-3 

_ 

73-5 

— 1 

224-4 

128-0 

286-4 

i* -- 

147-0 


[251-8 

236-0 

319-3 

'} — 

294-0 

» — 

276-5 

512-0 

342-2 

f — 

588-0 

— 

296-3 

1024-0 

358-2 

_ 

1176-0 

__ 

312-6 


I 

Br 


S0 3 h/ \ . 

so 3 h<“\ . 


nh 2 

nh 2 

V. 

a*. 

A,. 

64-0 

73*98 

70-0 

128-0 

99-14 

92-3 

256*0 

130-2 

122*5 

512-0 

167-8 

157-4 

1024-0 

210-4 

197-5 


qi_ 

Br 


S03H \__/ C1 ' 

S0 8 H<^ ^>Bi\ 


~*H 2 

kh 2 

V. 

A.. 

A*. 

64-0 

_ 

_ 

71-9 

—. ■ 

262 

128-0 

130*0 

_ 

143-8 

— 

289 

256-0 

158-4 


287-6 

. -- 

313 

512-0 

189-2 

; _ 

575-2 

_ . 

329 

1024-0 

227*9 


1150-0 

— 

340 

2048-0 

268-5 
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Expbb imental. 

Preparation of the Acids. 

4-Xodoaniline-2-sulphonie acid was prepared from aniline-o- 
sulphonic acid according to the method previously described (T., 
1909, 95, 1698). After repeated crystallisations, the acid still 
possessed a faint violet tinge (Found: C = 24'03j H = T99. Calc.: 
C = 24'07; H = 2*00 per cent.). 

Solubility. —One hundred grams of water dissolve 0'51 gram of 
the acid at 25°. 

5 -/ odoaniline-2-sulphonic Acid. —The method of preparation 
consists in (a) introducing iodine into p-nitroaniline-m-sulphonic 
acid, ( b ) displacing the amino-group by hydrogen, (c) reducing 
the nitro-group. 

(a) Preparation of §-IodoA-mtroaniline-%sulphonic A cid .— 
Fifteen grams of 4-nitroaniline-3-sulphonic acid, prepared by Eger’s 
method from aniline-m-sulphonic acid (Ber., 1888, 21, 2581), were 
dissolved in a large volume of boiling water, a little hydrochloric 
acid was added, and 11*2 grams of iodine chloride were then passed 
into the solution, which was kept at 90—95°. Experiments were 
carried out at lower temperatures, but the sparing solubility of the 
acid enabled only small quantities to be worked up at a time, and 
the yield was only inappreciably increased. The reddish-yellow 
solution, after remaining for half an hour, was evaporated to a 
very small bulk, when the dark yellow acid separated on cooling. 
A yield of 20*4 grams, amounting to 87 per cent, of the theoretical, 
was obtained. 

(b) Preparation of 4:-Iodo-2-nitrobenzenesulphonic Acid .— 
Fifteen grams of the above acid were diazotised in sulphuric acid 
solution by means of 3 grams of sodium nitrite. The sparingly 
soluble diazo-compound was then boiled with alcohol under a reflux 
condenser, and the dark-coloured residue, after removing the 
alcohol, was dissolved in water, neutralised with sodium carbonate 
and boiled with animal charcoal * the yellow filtrate deposited, on 
concentration, long, yellow needles, which became opaque on 
exposure to air. The yield amounted to nearly 70 per cent, of the 
theoretical. 

(c) j Preparation of b-Iodoaniline-2-sulphonic A cid .-—The nitro- 
acid was reduced, as usual, with stannous chloride at 100°. There 
was ]ittle apparent action, the solution retaining its yellow colour, 
but when the yellow solid which was precipitated on cooling Was 
dissolved in sodium carbonate, a white amino-acid was obtained 
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from this solution by adding concentrated acid. Proof of its struc¬ 
ture was obtained by replacing the amino-group by iodine and 
converting the di-iodobenzenesulphonic acid into a chloride melting 
at 75°. and identical with 2 :4-di-iodobenzenesulphonyl chloride; 

0-1341 gave 0-1181 C0 2 and 0-0248 H 2 0. C = 24'01; H-2-05. 

C 6 H 6 0 3 NIS requires C = 24-07; H = 2-00 per cent. 

Solubility. —One hundred grams of water contain O’26 gram of 
acid at 25°. 

Q-Iodoaniline-2-sulphonic Acid. —6-IocIo-4-nitroaniline-2-sulphonic 
acid (T., 1911, 99, 330) was reduced with stannous chloride at 100° 
to Q-iodo-j)-phenylenediamine-2-sulphomc acid , which is a white, 
crystalline substance sparingly soluble in water. A small quantity 
(2:5 grams) was diazotised in the minimum amount of sulphuric 
acid by adding 0-55 gram of sodium nitrite (theoretical amount for 
one amino-group is 0*53 gram); the dark yellow diazo-compound 
was then collected and boiled with alcohol. After evaporating off 
the alcohol and boiling the neutralised residue with animal char¬ 
coal, the filtered solution and the amino-acid precipitated from it 
were still somewhat coloured. This amino-acid has not yet been 
obtained in a colourless condition; it crystallises in pale brown 
needles from water, in which it is rather readily soluble. Its con¬ 
version into 2:3-di-iodobenzenesulphonyl chloride, melting at 127°, 
confirmed its constitution: 

0-1937 gave 0*1701 C0 2 and 0-0370 H 2 0. C = 23-95; H=2T1. 

C 6 H c 0 3 NIS requires C=24-07; H—2*00 per cent. 

4 -Iodoaniline-Z-sulphonic Acid .—Nineteen grams of ^ 7 -nitro- 
aniline-o-sulphonie acid (T., 1911, 99, 324) were diazotised in 
sulphuric acid solution by 5*7 grams of sodium nitrite, and the 
bright yellow diazo-compound was decomposed by potassium iodide. 
A voluminous yellow precipitate of potassium 2-iodo-o-nitrobenzcne- 
sulphonate separated at once from the hot solution, and, was 
collected and well washed with cold water. This salt was suspended 
in concentrated hydrochloric acid and reduced with stannous 
chloride, the completion of the reduction being readily ascertained 
by the change in colour and in the appearance of the crystalline 
product. The amino-acid was purified, as usual, by precipitating 
it with concentrated acid from its solution in sodium carbonate. 
It separates from a concentrated aqueous solution in small, spark¬ 
ling crystals, from more dilute solutions in fine, transparent needles. 
Its conversion into 2:5-di-iodqbenzenesulphonyl chloride, melting 
at 132°, afforded proof of its constitution: 
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0-1871 gave 0-1644 C0 2 and 0*0331 H 2 0. 0 = 23*96; H = l*97. 

C fi H 6 0 3 NIS requires 0 = 24*07; H = 2*00 per cent. 

Solubility. —One hundred grams of water contain 1*36 grams of 
anhydrous acid at 25°. 

5 -/ odoanilme-3-stdphonic acid was prepared from p-nitroaniline- 
o-sulphoiiic acid through 6-iodo-4-nitroaniline-2-sulphomc acid by 
(1) removing the amino-group, (2) reducing the nitro-group. 
When the diazo-compound was boiled with alcohol, nitrogen was 
evolved rapidly, and, after about forty-five minutes, a clear, pale 
yellow solution was obtained, from which, on concentration, pale 
yellow crystals separated; these were neutralised with sodium 
carbonate, and the sodium salt was recrystallised. Sodium 3 4odo- 
b-nitrobenzcnesulphonate was dissolved in hydrochloric acid and 
reduced with stannous chloride at 100°; precipitation of the amino- 
acid as a cream-coloured, crystalline mass followed ‘almost immedi¬ 
ately. The acid,. dissolved in alkali and reprecipitated by mineral 
acid, was then repeatedly crystallised from hot water, separating in 
line, white needles: 

0*1778 gave 0-1569 C0 2 and 0*0326 H 2 Q. 0 = 24*07; H,=2*Q3. 

G 6 H c 0 3 NIS requires C — 24*07; H=2*00 per cent. 

Solubility .—One hundred grams of water dissolve T31 grams of 
anhydrous acid at 25°. 

The constitution of the acid was established by replacing the 
amino-group by iodine and converting the resulting di-iodobenzene- 
sulphonic acid into 3:5-di-iodobenzenesulphonyl chloride, which 
crystallised from ether in needles melting at 93°. 

6Jodoanilme-3-sulphonic A ctd.~ -o-Nitroaniline-p-sulphonic acid 
was prepared (1) by nitrating sulphanilic acid according to 
Nietzki’s method (Bcr., 1885, 18. 294), (2) by sulphonating o-nitro- 
aniline by Hardtung’s method {Annalen , 1881, 206, 96). After 
displacing the amino-group by iodine, and subsequently reducing 
the nitro-group, the iodoaminosulphonic acid was obtained as a 
grey powder, which crystallised from a large bulk of water: 

0-2075 gave 0*1833 C0 2 and 0*0388 H 2 0. C = 24*09; H = 2*07. 

C 6 H g 0 3 NIS requires C = 24’07; 11 = 2*00 per cent. 

Solubility .•—One hundred grams of water contain 0*48 gram of 
acid at 25°. 

2~Iodoaniline-4-sulphonic acid was prepared as previously 
described (T., 1909, 95, 1693) (Found: 0 = 24*03; H = 2*ll. 
Calc.: C = 24 - 07; H = 2*00 per cent.}. 
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Solubility .—One hundred grains of water dissolve 2'07 grams of 
the anhydrous acid at 25°. 

3 -lodo ani.line-4-sulphonie acid was prepared by reducing 2-iodo~ 
4 -uitrobenze nesulphonic acid (T., 1909, 95, 1708) by means of 
stannous chloride. The reduction proceeded rapidly on the water- 
bath, and was complete in less than an hour. The iodoamino-acid, 
precipitated from its solution in alkali by concentrated mineral 
acid, was recrystallised from water several times, separating in 
fine, transparent needles containing one molecule of water of 
crystallisation: 

01861 gave 0-1552 C0 2 and 0*0425 H 2 G. C=22*74; H = 2*53. 

C 0 H g O 3 NIS,H 2 O requires C = 22*71; H = 2*52 per cent. 

Solubility .—One hundred grams of water dissolve 0*194 gram of 
anhydrous acid at 25°. 

Conductivity experiments were carried out in Ostwald cells in 
a thermostat at 25°. An ordinary Wheatstone bridge, carefully 
calibrated, and standard resistances were employed. The con¬ 
ductivity water was obtained by distilling first with acid, then with 
alkaline permanganate, finally alone, in the ordinary form of 
apparatus, consisting of tin distilling flask, block-tin .condenser, 
and Jena-glass receiver. In making the solution of the acid for 
conductivity measurements, excess of the acid was shaken vigorously 
in a Jena-glass flask with conductivity water and allowed to remain 
for some time. The solid was then filtered off and the filtrate 
titrated against standard sodium hydroxide of slightly less 
strength; the solution was then diluted to that strength. Standard 
flasks, pipettes, and burettes were used throughout. 

In the preparation of the standard solutions, conductivity water 
was used throughout. Nj 10-Sodium hydroxide was titrated 
against N j 10-hydrochloric acid which had previously been standard¬ 
ised by means of pure sodium carbonate, and each solution was 
then diluted to iV/32, iV/64, N/ 128, iV/256, and titrations of one 
against the other were carried out in order that errors introduced 
by the hydrolysis of the indicator, phenolphthalein, at such con¬ 
siderable dilutions should be obviated. The results of experiments 
carried out under these conditions agreed well with those obtained 
by weighing out the add directly and dissolving it in the requisite 
amount of water. After one set of results had been obtained, the 
add was recrystallised and the conductivity again determined; the 
recrystallisations and subsequent determination of conductivity 
were repeated until consecutive experiments gave identical results; 
in this way, the purity of the add was guaranteed. In some cases, 
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ten crystallisations had to be carried through before satisfactorily 
concordant, results were obtained, 

Further experiments on the conductivities of the anilinesulphonic 
acids are being carried out, and it is hoped that the results may 
shortly be ready for publication. 

I wish to express my thanks to Miss E. E. Field for valuable 
help given during the course of this investigation. 


Royal Holloway College, 
Engleeield Greek, 
Surrey. 


[Beceived, October 8th, 1919.] 




INDEX OF AUTHORS’ NAMES. 


TRANSACTIONS. 1919. 


A. 

Abram, Harold Hotting. See Thomas 
Marlin Lowry. 

Allmand, Arthur John, and' Wilfrid 
Gustav Polack, the free energy of 
dilution of aqueous sodium chloride 
solutions, 1020. 

Applebey, Malcolm, Percival, sodium 
hypochlorite, 1106. 

Armstrong, Edward Frankland, and 
Thomas Percy Hilditch, conversion of 
the simple sugars into their enolio 
and ethylene oxide forms, 1410. 

Aston, Francis William, a simple form 
of apparatus for estimating the oxygen 
content of air from the upper atmo¬ 
sphere, 472. 

E. ’ 

Barnes, James Hector, obituary notice 
of, 409. 

Barratt, Sydney, and Alan Francis 
Titley, the catalytic reduction of 
hydrogen cyanide, 902. 

Batey, John Percy, obituary notice of, 
408. 

Baxter, Robert Reginald, and Robert 
George Fargher, l:3-benzodiazole- 
arsinic acids and their reduction pro¬ 
ducts, 1872. , 

Bennett, George Macdonald, the nitra¬ 
tion of diphenylethylenediamine, 576. 

Blount, Bertram, and James Harry 
Sequeira, £ ‘blue John’* and other 
forms of fluorite, 705. 

BottsMd , William Robert, mixtures of 
nitrogen peroxide and nitric acid, 45. 

Boyd, David Runciman, and (Miss) 
Doris Fettham Thomas, the velocities 
of combination of sodium derivatives 
of phenols with olefine oxides. Part 
JX, 1239. 

Boyle (Miss) Mary,; the conductivities 
of iodoanilinesulphonic acids, 1505. 

.cxv, ; 


Briggs, Samuel Henry Clifford, 
chromatoeobaltiammines. 67. 
the theory of duplex affinity, 27S. 

Burrows, George Joseph, the rate of 
hydrolysis of methyl acetate by hydro¬ 
chloric acid in water-acetone mixtures. 
1230. 

Burrows, George Joseph, and Eustace 
Ebenezcr Turner, the constitution of 
the nitroprussides. Part I. Conduc¬ 
tivity and cryoscopie measurements, 
1429. 

C. 

Carpenter, Charles William. See 
Hubert Frank Coward. 

Challenger, Frederick. See Percy 
Faraday Frankland. 

Chapman, David Leonard, and William 
Job Jenkins, the interaction of acetyl¬ 
ene and mercuric chloride, 847. 

Chapman, David Leonard, and John 
Reginald Harvey YVhiston, the inter¬ 
action of chlorine and hydrogen ; the 
influence of mass, 1264. 

Chatterjee, Nihar Ranjan. See Rasik 
Lai Batta,. 

Clewer, Hubert William Bentley . See 
John Augustus Goo&son. 

Cofman, Victor, the active substance in 
the iodinatiou of phenols, 1040. 

Coward, Hubert Frank, Charles William 
Carpenter, and William Payraan, the 
dilution limits of inflammability of 
gaseous mixtures. Part III. The 
Tower limits of some mixed inflam¬ 
mable gases with air. Part IV. The 
upper limits of some gases, singly and 
mixed, in air, 27. 

Coward, Hubert Frank, and Stanley 
Pierce Wilson, the equilibrium between 
carbon, hydrogen and methane, 1380. 

B. 

Das, Ananda Kisore, and Rrojendra 
Math Ghosh, condensation of deoxy- 
.benzoin and aldehydes, 817. 

3 L 



1520 


INDEX OF AUTHORS. 


Das, Radha Kishm. See (Sir) PrafuUa 

Chandra Ray. 

Datta, llcisih Lai, and Nihar Ranjan 
Cliatterjee, the temperature of explo¬ 
sion for endothermic substances, 1006. 

De, Rajendralal, polar and non-polar 
valency, 127. 

Dean, George, trustworthiness of the 
balance over long periods of time, 
S26. 

Denham, Henry George, the sub-acetate 
and sub-sulphate of lead, 109. 
the preparation of cadmium suboxide, 
556. 

Denham, Henry George. See also Stewart 
Byron Watkins. 

Dey, Biman Bihari, and Mahendra 
Hath Goswami, tj/-l :8-;sonaphthoxaz- 
ones, 531. 

Dick, Charles William, obituary notice 
of, 408. 

Dick, James Scott. See James Colguhoun 
Irvine. 

Donnan, Frederick George, and William 
Edward Garner, equilibria across a 
copper ferrocyanide and an amyl 
alcohol membrane, 1313. 

Durrant, Reginald Graham, the inter¬ 
action of stannous and arsenious 
chlorides, 134. 


E. 

Early, Reginald George, and Thomas 
Martin Dowry, the properties of 
ammoniu m nitrate. Part I. The 
freezing point and transition-tempera¬ 
tures, 1387. 

Evans, Frederick Page. See Gilbert 
Thomas Morgan. 

Evens, Eric JJoddrell. See Gilbert 
Thomas Morgan. 

Everest, Arthur Ernest, [in part with 
Harold Rogersonj, the preparation of 
diacetonamine, 588. 


F. 

Fargher, Robert George, substituted 
phenylarsinic acids and their reduction 
products, and the estimation of arsenic 
in such compounds, 982. 

Fargher, Robert George, and Frank Lee 
Pyman, nitro-, arylazo-, and amino- 
glyoxalines, 217. 

the abnormal behaviour of glyoxaline- 
carboxylic esters and anilides to¬ 
wards diazonium salts, 1015. 

Fargher, Robert George. See also Robert 
Reginald Waxier. 


Fawsitt, Charles Edward, the freezing 
point of solutions, with special 
reference to solutions containing 
several solutes, 790. 
the use of freezing-point determina¬ 
tions in quantitative analysis, 801. 
Forster, Martin Onslow, ami Hans 
Spinner, studies in the camphaue. 
series. Part XXXVII. Aryl deriva¬ 
tives of imino- and amino-camphor, 
889. 

Foster, George Carey, obituary notice of, 

412. 

Fox, Francis William. See John 
Addyman Gardner. 

Frankland, Percy Faraday, Frederick 
Challenger, and Noel ^ Albert 
Nicholls, the preparation of mono* 
methylamine from chloropicrin, 
159. 

the preparation of monomethyl* 
aniline, 198. 

Frankland, Percy Faraday, and Frederic 
Horace Garner, the rotation dispersion 
of butyl, heptyl, and octyl tartrates, 
636. 

Freak, Gilbert Arthur , the effect of 
dilution in electro-titrimetric analyses, 
55. 

G. 

Gardner, John Addyman, and Francis 
William Fox, chloropicrin. Part I,, 

1188. 

Garner, Frederic Horace. Sec Percy 
Faraday Frankland. 

Garner, William Edward. See 
Frederick George Donnan. 

Ghosh, Brojcndra Ncdh. See Ananda 
Kisore Das. 

Ghosh, Praphulla Chandra , curcumiu, 

292. 

dyes derived from quinolinic acid, 

1102. 

Goodson, John Augustus, and Hubert 
William Bentley Clever, examina¬ 
tion of the bark of Croton gubouga / 
isolation of 4-hydroxyhygrio acid, 
923. 

Goswami, Mahendra Hath. See Biman 
Bihari Dey. 

Gough, William Henry, and Jocelyn 
Field Thorpe, asymmetric replacement 
in the meta-series. Part I., 1155, 
Guha, PrafuUa Chandra . See (Mr) 
PrafuUa Chandra Ray. 

H. 

Harris, Joseph Walter, the optically 
active neoniethylhydrindumin.es, 61. 



INDEX OF AUTHORS. 


1521 


Harrison, Edward Frank, obituary 
notice of, 562. 

Haworth, Walter Norman, and (Miss) 
Grace Gumming Leitch, the constitu¬ 
tion of the disacchavides. Part III. 
Maltose, 809. 

Heberlein, Christian. See Robert Lud¬ 
wig Mond. 

Hepworth, Harry, the absorption 
spectra of the nitric esters of 
glycerol, 840. 

tile action of Grignard reagents on 
the esters of certain dicarboxylic 
acids, 1208. 

Hewitt, John Theodore, and William 
Jacob Jones, the estimation of the 
methoxyl group, 193. 

Hickinbottom, Wilfred John . See 
Joseph Reilly. 

Kigson, Geoffrey Isherwood. See Roland 
Edgar Slade. 

Hilditch, Thomas Percy. See Edward 
Frankland Armstrong. 

Hinshelwood, Cyril Norman , the oxi¬ 
dation of phenol derivatives, 1180. 

Hughes, William, the reaction between 
sodium chloride solution and metallic 
magnesium, 272.' 

I. 

Ingold, Christopher KelJc, and Jocelyn 
Field Thorpe, experiments on the 
elimination of the carbethoxyl 
group from tautomeric systems. 
Part I. Derivatives of indene, 143. 
the formation and stability of spiro- 
compounds. Part II. Bridged- 
SjpiYo-compounda derived from 
cycldhQxzne, 320. 

Irvine, James Colquhoun, and James 
Scott Dick, the constitution of maltose; 
a new example of degradation in the 
sugar group, 593. 


James, Thomas Campbell. See Eric 

, Walker. 

Jeans, James Hopwood, the quantum 
theory and new theories of atomic 
structure, 865. 

Jenkins, William Job. See David 
Leonard Chapman. 

Jephcott, Harry, the physical constants 
of nicotine. Part I. Specific rotatory 
power of nicotine in aqueous solution, 
104. 

Jones, David Charles. See Kennedy 
Joseph Previti Orton. 

Jones, David Trevor , glyceryl methyl 
ether dinitrate (a-metbylin dinitrate), 
76. 


Jones, William Jacob. See John Theo¬ 
dore Hewitt. 


K. 

Kam, James. See James William 

McBain. 

Kemp, William Joel, obituary notice 
of, 427. 

King, Albert Theodore, the production 
of methyl ethyl ketone from M-butyl 
alcohol, 1404. 

King, Harold, the resolution of hyoscine 
and its components, tropic acid and 
oscine, 476. 

the stereochemistry of hyoscine, 974. 

Knox, Joseph, and (Miss) Marion Brock 
Richards, the basic properties of 
oxygen in organic acids and phenols 
and the quadrivalency of oxygen, 508. 

Knox, Joseph, and (Miss) Eden Reid 
Will, the basic properties of 
phenanthraquinone, 850. 
the solubility of silver acetate in 
acetic acid and of silver propionate 
in propionic acid, 853. 

Kon, George Armand Robert, and 
Jocelyn Field Thorpe. I. The forma¬ 
tion and reactions of imino-com- 
pounds. Part XIX. The chemistry 
of the cyanoacetamide and Guareschi 
condensations, 686. 

Krizewsky, Jacob, and Eustace Ebenezer 
Turner, formation of diphenyl by the 
action of cupric salts on organo- 
metallic compounds of magnesium, 
559. 


L. 

Laing, (Mss) Mary Evelyn . See James 
William McBain. 

Lapworth, Arthur, and Frank Albert 
Royle, capsaicin. Part I., 1109. 

Leiteh, (Miss) Grace Gumming . See 
Walter Norman Haworth, 

lewis, Samuel Judd, a new sector 
spectrophotometer, 312. 

Lewis, William Cudmorc McCullagh, 
studies in catalysis. Part X. The 
applicability of the radiation hypo¬ 
thesis to heterogeneous reactions, 
182. 

studies in catalysis. Part XL The 
Le Chatelier-Braun principle from 
the point of view of the radiation 
hypothesis, 710. 

studies in catalysis. Part XII. Cata¬ 
lytic criteria and the radiation hypo¬ 
thesis, 1360. 



1522 


INDEX OF AUTHORS. 


Lowry, Thomas Martin, and Harold 
Helling Abram, the rotatory dispersive 
power of organic compounds. Part IX. 
Simple rotatory dispersion in the 
terpene series, 300. 

Lowry, Thomas Martin, See also 
Reginald George Early.. 

Lnm.sd.en, John Scott, criteria of the 
degree of purity of commercial toluene, 
1366. 

Lnpton, Sydney, obituary notice of, 
430. 

M. 

McArthur, Donald Neil, and Alfred 
Walter Stewart, a new photographic 
phenomenon, 973. 

McBain, James William, and James 
Kam, the effect of salts on the vapour 
pressure and degree of dissociation of 
acetic acid in solution; an experi¬ 
mental refutation of the hypothesis 
that neutral salts increase the dissocia¬ 
tion constants of weak acids and bases, 
1332. 

HcBain, James William, (Miss) Mary 
Evelyn Laing, and Alan Francis 
Titley, colloidal electrolytes: soap 
solutions as a type, 1279. 

McBain, James William, and (il/tss) 
Millicent Taylor, the degree of hydra¬ 
tion of the particles which form the 
structural basis of soap curd, deter- 

* mined in experiments on sorption and 
salting out, 1300. 

McKenzie, Alexander, and John Kerfoot 
Wood, the isomeric tropic acids, 828. 

McKenzie, Alexander, and Henry Wren, 
catalytic raeemisation of ethyl Z-man- 
delate, 602. 

Maiming, Dodger James, and Maximilian 
Kierenstein, the tannin of the Cana¬ 
dian hemlock (Tsuga canadensis, 
Carr.), 662. 

Martineau, George, obituary notice of, 
434. 

Mason, Walter, and Diehard Vernon 
Wheeler, the propagation of flame in 
mixtures of acetylene and air, 578. 

Maxted, Edward Bradford, the syn¬ 
thesis of ammonia at high tempera¬ 
tures. Part III., 113. 
the influence of hydrogen sulphide on 
the occlusion of hydrogen by palla- 
dium, 1050. 

Mazumder, JafAndra Kumar, See Bawa 
Kartar Singh. 

Matter, Prafullct Chandra, and Jnan- 
endra Nath Sen, action of phenyl- 
hydrazine on phthalaldehydic and 
phthalonic acids: phenyl-hydrazo- 
and azo-phtlialid e, 1145. 


Mond, Robert Ludwig, and Christum 
Heberlein, the chemistry of Burgundy 
mixtures, 908. 

Morgan, Gilbert Thomas, and Frederick 
Page Evans, jS-naphthylmethylamine, 

1140. 

Morgan, Gilbert Thomas, and Eric Dod- 
drell Evens, the constitution of in¬ 
ternal diazo-oxides (diazophono'ls). 
Part II., 1126. 

Morgan, John David, the ignition of 
explosive gases by electric sparks, 94. 

Mukherjee, Jiianendra Nath, and Na- 
gendra Nath Sen, coagulation of metal 
sulphide hydrosols. Part I. Influ¬ 
ence of distance between the particles 
of a sol on its stability; anomalous 
protective action of dissolved hydrogen 
sulphide, 461. 

N. 

Nicholls, Noel Albert. See Percy Fara¬ 
day Frankland. 

Nicholson, John William, emission 
spectra and atomic structure, 855, 

Niereustein, Maximilian, the tannin of 
the knopper gall, 1174. 
the colouring matter of the red pea 
gall, 1328. 

Nierenstein, Maximilian. See also 
Dodger James Manning. 

Norman, George Marshall, the formation 
of diazoamino-cornpounds from /3- 
naphthylamine, 673. 

O. 

O’Connor, Edmund Arthur. See Albert 
Cherbury David Rivett. 

Orton, Kennedy Joseph PrcviU, and 
David Charles Jones, the critical 
solution temperature of a ternary 
mixture as a criterion of purity of 
toluene, 1055. 

the temperature of critical, solution of 
a ternary mixture as a criterion of 
purity of m-butyl alcohol; the pre¬ 
paration of pure ?»-butyl alcohol, 
1194. 

P. 

Pay man, William, the propagation of 
flame in complex gaseous mixtures. 
Part I. Limit mixtures and the 
uniform movement of flame in such 
mixtures, 1436. 

.the propagation of flame in complex 
gaseous mixtures. Part 11. The 
uniform movement of flame in mix¬ 
tures of air with paraffin hydro¬ 
carbons, 1446. 



INDEX OF AUTHORS. 


1523 


Fayman, William , the propagation of 
name in complex gaseous mixtures. 
Part III. The uniform movement of 
flame in mixtures of air with mixtures 
of methane, hydrogen and carbon 
monoxide, and with industrial inflam¬ 
mable gases, 1454. 

Fayman, William , and Richard Vernon 
Wheeler, the propagation of flame 
through tubes of small diameter. 
Part II., 36. 

Fayman, William . See also Hubert 
Frank Coward. 

Pedler, (Sir) Alexander, obituary notice 
of, 436. 

Perkin, William Henry , non., crypto¬ 
pine. Part II., 713. 

Perkin, William Henry, jun., and 
Robert Robinson, harmine and harmal- 
ine, Parts III. and IY,, 933, 967. 

Polack, Wilfrid Gustav. See Arthur 
John Allmand. 

Pope, (Sir) William Jackson , presi¬ 
dential address, 397. 

Price, Tudor Williams, the vapour 
pressures and densities of mixtures 
of acetone and methyl ethyl ketone, 
1116. 

the decomposition of carbamide in 
the presence of nitric acid, 1354. 

Price, Tudor Williams. See also Albert 
Greville White. 

Frideaux, Edmund Brydges Rudhall, 
the effect of sea-salt on the pressure 
of carbon dioxide and alkalinity of 
natural waters, 1223. 

Pyman, Frank Lee, the alkaloids of 
Holarrhena congolensis, Stapf., 163. 
m eta-substituted aromatic selenium 
compounds, 166. 

Pyman, Frank Lee. See also Robert 
George Fargher. 


R. 

Rakshit, Jitendra Nath, porphyroxine, 
455. , 

Ray, (Sir) Prafulla Chandra, mercury 
mercaptide nitrites and their reaction 
with the alkyl iodides. Part YI. 
Chain compounds of sulphur, 548. 
interaction of mercuric and cupric 
chlorides respectively and the mer- 
captans and potential naercaptans, 
871. 

Ray, (Sir) Prafulla Ghandra, and 
Prafulla Chandra Gfuha, mercury mer¬ 
captide nitrites and their reaction with 
the alkyl iodides. Parts IY., Y. and 
YU, Chain compounds of sulphur, 
261,541,1148. 


Ray. (Sir) Prafulla Ghandra, Prafulla 
Chandra Guha, and Radha Kishm 
Das, reaction of the potassium salts 
of 2-thiol-5-thio-4-phenyl-4:5-dihy dro- 
l:3.-4-thiodiazole and 2:5-dithiol-i:3:4- 
thiodiazole with halogenated organic 
compounds, 1308. 

Ray, (Sir) Prafulla Ghandra, and 
Prafulla Kumar Sen, mercuric sulph- 
oxyehloride, 552. 

Reilly, Joseph, and Wilfred John 
Hickinbottom, the w-butylaryl amines. 
Part III. Constitution of the nitro- 
derivatives of ■n-butyl-p-toluidine, 175. 

Remington, Joseph Price, obituary notice 
of, 438. 

Report of the Council, 384. 

Report of the International Committee 
on Atomic Weights, 879, 

Richards, (Miss) Marion Brock. See 
Joseph Knox. 

Rideal, Eric Keightlcy, the selective 
combustion of carbon monoxide in 
hydrogen, 993. 

Rivett, Albert Cherbury David, and 
Edmund Arthur O’Connor, some ter¬ 
nary systems containing alkali oxalates 
and water, 1346. 

Robertson, Philip Wilfred, the melting 
points of the substituted amides of 
the normal fatty acids, 1210. 

Robinson, Robert. See William Henry 
Perkin, jun. 

Rogerson, Harold. See Arthur Ernest 

Everest. 

Royle, Frank Albert. See Arthur 

lapworth. 


S. 

Schloesing, Jean Jacques TMophile, 
obituary notice of, 440. * 

Sen, i Jnanmdra Nath. See Prafulla, 
Chandra Hitter. 

Sen, Nagendra Nath „ See Jhanendra 
Nath Mukherjee. 

Sen, Prafulla Kumar. See (Sir) Prafulla 
Chandra Ray. 

Senior, Alfred , obituary notice of, 447. 

Seqaeira, James Harry. See Bertram 

Blount. 

Singh, Bawa Kartar, and jatmdra 
Kumar Mazumder, studies on the 
, dependence of optical rotatory power 
on chemical constitution. Part I. 
Position-isomerism and optical 
activity of naphthyliminoeamphors 
and derivatives of phenylimino- 
camphor, 566. 

condensation of deoxybenzoin with 
aromatic aldehydes, 821. 



1524 


INDEX OP AUTHORS. 


Slade, Roland Edgar, and Geoffrey 
Isherioood Higson, equilibria iu the 
reduction of oxides by carbon, 205. 
the dissociation pressures of some 
nitrides, 215. 

Sod&y, Frederick, the conception of the 
chemical element as enlarged by the 
study of radioactive change, 1. 

Spinner, Hans. See Martin Onslow 
Forster. 

Stewart, Alfred Walter. See Donald 
Neil McArthur. 

T. 

Taylor, Charles Somers, the presence of 
aconitie acid in sugar-cane juice and a 
new reaction for the detection of the 
acid, SS6. 

Taylor, (Miss) Millicent. See James 
William McBain. 

Tchernlac, Joseph, tkioeyanoacetone and 
its derivatives and isomerides, 1071. 
an automatic extraction apparatus, 
1090. 

Thomas, (Miss) Doris Feltham. See 
David Runciman Boyd. 

Thorpe, Jocelyn Field, the chemistry of 
the glutaeonic acids. Part XI. The 
occurrence of 1:3-addition to the 
normal form, 679. 

Thorpe, Jocelyn Field. See also William 
Henry Gough, Christopher Kelts Ingold, 
and George Armand Robert Kon. 

Tideswell, Frederick Vincent, and Richard 
Vernon Wheeler, a chemical investi¬ 
gation of banded bituminous coal; 
studies in the composition of coal, 
619. 

the oxidation of coal, 895. 

Tingle, John Bishop, obituary notice of, 
453. 

Titley, Alan Francis. See Sydney 
Barmtt, and James William. McBain. 

Turner, Eustace Ebenezer. See George 
Joseph Burrows, and Jacob Krizewsky. 

XT. 

Usher, Frawis Lawnj, and Ramaven- 
katasubbier Yenkateswaran, the po¬ 
tential of a nitrogen electrode, 613. 

Y. 

Yenkateswaran, Ramavenkatasuhbier. 
See Francis Lawry Usher. 


W. 

Walker, Erie, and Thomas Campbell 
James, molecular refractivity of cin¬ 
namic acid derivatives, 1243. 

Watkins, Stewart Byron, and Henry 
George Denham, auto-complexes in 
solutions of cupric chloride and cupric 
bromide, 1269. 

Werner, Emil Alphonse, the preparation 
of butylumine and of w-dibutyl« 
amine ; the separation of aliphatic 
amines by partial neutralisation, 
1010 . 

the constitution of carbamide®. Part 

IX. The interaction of nitrous acid 
and mono-substituted ureas; the 
preparation of diazomethane, diazo¬ 
ethane, dinzo-»-butane, and cliazo- 
wopentane from the respective 
nitrosoureas, 1093. 

the constitution of carhamides. Part 

X. The behaviour of urea and of 
thiourea towards diazomethane and 
diazoethane respectively ; the oxi¬ 
dation of thiourea by potassium 
permanganate, 1168. 

Wheeler, ^Richard Vernon, the inflam¬ 
mation of mixtures of ethane and air 
in a closed vessel: the effects of 
turbulence, 81. 

Wheeler, Richard Vernon. See also 
Walter Mason, William Payman, and 
Frederick Vincent Tideswell. 

Whiston, John Reginald Harvey. Son 
David Leonard Chapman. 

White, Albert Greville, and 'Tudor 
Williams Price, the determination 
of ignition-temperatures by the soap- 
bubble method, 1248. 
the ignition of ether-aleohol-uir and 
acetone-air mixtures in contact with 
heated surfaces, 1462. 

Will, (Miss) Helen Reid See Joseph 
Knox. 

Wilson, Stanley Fierce. See Hubert 

Frank Coward. 

Wood, John K&r f oot. See Alexander 

McKenzie. 

Wren, Henry. See Alexander McKenzie. 

Wright, Robert, the effect of some simple 
electrolytes on the temperature of 
maximum density of water, 119. 
molecular-weight determination by 
direct measurement of the lowering 
of the vapour pressure of solutions, 
1165. 



INDEX OF SUBJECTS. 


TRANSACTIONS. 1919. 

Single organic compounds of known empirical formula will be found in the 
Formula Index, p. 1530. 


A. 

Acids, aliphatic, melting points of sub¬ 
stituted amides of (Robertson), 
1210. 

dicarboxylio, esters of, action of Grig- 
nard reagents on (Hepworth), 
1203. 

organic, basic properties of oxygen in 
(Knox and Richards), 508. 
weak, effect of neutral salts on the 
dissociation of (McBain and Kam), 
1332. 

Aconitic acid, C 6 H (i O B . 

Address, presidential (Pope), 397. 

Affinity, duplex, theory of (Briggs), 
278. 

Alacroatine, Q 4 H 7 ON 3 . 
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with (Das and Ghosh), 817; (Singh 
and Mazuimder), 821. 

Alkaloids from Ilolarrhma eongolensu 
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mercaptido nitrites with (Ray and 
Gu ha), 261, 541, IMS; (Ray), 548. 
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ing points of (Robertson), 1210. 
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quantitative, use of freezing-point de¬ 
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Annual General Meeting, 384. 
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134. 
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phenylaraiiiio acids (Fargher), .. 982. 


Atmospheric air, propagation of flame 
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(Mason and Wheeler), 578. 
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| . and Price), 1462. 

| ignition of mixtures of ethane and 
| (Wheeler), 81. 

apparatus for estimation of oxygen in 
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Atomic structure and emission spectra 
(Nicholson), 855. 
and the quantum theory (Jeans), 
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weights, report of the International 
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table of, 885. 
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Balance sheets of the Chemical Society 
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Annual General Meeting, 384. 
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the dissociation of (Mo Bain and Kam), 
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in (Gough and Thorpe), 1155. 
v’so-^-Berberidene, OaoHsoG^ 

Betonioine, 0 7 Hi S 0 3 lSr. 

“ Blue John” (Blount and Skqueira), 
705. 

Burgundy mixtures, chemistry of (Mono 
and Hkberlkin), 90S. 
n-Butylarylaminea (Reilly and Hick- 
inboxtqm), 175. 
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C. 

Cadmium ,ra&oxide, preparation of (Den¬ 
ham), 556. 

Camphane series, studies in (Foestee 
and Spinner), 889. 

Capsaicin, C 1S H 27 0 3 N. 

Carbamides, constitution of (Weenee), 
1093,1168. 

Carbon, equilibrium in tlie system, 
methane, hydrogen and (Coward 
and Wilson), 1380. 
kinetics of the reduction of metallic 
oxides by (Slade and Higson), 205. 
Carbon monoxide, combustion of, in 
hydrogen (Rideal), 993. 
dioxide, pressure of, in sea water 
(Prideatjx), 1223. 

Carbonatopentamminecobaltie nitrate, 
preparation of (Beiggs), 75. 

Catalysis, studies in (Lewis), 182, 710, 
1360. 

Chemical constitution and optical rota¬ 
tory power (Singh and Mazumder), 
566. 

reactivity, quantum radiation hypo¬ 
thesis of, and the Le Chatelier- 
Braun principle (Lewis), 71 0. 
Chemistry in the national service (Pope), 
397. 

Chlorine, interaction of hydrogen and 
( Chapman and Wh iston), 1 264. 
Chloropicrin, C0 2 NC1 3 . 
Chromatoaqnotriamminecohaltio di- 
chromate (Beiggs), 75, 
Chromatocobaltiammines (Beiggs), 67. 
Chromatohydroxytriamminecobalt 
(Beiggs), 74. 

Chromatopentamminecobaltic salts 
(Beiggs), 69. 

Chromatotetranimineeobaltic salts 

(Briggs), 72. 

Cinnamic acid derivatives, molecular 
refractivity of (Walker and James), 
1243. 

Coagulation of hydrosols (Mukheejee 
and Sen), 461. 

Coal, composition of (Ti deswell and 
' Wheeler), 619. 

oxidation of (Tideswell and Wheel¬ 
er,), 895. ■. 

Colloidal electrolytes (McBain, Laing, 
and Title y), i279. 

Colouring matters from quinolinic acid 
■ V- (Ghosh), 1102.. ■ 

See also Dryophantin. 
^ire-Compounds, formation and sta- 
bility of (Ingold and Thorpe), 321. 
Conessinei C 24 TI 40 N 2 . . 

Copper sulphate and sodium carbonate, 
chemistry of mixtures of (Mokd and 
Heeerlein), 908.' 


Copper:— 

Cupric bromide and chloride, complex 
compounds in solutions of (Wat¬ 
kins and Denham), 1269. 

Copper organic compounds :— 

Cupric chloride, action of, with mer- 
captans and thioamides (Ray), 871. 
salts, action of magnesium organic 
compounds with (Kkizewsky and 
Turner), 559. 

Critical solution temperature of ternary 
mixtures (Orton and Jones), 1055. 

Croton gubouga, constituents of the bark 
of (Goodson and Cleaver), 923. 

Cryptopidene, C 2(3 H 20 O 4 . 

Cryptopine, C 2l H 23 O fi N. 

Curcumin, C 21 H 20 O 6 . 

3). 

Diazonium salts, action of glyoxaline- 
carboxylic esters and anilides with 
(Fargher and Pyman), 1015. 

Biazo-oxides, internal, constitution of 
(Morgan and Evens), 1126. 

Biazophenols. See Diazo-oxidea. 

Bififusion of solutions across membranes 
of amyl alcohol and copper ferro- 
cyanide (Donnan ami• Garner), 
1313. 

Bimethylrhodim, O a H 7 ONS. 

2:5-Bimethylthien, C 6 H 8 S a . 

Bisaccharides, constitution of (Ha¬ 
worth and Leitch), 809, 

Bispersion, rotatory, of organic com¬ 
pounds (Lowry and Abram), 300, 

Dithiazylamine, C 8 H n N a S 2 . 

Bryophantin, O a3 H 28 0 16 . 

E. 

Electrode, nitrogen, potential of 
(Usher and Yenkatbswaran), 613. 

Electrolytes, colloidal. See Colloidal. 

Elements, chemical, and radioactive 
change (Soddy), L 

Equilibrium of solutions between 
membranes of amyl alcohol ami 
copper ferrocyanide (Donnan and 
Garner), 3|13. 

Explosion, temperatures of, of endo¬ 
thermic substances (Datta and 
Chatter jee) , 1006. 

Extraction apparatus, automatic 
(Tcherniao), 1090. 

F. 

Flame, propagation of, in gaseous mix¬ 
tures (Coward, Carpenter, and Pay- 
man), 27; (Patman and Wheeler), 
36; (White and Price), 1248,1462 
(Payman), 1436, 1446, 1454. 
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Flame, propagation of, in mixtures of 
acetylene and air (Mason and 
WlIEELElt), 578. 

propagation of, in mixtures of ethane 
and air (Wheeler), 81. 

Fluorite. See Fluorspar. 

Fluorspar (Blount and Sequeira), 
705. 

Freezing point of solutions (Fawsitt), 
790. 

Freezing-point determinations, use of, 
in analysis (Fawsitt),- 801. 


Gh 

Galls. See Knoppor and Pea galls. 

Gases, ignition of mixtures of (Coward, 
Carpenter, • and Payman), 27; 
(Payman and Wheeler), 36; 
(Mason and Wheeler), 578; 
(White and Prior), 1.248, 1462; 
(Payman), 1486, 1446, 1454. 
explosive, electrical ignition of 
(Morgan), 94. 

Glutaconic acids, chemistry of 
(Thorpe), 679. 

Glyoxalinecarboxylic acids, anilides and 
esters, action of, with cliazoniiun salts 
(Farojier and Pyman), 1015. 

Grignard reagents, action of, with 
esters of dicarboxylic acids (Hep- 
worth), 1203. 


H. 

Harmaline, C ls H 14 0]Sr a . 

Harman, O 18 H 10 N a . 

H amine, C, 3 Il l2 OX 2 . 

Hemlock, Canadian. See Tmga cam- 
dernin. 

Hexoses, conversion of, into their onolic 
and ethylene oxide forms (Arm¬ 
strong and Hildjtch), 1410. 

Jlolarrhena eongolennin, alkaloids of 

(Pyman), 163. 

Holarrhenine, 0 24 H 3B 0N 2 . ■ 

Hydrogen, equilibrium in the system: 
carbon, methane and (Coward and 
Wilson), 1380, 

influence of hydrogen sulphide on the 
absorption of, by palladium 
(Maxteh), 1050. 

combustion of carbon monoxide in 
(Eideal), 993. 

interaction of chlorine and (Chapman 
and White), 1264. 

Hydrosols, coagulation of (Mttkheiuee 
and Sen), 461, 

Hygric acid, 4-hydroxy-, C ft H u O s lSr.' 

Hyoscine, C 19 H S1 0 4 F. 


I. 
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(Payman and Wheeler), 36; 
(White and Price), 1248, 1462; 
(Payman), 1436, 1446, 1454. 
of explosive gases by electric sparks 
(Morgan), 94. 

of mixtures of acetylene and air 
(Mason and Wheeler), 57 8. 
of mixtures of ethane and air 
(Wheeler), 81. 

Imino-compounds, formation and re¬ 
actions of (Ivon and Thorpe), 686. 
Indene derivatives (Ingold and 
Thorpe), 143. 

K. 

Ketones, condensation of, with cyano- 
acetamide, and with ethyl cyano- 
acetate (Kon and Thorpe), 686. 
Knopper galls, tannin from (Nieren* 
stein), 1174. 

L. 

Lead su&sulphate (Denham), 109. 
Lectures, delivered before the Chemical 
Society (Soddy), 1 ; (Nicholson), 
855; (Jeans), 865. 

M. 

Magnesium, reaction between sodium 
chloride solutions and (Hughes), 272. 
Magnesium organic compounds, action 
of cupric salts on (Krizewsky and 
Turner), 559. 

Maltose, Cj, 2 H 2a O n . 

Mercaptans, action of, with cupric and 
mercuric, chlorides (Ray), 871. 
compounds of mercuric nitrite with, 
and their reactions with alkyl iodides 
(Ray and Gun a), 261, 541, 1148 ; 
(Ray), 548, 

Mercury:— 

Mercuric chloride, action of acetylene 
with (Chapman and Jenkins), 
847. 

sulphoxychloride (RAy and Sen), 
552. 

Mercury organic compounds 
Mercuric chloride, action of, with 
mercaptans and thioamides (Ray), 
:871. 

iodide, reactions of, with ethyl sulph¬ 
ide and alkyl iodides (Bay and 
Guha), 1164. . 

Mercury mereaptide nitrites, reactions 
of; with alkyl iodides ( Ray and 
Guiia), 26, 541, 1148; (Ray), 548. 
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Metallic oxides, kinetics of the reduction 
of, by carbon (Slade and Higson), 
205. 

sulphides, coagulation of hydrosols of 
(Mukherjee and Sen), 461. 
Meteloidine, 0 13 H 21 O 4 N. _ 

M ethoxy! groups, estimation of (Hewitt 
and Jones), 193. 

a- and ,8-Methyirlicdim, C 4 H 3 ONS. 
Mixtures, ternary, critical solution 
temperature of (Orton and Jones), 
1055. 

Molecular refraetivity of cinnamic acid 
derivatives (Walker and James), 
1243. 

N. 

i^-l:8-isoNaphthoxazones, C 12 H 7 0 3 N. 
Nicotine, C 10 Hj,;N 2 . 

Nitrides, dissociation pressures of (Slade 
and Higsgn), 215. 

Nitrogen peroxide or tetroxide (nitric 
peroxide), mutual solubility of nitric 
acid and (Bouseield), 45. 

Nitric acid, mutual solubility of 
nitrogen peroxide and (Bousfield), 
45. 

Nitrogen electrode. See Electrode. 
Nitroprussides, constitution and pro¬ 
perties of (Burrows and Turner), 
1429. 

O . 

Obituary notices:— 

James Hector Barnes, 409. 

John Percy Batey, 408. 

Charles William Dick, 409. 

George Carey Foster, 412. 

Edward Frank Harrison, 562, 

William Joel Kerap, 427. 

Sydney Lupton, 430. 

George Martineau, 434. 

Sir Alexander Pedler, 436. 

Joseph Price Remington, 438. 

Jean Jacques Theoplule Schloesing, 
440. 

Alfred Senier, 446, 

John Bishop Tingle, 453. 

Olefine oxides, velocity of combination 
of sodium derivatives of phenols with 
(Boyu and Thomas), 1239. 

Optical rotatory power and chemical 
constitution (Singh and Mazumder), 
566. 

Organic compounds, rotatory dispersion 
of (Lowry and Abram), 300. 

Oscine, OsH^OaN. 

Oxygen, basic properties of, in organic 
acids and phenols, and its quadri- 
valency (Knox and Richards), 508. 


Oxygen, apparatus for estimation of, in 
air (Aston), 472. 

P. 

Palladium, influence of hydrogen sulph¬ 
ide on the absorption of hydrogen 
by (Maxthd), 1050. 

Pea galls, red, colouring matter of 
(Nierenstbin), 1328. 

Phenols, basic properties of oxygen in 
(Knox and Richards), 508. 
iodination of (Gorman), 1040. 
sodium derivatives, velocity of combi¬ 
nation of, with olefine oxides (Boyd 
and Thomas), 1239. 

Phenol derivatives, oxidation of (Hin- 
shelwood), 1180. 

Phenylamnic acids, substituted, estima¬ 
tion of arsenic in (Farghkr), 982. 

Photography, new phenomenon in 
(McArthur and Stewart), 973. 

Porphyroxine, C^H^C^N. 

Purity, determination of, by the critical 
solution temperature (Orton and 
Jones), 1194. 


Q. 

Quantum theory and atomic structure 
(Jeans), 865. 

Quinolinanil,C ia H 8 0 2 F a . 


R. 

Radiation hypothesis, application of, to 
catalysis (Lewis), 182, 710, 1360, 
Radioactive change and the conception 
of chemical elements (Soddy), I. 


S. 

Sea water. See under Water. 

Selenium organic: compounds, aromatic 
(Pyman), 166. 

Soap solutions as colloidal electrolytes 
(McBain, Laing, and Titlky), 1279. 
Soaps, hydration of the particles form¬ 
ing the curd of (McBain and Taylor), 
1300. 

Sodium carbonate and copper sulphate, 
chemistry of mixtures of (Mond 
and Heberlein), 908. 
chloride, free energy of dilution of 
aqueous solutions of (Allmand 
and Polack), 1020. 
reaction between solutions of, and 
metallic magnesium (Hughes), 

hypochlorite (Applebey), 1106. 
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Solutions, freezing point of (Fawsitt), 
790. 

diffusion and equilibrium of, between 
membranes of amyl alcohol and 
copper ferrocyanide (Donnan and 
Garner), 1313. 

Spectra, emission, and the structure of 
atoms (Nicholson), 855. 

Spectrophotometer, now sector (Lewis), 
312, 

Spiro-compcunds. See under Compounds. 

Stannous salts. See under Tin. 

Substitution, asymmetric, in the benzene 
ring (Gough and Thorpe), 1155. 

Sugars, conversion of, into their enolic 
and ethylene oxide forms (Armstrong 
and Hilditch), 1410. 

Sugar-cane, aconitie acid in the juice of 
(Taylor), 886. 

Sulphides. See Metallic sulphides. 

T. 

Tannin from hemlock, preparation and 
reactions of (Manning and N ibren- 
stein), 6*65. 

from knopper galls (Nierenstkin), 
1174. 

Tautomeric compounds, elimination of 
the carbethoxyl group from (Ingold 
and Thorpe), 143. 

Terpene derivatives, rotatory dispersion 
of (Lowry and Abram), 300. 


Thioamides, action of, with cupric and 
mercuric chlorides (Ray), 876. 

Tin:— 

Stannous, chloride, reaction between 
arseniouH chloride and (Durrant), 
134. 

Trichromato-octamminedicobalt 
(Briggs), 73. 

Tropic acid, C 9 H 10 O 3 . 

Tsuga canadensis (hemlock), tannin of 
(Manning and Nierensteln), 662. 
Tsuginic acid, bromo-, C 3 H 7 0 4 I5i'. 
Turicine, C 7 H 13 0 3 N. 


V. 

Valency, polar and non-polar (De), 127. 


W. 

Water, effect of electrolytes on the 
temperature of maximun - ' density 
of (Wright), 119. 

Sea water, effect of sea-salt on the 
pressure of carbon dioxide and 
alkalinity in (Prideaux), 1223. 

Weights, molecular, determination of, 
by measurement of vapour pressure 
lowering (Wright), 1165. 



FORMULA INDEX. 


The following index of organic compounds of known empirical formula is arranged 
according to Richter’s system (see Lexikon der Kohle / iistqff-Verbmdungm). 

The elements are given in the order C, H, O, N, 01, Br, I, F, S, P, and the 
remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to the number of carbon atoms (thus C :1 group, 
0 2 group, etc.). 

Secondly, according to the number of other elements besides carbon contained in 
the molecule (thus 5 IV indicates that the molecule contains five carbon atoms and 
four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in 
the above order). 

Fourthly, according to the number of atoms of each single element (except carbon) 
present in the molecule. 

Salts are placed with the compounds from which they are derived. The chlorides, 
bromides, iodides, and cyanides of quaternary ammonium bases, however, are registered 
as group-substances. 

Cl Group. 

CH 4 Methane, equilibrium in the system: carbon, hydrogen and (Coward and 
Wilson), 1380. 

CO Carbon monoxide, combustion of, in hydrogen (Rideal), 993. 

C0 2 Carbon dioxide, pressure of, in sea water (Prideaux), 1223. 

1 II 

CHN Hydrocyanic acid, catalytic reduction of (Barratt and Titlky), 902. 
CH 2 N 3 Diazomethane, interaction of, with carbamide and thiooarbamide 
(Werner), 1168. 

CH S N Methylamine, preparation of, from chloropicrin (Franhland, Chal« 
linger, and Nicholls), 159. , 

1 III 

CHjGNa Carbamide, decomposition of, in presence of nitric acid (Price), 1854; 

interaction of, with diazometliane and diazoethane (Werner), 1168. 

ClijMsS Thiocarbamide, interaction of, with dinzomethano and diazoethano, 
and its oxidation with potassium permanganate (Werner), 1168, 

C0 a MCl 3 Chloropicrin (Gardner and Fox), 1188; reduction of (Franklin n, 
Challenger, and Nicholls), 159. 

C 2 Group. 

C->H 2 Acetylene, propagation of flame in mixtures of air and (Mason and 
Wheeler), 578 : action of mercuric chloride with (Chapman and Jenkins), 
847. 

Calls Ethane, ignition of mixtures of air and (Wheeler), 81. 

2 II 

C s H* 0 4 Oxalic acid, double salts of, with the alkali metals (Rivett and 
O’Connor), 1346. 

C 2 H 4 O a Acetic aoid, vapour pressure and dissociation of, in solution (McBain 
and Kam), 1332; lead sub-salt (Denham), 109; silver salt, solubility of, in 
acetic acid (Knox and Will), 853. 

C 2 H s Nj, Diazoethane, interaction of, with carbamide and thioearbamide 
(Werner), 1168., 

CjH e O Ethyl alcohol, ignition of mixtures of ether, air and (White and 
Price), 1462. 
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2 III—5 III 


2 III 

C*H 6 0 3 N 3 Nitrosoinethylurea, preparation and properties of (Werner), 
1095. 

C 3 Group. 

C 3 H 5 N., 2-Aminoglyoxaline, and its salts (Farohick and .Pyman), 246. 

C 3 H b O Acetone, vapour pressure and density of mixtures of methyl ethyl ketone 
and (Prick), 1116 ; ignition of mixtures of air and (White and Price), 1462. 

C 3 H 0 Os Methyl acetate, rate of hydrolysis of, by hydrochloric acid (Burrows), 
1230. 

Propionic acid, silver salt, solubility of, in propionic acid (Knox and Will), 
8 S3. 

C :i H 7 N a Substance, from oxidation of thioearbamide with permanganate 
(Werner), 1173. 

C a H 8 0 9 Glycerol, and its nitric esters, absorption spectra of (Hep worth), 840. 

3 III 

C»H 4 ON, Oyanoacetamide, condensation of ketones with (Kon and Thorpe), 

686 . 

C 3 H 8 N a S Ethylwthiocarbamide, and its picrate (Werner), 1172. 

C 4 Group. 

C 4 H 8 j 8 »Butylene, preparation of (King), 1406. 

4 II 

C 4 H () 0(i Tartaric acid, rotation dispersion of alkyl esters of (Frankland and 
Garner), 636, 

C,iH«N a 2-Methylglyoxaline, and its salts (Fargher and Pyman), 231. 

C,iH 6 0 Methyl ethyl ketone, preparation of, from u-butyl alcohol (King), 
1404; vapour pressure and density of mixtures of acetone and (Price), 1116. 

C*HioO n-Butyl alcohol, pure, preparation of, and the detection of impurity in 
it (Orton and Jones), 1194. 

Ethyl ether, ignition of mixtures of alcohol, air and (White and Price), 1462. 

C 4 H 10 S Ethyl sulphide, reactions of, with mercuric iodide and alkyl, iodides 
(Ray and Guha), 1154. 

C 4 H n N Butylamine, preparation of (Werner), 1010 . 

4 III 

C*H 6 O a N 3 Nitromothylglyoxalines (Fargher and Pyman), 234. 

C 4 H 7 ON 3 Ala creatine, preparation of, audits salts (Pargher and Pyman), 253, 

C.[H 8 0 7 N 2 Glyceryl methyl ether dinitrate (Jones), 76. 

4 IV 

C 4 H 4 NCIS 2-Chloro-4-methylthiazole (Tcherkiac), 1072. 

C lt H;.0NS £-, and nto-Mothylrhodim (Tcherniac), 1075. 

Th iocy anoacetone, and its isomerides (Tcherniac), 1071. 

C 5 Group. 

CbHsNj 4:5d)imethy 1 glyoxaline, and its hydrochloride (Fargher and 
Pyman), 283. 

G s HioNa Biazowopentane (Werner), 1101. 

CsHjaO Amyl alcohol, use of, as a membrane (Donnan and Garner), 1313. 

' 5 III " ' ; 

.CaHANj. Glyoxaline-4:5-dicarboxylic acid, preparation of, and its sodium 
salt ('Fargher and Pyman), 227. 

CftHsOvN;, 2~Aminoglyoxaline-4:5-di carboxylic acid (Fargher and 
.. Pyman), 259. 
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C s H«O a Ns 2«Methylglyoxaline-4-carboxylic acid, and its salts (Faugher 
and Pyman), 230. 

C 5 H 7 ON 3 2-Acetylaminoglyoxaline (FARGiTEK and Pyman), 248, 

C 5 H 7 0 2 N Ethyl cyanoacetate, condensation of ketones with (Kon and 
Thorpe), 686. 

c 5 h h o 2 n 3 Nitroso-w-butylurea (Werner), 1101. 

G g H 12 0 N 2 n-Butylurea (Werner), 1101. 

5 IV 

G 5 H a ON 6 Fe Nitroprussic acid, alkali and iuethylanimouium salts (Burrows 
and Turner), 1429. 

CsH-.ON'.Cl Gllyoxaline-4-acetyl chloride, hydrochloride of (Fargher and 
Pyman), 1019. 

C 5 H-ONS Dimethylrhodim (Tcherniac), 1076. 

C 6 Group. 

C 6 H 4 0 4 Substance, from acetic anhydride andaconitic acid (Taylor), 889. 

C G H 8 0« Aconitic acid, presence of, in sugar-cane juices, and its detection 
(Taylor), 886 , 

C 6 H 8 S 2 2:5-X)imethylthien (Tcherniac), 1085, 

C fi Hi 0 N*o 2:4:5-Trimethylglyoxaline, and its picrate (Fargher and Pyman), 
233“ 

6 III 

GdRiNgFe Ferrocyanic acid, copper salt, use of, as a membrane (Donnan and 
Garner), 1313. 

C,jH 5 ClS ^-Chlorophenvl mercaptan, reaction of, with mercuric nitrite 
(RAy and Guha), 1154. 

C„H 6 0 2 Se Phenylselenious acid, preparation of, and its sodium salt 
(Pyman), 167. 

C 6 H 6 0 3 Se Phenylselenic acid, and its salt* (Pyman), 169. 

C 6 H 8 0 2 N 2 2-Ethylglyoxaline-4-carboxylio acid, and its picrate (Fahgher 
and Pyman), 1017. 

C 6 H u 0 3 N 4-Hydroxyhygric acid (Goodson and Clewer), 926. 

C 0 H 13 ON Diacetonamine, preparation and reactions of (Everest), 588. 

C 3 H I3 0 2 N 3 Nitrosoisoamylurea (Werner), 1101, 

6 IV 

C a H 5 0,jNSe m-Nitrophenylselenious acid (Pyman), 169. 

C a H 5 0 6 NSe m-Nitrophenylselenic acid, and its salts (Pyman), 170. 

C 8 H 7 0 3 NSe m-Aminophonylselenic acid, and its sodium salt (Pyman), 175. 

6 V 

G 6 H 8 0 3 NIS lodoanilinesulphonic acids, conductivity of (Boylk), 1505. 

C? Group. 

C 7 Hs Toluene, determination of purity of (Orton and Jones), 1055; commercial, 
estimation of the purity of (Lumsden), 1366. 

' 7 II 

CjHsN Methylaniline, preparation of (Franklano, Challenger, and 
Ficholls), 198. _ . 

G ? Hg 5 |-T°lyl mercaptan, reaction of, with mercuric nitrite (Eat and Guha), 

CtHjA cyrioHexanecarboxylie acid, preparation of (Ingold and Thorpe), 
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7 III 

C 7 II 10 O 2 K 2 Ethyl 2-m e thy 1 gly oxal ine-4-earboxy late (Fargher and Py 
man), 1017. 

CtHi 8 0 3 N Betonicine, and its salts (Goobson and Clewer), 9>32. 

Turicine, and its salts (Goobson and Clewer), 931. 

7 IV 

' C 7 H 6 0 6 NAs l:2-Dihydrobenzoxazolone-4-arsinic acid (Fargher), 991. 
C 7 H g 0 5 N<sAs 5-Nitro-6-amino-m-tolylarsinic acid (Fargher), 989. 
C 7 H t O : ,MoAs liS-Bcnzodiazolearsinic acids (Baxter and Fargher), 1372. 
C 7 HsG;iN 3 As 7-Methyl-l:2:3-benzotriazole-5-arsinic acid (Baxter and 
Fargher), 1378. 

G 7 H u O a N a As 5:6-I)iamino'?n-tolylarsinic acid (Baxter and Fargher), 
1377. 

C s Group. 

C 8 H 1 o0 4 eycfoHexane-lil-dicarboxylic acid (Ingold and Thorpe), 376. 
C 8 H lB 0, 7'Methylbutane-a/85-tricarboxylic acid, preparation of (Thorpe), 
.684. 

CgHigOj Dimethyl mcthylarahinosido (Irvine and Dick), 599. 

C 8 H ta N n-Dibutylamiuo, preparation of (Werner), 1010. 

8 III 

C 8 H,0 4 Bf Broinotsuginic acid (Manning and Nierenstein), 604. 

€ a Hc,0..N 3 Nitrosobenzylurea (Werner), 1101 . 

C 8 H a N 3 S a D ithiazylamine, and its hydrochloride (Tcherniao), 1082. 
C 8 H 10 ON 3 a-Gyano-A^ct/c/openteneacotamide (Kon and Thorpe), 697. 
C s H ia O a N a Ethyl 2-ethylglyoxaline*4-carboxylate (Fargher and Pyman), 
1018. 

C 8 Hi 9 0 3 N a Ethyl a-hydroxy-j8-glyoxaline-4-propionate (Fargher and 
Pyman), 1020. 

CaH«O a N Os cine, and its salts, resolution of (King), 476. 

C 8 ON b So Substance, from chloropicrin and the potassium salt of 2:5-dithiol- 
l:3;4-tluodiazole (KIy, Gtjha, and Das), 1312. 

8 IV 

C a H 0 O 3 NSe wi-Acetylaminophenylselenious acid, and its sodium salt 
(Pyman), 173. 

C„H a O;,N s As Methyl-l:3-benzodiazol e-5-arsinic acids (Baxter and Farg¬ 
her), 1377. ' 

C M H fl 0.iNSe w-Acetylaminophenylselenic acid, salts of (Pyman), 174. 

C 9 Group. 

C # H 8 0 a Atropic acid, preparation of (McKenzie and Wood), 834. 

Cinnamic acid, molecular refractivity of derivatives of (Wa lker and James), 
1243. 

CoH 8 N a 2 -Phenylglyoxaline, preparation of, and its salts (Fargher and 
Pyman), 232. 

CjHflN* Benzeneazoglyoxalirxe (Fargher and Pyman), 237. 

C 0 Hio0 3 Atrolactinic acid, preparation of (McKenzie and Wood), 833. 
w-Hydroxy-m-tolylacetic acid (Gough and Thorpe), 1162. 

Tropic acid, and its salts, resolution of (King), 476. 

Tropic acids, preparation of (McKenzie and Wood), 828. 

C 9 H 10 N 4 2 -A.mirio-l-jp-aminopheny 1 giy 0 x a 1 hie, and its salts (Fargher and 
. Pyman), 239. 

C u Hia0 3 cydo P cut a n e -1 :l-d i a c g t i c anhydride (Kon and TeoRhe), 700, 
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CgHiA j8 -Methyl-j3-wopropylglutaric anhydride (Kon and Thorpe), 
702. 

C b Hi 4 0 4 eydo Pen tan e-l:l-diacetic acid, and its silver salt ( Kon ami 1 HORl'K), 
700. 

C 2 HmO t Trimethylsaccharolactone (Haworth and Leitch), -SIC. 

C 9 H 16 0 4 jS-Methyl-jS-isopropylglutaric acid (Kon and Thorpe), 702. 

9 III 

C 3 H 7 N 4 Bp 2 - and 4-jJ-Bromobenzeneazoglyoxalines (Fargher and PYMAN), 
243. 

C 9 H 8 NBr w-Bromo-m-tolylacetonitrile (Gough and Thorpe), 1161. 

G.;H.,ON w-Hydroxy-m-tolylacetonitrile (Gough and Thorpe), 1162. 

C 0 H a OoCl £-Ohlorohydratropic acid, preparation of (McKenzie and Wood), 
835. 

C 9 H d 0 4 Bp Methyl bromotsuginate (Manning and Nikeenstein), 664. 

C a H 9 N, 1 Br 2 - 5 '-Bromo- 2 , -aminoanilinoglyoxaline (Paugueu and Pyman}, 
246. 

C 9 H l9 0N 2 Base, from reduction of 5-benzeneazo»4-methylglyoxaIiuo (Farmikr 
and Hyman), 253. 

C 9 Hi 3 0 2 N Imide of cycKopentane-l:l-diacetic acid (Kon and Thorpe), 700. 

€ 9 H 2 oON 2 as-Dibutylcarbamide (Werner), 1014. 

9 IV 

C 9 H 10 O 0 NAs 6 -Oxalylamino-m-tolylarsinic acid (Fargher), 089. 

€ 9 H 10 O 7 NAs 5 -Nitro-6-hydroxy-?ft-tolylar8inic acid (Fakuhkr), 000 . 

C 9 H n 0 3 N 2 AS 2:7-Dimethyl-l:3-benzodiazole-5-arsinic acid (Baxter and 
Fargher), 1379. 

C 9 H 18 0NC1 Dibutylcarhamyl chloride (Werner), 1013. 

Cio Group. 

CioH 8 O a Aldehyde, from hemlock tannin (Manning and Nierenstein), 668 . 

CioHs 0 4 Acid, and its salts, from oxidation of aldehyde from hemlock tannin 
(Manning and Nierenstein), 668. 

C 10 H 8 S a-Naphthyl mercaptan, reaction of, with mercuric nitrite (Kay and 
Guha), 1150. 

C 10 H 9 N /3-Naph thy lamine, formation of diazoamino-eompounds from (Norman). 
673. 

C 10 H 10 N 4 Renzen eazo-4-methylglyoxalines (Fargher and Pyman), 249 . 

Ci 0 H 12 O 3 Ethyl 7-mandelate, catalytic racemisatidn of (McKenzie and Wren). 
602. 

C 10 H 12 N 4 2-Amino-5-j?-aminophenyl-4*methylglyoxaliiie, and its wilts 
(Fargher and Pyman), 250. 

C W H 1S N Neometliylhydrindamincs, optically active, and their salts ( Harris), 
61. 

C 10 H m O 3 Glycol o- andm-xylyl ethers (Boyd and Thomas), 1243. 

C 10 H 14 N 2 Nicotine, physical constants,of (Jephcott), 1,04. 

C 10 fi w G.i 2-MethylcycZopentane-l:l*diacetic acid (Kon and Thorpe), 697 . 

. 10 III 

'C^HfQsN 4-Nitro-/8-naphthod (Morgan and Evens), 1132. 

CmHijGjNs 2:4-B i ni tr o-a-n ap h th yl am in e, preparation of (Morgan and 
: Evens), 1128. . . . 

Ci°HAN 2 2 -Phenylglyoxaline-4-carhoxylic acid (Fargher and Pyman), 

€ 10 H 9 ON 3 2-Benzoylaminoglyoxaline (Fargher and Pyman), 248. 

Glyoxaline-4-earboxyanilide (Fargher and Pyman), 228. 
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Cj,oH 9 O b Bf ' Acetyl derivative of bromotsuginic acid (Manning and Nxeren- 
STEIN), 664. 

CioHjiNiBr 4-p~Bromobenzcneazo-2-methylglyoxaHne (Faugh er and 
■Pvman), 256. 

G u H u ON, Base, from reduction of 5-benzeneazo-4-methylglyoxaliiie (Fargher 
and Pyman), 255. 

CwH u O*Bp Ethyl bromotsuginate (Manning and Nierenstein), 664. 

10 IV 

CxoHsQaN 2 S 3 Substance, from cbloroacetic acid and the potassium salt of 
2-thiol-5-thio-4-phenyl-4:5-dihydro-l:3:4-thiodiazole (Bay, Guha, and Das), 
1312. 

CioHABrSa Substance, from ethylene bromide and the potassium salt of 
2-thiol-5~thio-4-phenyi-4:5-dihydro-l:3:4-tModiazole (Bay, Guha, and Das), 
1312., 

CioHxAlUs 3:4-Diacetylaminophenylarsinic acid (Baxter and 
Fargher), 1376. 

C n Group, 

CuHflN lndenyi-3-acetonitrile (Ingold and Thorpe), 152. 

C u Hio0 4 Ethyl ester of acid, from hemlock tannin (Manning and Nxerkn- 
. stein), 668. 

CuH'uN jB-3STaphthylmetliylamine, preparation of (Morgan and Evans), 
1140* 

C u Hig0 4 /S-w-Oarboxy-m-tolylpropionic acid, and its salts (Gough and 
Thorpe), 1164. 

CiiHmQs S-cycl'M exane spiro di cyclo pentan-3-one- 1 -carboxylic acid (Ingold 
and Thorpe), 364. 

CmH w 0 8 cyctoBentane-l:l-dimalonic acid (Kon and Thorpe), 700. 

C u H 16 0 2 Glycol mesityl ether (Boyd and Thomas), 1243. 

CuHigOa 5-cycZoHexanesj?frocyc7opentan-3-one-l-carboxylic acid (Ingold 
and Thorpe), 372. 

CixHi 8 0 3 b-cycla Hexane spirocydo p en t a n- 3-o 1-1 -c a r b o x y 1 i c acid (Ingold 

and Thorpe), 373. 

G u H 18 0 4 2-Met \\y\cydoh. oxane-1 :l-diacetic acid, and its silver salt (Kon and 
Thorpe), 694. * 

CjxH t8 Ns To lylcne-4-.W-ji-butyl diamines, and their hydrochlorides (Reilly 
and Hickinbottom), 176. 

11 III 

CnH«0 ;i jN 4*Nitro"/3-naphthyl methyl ether (Morgan and Evens), 1133. 

C n H 1( )0N a l-Nitroso-8-naphthylmethylamine (Morgan and Evans), 1141. 

C„H„ON 8 2-Methylglyoxaline-4-carboxyanilide (Fargher and Byman), 
230. 

CixHxxOaN jS-a’-Oyano-OT-tolylprojiionic acid (Gough and Thorpe), 1104. 

C u H u OoN a ft>-Imide-aa'-dicyanocycfo>pentane»l:l-diacetic acid (Kon and 
Thorpe), 701. 

CxxHxxO.Cl Ethyl a-chlorocinnamates (Walker and James), 1247. 

CixH ia 0 4 Nj «-Di*imide of cycfopontane-lcl-dimalonic acid (Kon and 
Thorpe), 699. 

CijHttON w-Ethoxy-ni-tolylacetonitrile (Gough and Thoiipe), 1163. 

CxiHx S 0 2 N 3 w-lmide of aa'-di c y a n o-0-m o t h y1-jS- wpropylglutaric acid 
(Kon and Thorpe), 702. 

0xxH 14 O 2 N 4 w-Di-iminodi-imide of cwfopcntano-l:l-dimalonic acid 
(4- |H s O) (Kon and Thorpe), 698. 
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C U H 1S 0 4 N 3 a-Imidc of aa'-dicarbamylcycZopentane-dd-Aiacetic aeul 
(KoN and Thorpe), 701. 

C. H l7 Q 7 M Amide of cy<iZopentane-l:l-diin&lonic acid (Kon and Tiiori'K), 
699. 

11 IV t : 

C n H s 0 7 N 4 S 2-j?-Sulphobenzeneazoglyoxaline-4:5-dicaiboxylic acid 
(+ 2H a O), and its sodium salt (Fargher and Pyman), 268. 

C w Group. 

C 12 H 10 Diphenyl, preparation of (Krizewsky and Turner), 559. 

12 11 

C 12 H 10 N 2 Harman, preparation of, and its salts (Perkin and Robinson), 971. 

C 12 H u N a-Ind enyl-2-and-3-propionitriles (Ingold and Thorpe), 153. 

C 12 H 12 0 4 5-eyclo Hexane spiro di cyclo p c n t a n- 3 -o n e-1:2 - d i c a r b o x y 1 i oanliydr 
ide (Ingold and Thorpe), 363. 

C la H 14 0 5 '-Anhydride of 3-cycZoh e x a n e spiro-l-m ethyl cyclo p r o p a no-1 :2- 

tricarboxylic acid (Ingold and Thorpe), 379. 

5-a/cZoH exanespirodicycZi?pentan-3-0ne*l:2-dicarboxylic acid (INGOLO 
and Thorpe), 362. 

a's-3»H y d r o x y-4 -cyclo b e x y 1 cycZo,bu t an-2-o n e-3:4-d i c a r b o x y 1 i c an by d r- 

ide (Ingold and Thorpe), 366. 

C 12 B 14 0 7 Etbyl dihydrogen 5:5-dimethyldicycZopentan-3-one*I:2;4.tri“ 
carboxylate (Ingold and Thorpe), 383. 

Ci2Bxb0«s 3-cyclo Hexanespiro-l -metbyl cyclo p r o p a n e-1:1':2-1 r i carboxylic! 

acid (Ingold and Thorpe), 379. f 

cis- and Zrana-3-Hydroxy-4-cycZohexylci/cZobutan“2-Qne.’3:4-dIcarb0xylic^ 
acids, and their salts (Ingold and Thorpe), 364. ? 

C 12 H 1s 0 3 2:4-Dimethylcg/cZ<?hexane l:l-diacetic anhydride (Kon and 
Thorpe), 696. 

GiaHaoO* 2:4-Dimetbylc2/cZabexane-l:l-diaeetic acid (Kon and Thorpe), 
695. 

C 12 H a2 0u Maltose, constitution, of (Irvine and Dick), 693 ; (Haworth and 
Leitoh), 809. 

12 III 

C 12 H 7 0 2 N 1 iS-iso Napbtlioxazones, and their salts (Dey and Goswami), 531. 

CiaHflOoN In deny 1-2- and -3-cyanoacetic acids (Ingold and Thorpe), 151, 

C, 2 H 8 0 5 N 3 o-Nitropbenol-2-azoresorcin ol (Morgan and Evens), 1187, 

C l2 H 10 O a N a Xitroso-5:6:7:8-tetrahydro-^-l:8-Aonaph th o xazo n o (Dev 

and Goswami), 639. 

CiaH u O a H 5:6:7:8-Tctr a bydr1:8 -fso uaplitlioxazoue (Dky and Goswami), 
538. 

CiaHn0 2 Cl Allyl a-chlorocinnamates (Walker and James), 1247. 

Cx.HxxO.As jpy.Dihydxoxydipbenylarsinic acid (Fargher), 286. 

CisHjaOaNa Ethyl 2-phenylgIyoxaIin«-4-car boxy late (Farghkr and 
Pyman), 1019. 

CxsHigNaSes Di-wi-aminophenyl diselenide, and Its hydrochloride (Pyman), 

CxaHxaOHs 2-Etbylglyoxaline-4-carboxyanilide (Farghkr and Pyman), 

C 12 H 1? 0 2 N 3 <w-Imide of aa'dicy ano-2-m e th vl cyclo ye n t a n e-1:l-d i a c e t i c acid 
. (Kon and Thorpe), 697. .. . 

CxaHiaOaNa w-Imide of aa'-dicyano-jJ-methyl-jS-^-butylglutaric acid (Kon 
■ and Thorpe), 702. 
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